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Keep safety first in your circuit designs!

. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.




General Precautionson Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry or are
they are used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS! isnot guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused
pins arein their open states, intermediate levels are induced by noise in the vicinity, a
pass-through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:  When power isfirst supplied, the product’ s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on thereset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have a reset function, reset the LSI
immediately after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Accessto undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.







Preface

This LSl is a high-performance single-chip microcontrollers that integrates peripheral necessary
for system configuration with an H8/300H CPU featuring a 32-bit internal architecture asits core.

The on-chip peripheral functions include ROM, RAM, 16-bit timers, 8-hit timers, a programmable
timing pattern controller (TPC), a watchdog timer (WDT), a three-channel serial communication
interface, atwo-channel D/A converter, an A/D converter, and /O ports, providing an ideal
configuration as a microcomputer for embedding in sophisticated control systems. Flash memory
(F-ZTAT™*) isavailable as on-chip ROM, enabling users to respond quickly and flexibly to
changing application specifications and the demands of the transition from initial to full-fledged
volume production.

Note: * F-ZTAT isatrademark of Renesas Technology Corp.

Intended Readership: Thismanual isintended for users undertaking the design of an application
system using the H8/3069RF-ZTAT™. Readers using this manual require a
basic knowledge of electrical circuits, logic circuits, and microcomputers.

Purpose: The purpose of this manual isto give users an understanding of the
hardware functions and electrical characteristics of the H8/3069RF-
ZTAT™. Details of execution instructions can be found in the H8/300H
Series Programming Manual, which should be read in conjunction with the
present manual.

Using this Manual:

+ For an overall understanding of the H8/3069RF-ZTAT s functions
Follow the Table of Contents. This manual isbroadly divided into sections on the CPU,
system control functions, peripheral functions, and electrical characteristics.

e For adetailed understanding of CPU functions
Refer to the separate publication, H8/300H Series Programming Manual.
In order to understand the details of aregister when its name isknown. The addresses, bits,
and initial values of the registers are summarized in Appendix B, Internal 1/0 Registers.

Related Material: The latest information is available at our Web Site. Please make sure that
you have the most up-to-date information available.
(http://www.renesas.com)
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User's Manual on the H8/3069RF-ZTAT™:

Manual Title Document No.
H8/3069RF-ZTAT™ Hardware Manual This manual
H8/300H Series Programming Manual ADE-602-053

Usr's Manuas for development tools:

Manual Title Document No.
H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor =~ ADE-702-247
User's Manual

H8S, H8/300 Series Simulator/Debugger User's Manual ADE-702-037
High-Performance Embedded Workshop User's Manual ADE-702-201
H8S, H8/300 Series High-Performance Embedded Workshop, High- ADE-702-231

Performance Debegging Interface Tutorial

Application Note:

Manual Title Document No.
Microcomputer H8/300H Series Application Notes for CPU ADE-502-033
H8/300H Series On-Chip Supporting Modules Application Note ADE-502-035
Microcomputer Technical Q&A H8/300H Series Application Notes ADE-502-038
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Main Revisions for this Edition

Item Page Revisions (See Manual for Details)
5.1.1 Features 83  Description amended
» Seven external interrupt pins
... For each of IRQu to IRQs, sensing of the falling
edge or level sensing can be selected independently.
5.1.2 Block Diagram 84  Figure 5.1 amended

Figure 5.1 Interrupt Controller Block
Diagram

(Before) IRQ input — (After) IRQ input

5.2.4 IRQ Enable Register (IER) 95

Description amended

(Before) IRQs to IRQo interrupts — (After) IRQs to IRQo
interrupts request

18.10.1 Serial Communication Interface 650
Specification for Boot Mode

(2) Device Selection

Description amended

O Size (1 byte) : Amount of device-code data
This is fixed to 4

655,
656

(11) New Bit-Rate Selection
Description amended

O Number of multiplication ratios (1 byte) : The
number of multiplication ratios to which the device
can be set. Normally the value is two: main
operating frequency and peripheral module
operating frequency. (With this LSI it should be set
to H'01.)

O Multiplication ratio 2 (1 byte):

O Multiplication ratio (1 byte) : The value of the
multiplication ratio (e.g. when the clock
frequency is multiplied by four, the
multiplication ratio will be H'04. 'Cannot be set
for this LSI.)

Figure 18.27 Programming Sequence 661

e Programming
Figure 18.27 amended

Host Boot program

»
-

Programming selection (H'42, H'43) Transter of the

programming
program
T
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Item Page Revisions (See Manual for Details)

18.10.1 Serial Communication Interface 662 (3) 128-byte programming

Specification for Boot Mode Description amended

0 Programming Address (4 bytes) : Start address for
programming
Multiple of the size specified in response to the
programming unit inquiry (i.e. H'00, H'01, H'00,
H'00: H'00010000)

21.5 Usage Notes 771 Item added
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Section 1 Overview

11 Overview

The H8/3069R is a series of microcontrollers (MCUSs) that integrate system supporting functions
together with an H8/300H CPU core having an original Renesas Technology architecture.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit timer, an 8-bit timer, a
programmable timing pattern controller (TPC), awatchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, aD/A converter, I/O ports, a direct memory access controller
(DMAC), and other facilities.

The H8/3069R has 512 kbytes of flash memory and 16 kbytes of RAM.

Six MCU operating modes offer a choice of bus width and address space size. The modes (modes
1to 5, 7) include one single-chip mode and five expanded modes.

The H8/3069R includes an F-ZTAT ™* version with on-chip flash memory that can be
programmed on-board. This version enables usersto respond quickly and flexibly to changing
application specifications, growing production volumes, and other conditions.

Table 1.1 summarizes the features of the H8/3069R.

Note: * F-ZTAT (Flexible ZTAT) is atrademark of Renesas Technology Corp.
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Tablel.l Features

Feature Description
CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine
» Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers, eight 16-bit registers, or eight 32-bit
registers)
High-speed operation
e Maximum clock rate: 25 MHz
* Add/subtract: 80 ns
* Multiply/divide: 560 ns
16-Mbyte address space
Instruction features
« 8/16/32-bit data transfer, arithmetic, and logic instructions
» Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
* Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
» Bit accumulator function
« Bit manipulation instructions with register-indirect specification of bit
positions
Memory H8/3069R
*  ROM: 512 kbytes
*  RAM: 16 kbytes
Interrupt + Seven external interrupt pins: NMI, TRQO to IRQ5
controller » 36 internal interrupts

« Three selectable interrupt priority levels

Bus controller

» Address space can be partitioned into eight areas, with independent bus
specifications in each area

» Chip select output available for areas 0 to 7

» 8-bit access or 16-bit access selectable for each area

» Two-state or three-state access selectable for each area
» Selection of two wait modes

« Number of program wait states selectable for each area
» Direct connection of burst ROM

» Direct connection of up to 8-Mbyte DRAM (or DRAM interface can be used
as interval timer)

* Bus arbitration function
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Feature Description

DMA controller ~ Short address mode

(DMAC) * Maximum four channels available
» Selection of /0 mode, idle mode, or repeat mode
e Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
transmit-data-empty and receive-data-full interrupts from the SCI, or external
requests
Full address mode
e Maximum two channels available
» Selection of normal mode or block transfer mode
e Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
external requests, or auto-request
16-bit timer, » Three 16-bit timer channels, capable of processing up to six pulse outputs
3 channels or six pulse inputs
» 16-hit timer counter (channels 0 to 2)
» Two multiplexed output compare/input capture pins (channels 0 to 2)
« Operation can be synchronized (channels 0 to 2)
*  PWM mode available (channels 0 to 2)
« Phase counting mode available (channel 2)
«  DMAC can be activated by compare match/input capture A interrupts
(channels 0 to 2)
8-bit timer, » 8-bit up-counter (external event count capability)
4 channels

« Two time constant registers
* Two channels can be connected

Programmable < Maximum 16-bit pulse output, using 16-bit timer as time base
timing pattern

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit
controller (TPC) p to four 4-bit pulse output groups ( it group i

groups)
* Non-overlap mode available
e Output data can be transferred by DMAC

Watchdog * Reset signal can be generated by overflow
timer (WDT), * Usable as an interval timer
1 channel

Serial » Selection of asynchronous or synchronous mode
communication

interface (SCI),
3 channels *  On-chip baud-rate generator

* Full duplex: can transmit and receive simultaneously

* Smart card interface functions added
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Feature Description

A/D converter .

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

A/D conversion can be started by an external trigger or 8-bit timer compare-

match
DMAC can be activated by an A/D conversion end interrupt

D/A converter .

Resolution: 8 bits
Two channels
D/A outputs can be sustained in software standby mode

1/0 ports .

70 input/output pins
9 input-only pins

Operating modes «

Six MCU operating modes
Mode Address Space Address Pins Initial Bus Width

Max. Bus Width

Mode 1 1 Mbyte A to A, 8 bits 16 bits
Mode 2 1 Mbyte A to A, 16 bits 16 bits
Mode 3 16 Mbytes A, to A, 8 bits 16 bits
Mode 4 16 Mbytes A, toA, 16 bits 16 bits
Mode 5 16 Mbytes A, to A, 8 bits 16 bits

Mode 7 1 Mbyte — —

On-chip ROM is disabled in modes 1 to 4

Power-down .
state

Sleep mode

Software standby mode

Hardware standby mode

Module standby function

Programmable system clock frequency division

Other features .

On-chip clock pulse generator
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Feature Description

Product
lineup

Group

Product Code
(Catalog
Product Code)

Regular Product Code Package

(Internal
Product Code)

(Package
Code)

Classification

H8/3069R

HD64F3069RF25

HD64F3069RF25

HD64F3069RF25W

HD64F3069RF25W

HDG64F3069RFBL25

HD64F3069RFBL25

100-pin QFP
(FP-100B)

Regular specifications
with on-chip flash
memory

Wide-range
specifications with on-
chip flash memory

Standard characteristic
specifications with on-
chip flash memory

HD64F3069RTE25

HD64F3069RX25

HDG64F3069RTE25W

HD64F3069RX25W

HD64F3069RTEBL25

HD64F3069RXBL25

100-pin TQFP
(TFP-100B)

Regular specifications
with on-chip flash
memory

Wide-range
specifications with on-
chip flash memory

Standard characteristic
specifications with on-
chip flash memory

RENESAS

Rev. 5.0,

09/04, page 5 of 978



1.2 Block Diagram

Figure 1.1 shows an internal block diagram.
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Figure1l.1 Block Diagram
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1.3

131

Pin Description

Pin Arrangement

The pin arrangement of the H8/3069R FP-100B and TFP-100B packagesis shown in figure 1.2.

v o
x |x [
512122 B QRIET z=2598y
3Tzl 4z > old g I3 <<« <
N T O h T OIE 0|90 R I DO VD N A D RO
D000 000 © OF X 02|l © © © 6 Owiwowiw g N
==Z=Z0o000>XW>Zlwnaaoaoo>a00aooaa
OO00000000000000O0O0O00O00O00O0O0nMnMN
O MO N O O 0N O W S MN- O O 0N O© W S M N o
M IN~NMNMNSMNMNM OO O O © © O© © O O W W WwWWmWWwW W W
AVee ] 76 50 [ P25/A13
Vrer [ 77 49 [ P24/A12
ANo/P7o ] 78 48 [ P23/A11
AN1/P71 ] 79 47 [ P2,/A10
AN/P7; [] 80 46 [IP21/Ag
AN3/P73 ] 81 45 [ P2g/Ag
AN4/P74 ] 82 44 Vss
ANs/P75 [] 83 43[P17/A7
ANg/DA0/P7¢ ] 84 42 [ P1g/Ag
AN7/DA1/P77 ] 85 41[]P1s/As
Avss [] 86 40 [ P1y/A4
IRQo/RFSH/P8y [] 87 Top view 39 [ P13/A3
IRQ1/CS3/P8; [ 88 (FP-100B, TFP-1008) 38 I P1o/A;
IRQ/CS,/P8, [] 89 ' 37 [ P11/A;
TRQ3/CS1/ADTRG/P83 [] 90 36 [1P1o/Ag
‘CSo/P84 [ 91 35[Vee
Vss [ 92 34 [ P37/D15
TPo/TCLKA/TEND/PAg [] 93 33[1P3¢/D14
TP1/TCLKB/TEND1/PA; [] 94 32[1P3s/D13
TP2ITIOCAQITCLKCIPA, [] 95 31 [ P34/D12
TP3/TIOCB/TCLKD/PA3 [] 96 30 [ P33/D11
TP4/TIOCA1/A23/PA4 [ 97 29[ P32/D1g
TPs/TIOCB1/A22/PAs [C] 98 28[1P31/Dg
TPg/TIOCA2/A21/PAs (] 99 27 [ P3o/Dg
TP7/TIOCB,/A20/PA7 [] 100 26 [ P47/D7
N mTbworN0oaa333IBVISTE3IR]I]AIL
U000 ooo
* O o N ™ % 1w © N~ WO d N ® T WO d N Oy §F o ©
cpprppopn0RRRREE ddadsidd
> s s oyl S Lo cuouwouN®  IpD
Eedfaddaddada ERegsseeen eon8
SoEbEeEEE  FFEERD
< 0
R EE S8
SEEEZERZ- X E
BEs & 1
L ‘o hf O
@ x 2]
a o
> 2
(%] N 0.1 puF
0
8 3 T

Note: * When functioning as V¢ pin, the connection of an external capacitor is required.

Figure1.2 Pin Arrangement (FP-100B or TFP-100B, Top View)
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1.3.2 Pin Functions

Table 1.2 summarizes the pin functions.

Tablel1.2 Pin Functions

Pin No.
FP-100B
Type Symbol  TFP-100B 1/O Name and Function
Power Ve 35, 68 Input Power: For connection to the power supply. Connect
all V. pins to the system power supply.
Vg 11, 22,44, Input  Ground: For connection to ground (0 V).
57, 65, 92 Connect all V pins to the 0-V system power supply.
Internal Ve 1 Output Connect an external capacitor between this pin and
step-down GND (0 V). Do not connect to V..
pin
Veu 0.1 uF
du
-
Clock XTAL 67 Input  For connection to a crystal resonator.
For examples of crystal resonator and external clock
input, see section 19, Clock Pulse Generator.
EXTAL 66 Input  For connection to a crystal resonator or input of an
external clock signal. For examples of crystal
resonator and external clock input, see section 19,
Clock Pulse Generator.
(0} 61 Output System clock: Supplies the system clock to external

devices.
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Pin No.

FP-100B
Type TFP-100B 1/O Name and Function
Operating 751073 Input  Mode 2 to mode O: For setting the operating mode,
mode as follows. The H8/3069R can be used only in
control modes 1 to 5, 7. The inputs at the mode pins must
select one of these six modes. Inputs at these pins
must not be changed during operation.
MD, MD, MD,  Operating Mode
0 0 0 —
0 0 1 Mode 1
0 1 0 Mode 2
0 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
1 1 0 —
1 1 1 Mode 7
System 63 Input  Reset input: When driven low, this pin resets the
control chip
10 Input  Write enable signal: Flash memory write control
signal
62 Input  Standby: When driven low, this pin forces a
transition to hardware standby mode
59 Input  Bus request: Used by an external bus master to
request the bus right
60 Output Bus request acknowledge: Indicates that the bus
has been granted to an external bus master
Interrupts 64 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt
17, 16, Input  Interrupt request 5 to 0: Maskable interrupt request
90 to 87 pins
Address 97 to 100, Output Address bus: Outputs address signals
bus 56 to 45,
43 to 36
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Pin No.

FP-100B
Type Symbol  TFP-100B 1/O Name and Function
Databus D, ,toD, 34to23, Input/ Data bus: Bidirectional data bus
21t0 18 output
Bus control @7 to 2105, Output Chip select: Select signals for areas 7 to 0
CS, 88t0 91
AS 69 Output Address strobe: Goes low to indicate valid address
output on the address bus
RD 70 Output Read: Goes low to indicate reading from the external
address space
HWR 71 Output High write: Goes low to indicate writing to the
external address space; indicates valid data on the
upper data bus (D, to D).
LWR 72 Output Low write: Goes low to indicate writing to the
external address space; indicates valid data on the
lower data bus (D, to D).
WAIT 58 Input  Wait: Requests insertion of wait states in bus cycles
during access to the external address space
DRAM RFSH 87 Output Refresh: Indicates a refresh cycle
interface @2 to 89, 88, Output Row address strobe RAS: Row address strobe
CS, 54 signal for DRAM
RD 70 Output Write enable WE: Write enable signal for DRAM
HWR 71 Output Upper column address strobe UCAS: Column
UCAS 6 address strobe signal for DRAM
LWR 72 Output Lower column address strobe LCAS: Column
LCAS 7 address strobe signal for DRAM
DMA DREQ,, 53 Input DMA request 1 and 0: DMAC activation
controller  DREQ, requests
(DMAC) TEND,, 94, 93 Output Transfer end 1 and 0: These signals indicate that
TEND the DMAC has ended a data transfer
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Pin No.

FP-100B
Type Symbol  TFP-100B 1/O Name and Function
16-bit timer TCLKD to 96 to 93 Input  Clock input D to A: External clock inputs
TCLKA
TIOCA,to 99,97,95 Input/ Input capture/output compare A2 to A0: GRA2 to
TIOCA, output GRAO output compare or input capture, or PWM
output
TIOCB, to 100, 98, Input/  Input capture/output compare B2 to BO: GRB2 to
TIOCB, 96 output GRBO output compare or input capture, or PWM
output
8-bit timer TMO,), 2,4 Output Compare match output: Compare match output
T™MO, pins
TMIO,, 3,5 Input/  Input capture input/compare match output: Input
TMIO, output capture input or compare match output pins
TCLKD to 96 to 93 Input  Counter external clock input: These pins input an
TCLKA external clock to the counters.
Program- TP to 9to 2, Output TPC output 15 to 0: Pulse output
mable TP, 100 to 93
timing
pattern
controller
(TPC)
Serial com- TxD, to 8,13,12 Output Transmit data (channels 0, 1, 2): SCI data output
munication TxD,
interface RxD, to 9,15,14  Input Receive data (channels 0, 1, 2): SCI data input
2 p p
SCK,to  7,17,16 Input/  Serial clock (channels 0, 1, 2): SCI clock
SCK, output input/output
A/ID AN, to 851078 Input  Analog 7 to O: Analog input pins
converter AN,
ADTRG 90 Input  A/D conversion external trigger input: External
trigger input for starting A/D conversion
D/A DA, DA, 85,84 Output Analog output: Analog output from the
converter D/A converter
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Pin No.

FP-100B
Type Symbol  TFP-100B 1/O Name and Function
A/D and AV . 76 Input  Power supply pin for the A/D and D/A converters.
D/A Connect to the system power supply when not using
converters the A/D and D/A converters.

AV 86 Input  Ground pin for the A/D and D/A converters. Connect
to system ground (0 V).

Vier 77 Input  Reference voltage input pin for the A/D and D/A
converters. Connect to the system power supply
when not using the A/D and D/A converters.

1/0 ports P1,to P1, 43to 36 Input/  Port 1: Eight input/output pins. The direction of each
output pin can be selected in the port 1 data direction
register (P1LDDR).

P2,to P2, 5210 45 Input/  Port 2: Eight input/output pins. The direction of each

output pin can be selected in the port 2 data direction
register (P2DDR).

P3,to P3, 34to 27 Input/  Port 3: Eight input/output pins. The direction of each

output pin can be selected in the port 3 data direction
register (P3DDR).

P4, to P4, 26to23, Input/ Port 4: Eight input/output pins. The direction of each

21to 18 output pin can be selected in the port 4 data direction
register (P4DDR).

P5, to P5, 56 to 53 Input/  Port 5: Four input/output pins. The direction of each

output pin can be selected in the port 5 data direction
register (P5DDR).

P6,to P6, 61, Input/  Port 6: Seven input/output pins and one input pin.

721069, output The direction of each pin can be selected in the port
60 to 58 6 data direction register (P6DDR).
P7.to P7, 85to 78 Input  Port 7: Eight input pins
P8,to P8, 91to 87 Input/  Port 8: Five input/output pins. The direction of each
output pin can be selected in the port 8 data direction
register (P8DDR).
P9, to P9, 17to 12 Input/  Port 9: Six input/output pins. The direction of each
output pin can be selected in the port 9 data direction
register (PODDR).

PA_ to PA, 100t0 93 Input/  Port A: Eight input/output pins. The direction of each

output pin can be selected in the port A data direction
register (PADDR).

PB,to PB, 9to 2 Input/  Port B: Eight input/output pins. The direction of each

output pin can be selected in the port B data direction

register (PBDDR).
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133 Pin Assignmentsin Each Mode
Table 1.3 lists the pin assignments in each mode.

Table1.3 Pin Assignmentsin Each Mode (FP-100B or TFP-100B)

Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7

1 VCL VCL VCL VCL VCL VCL

2 PB/TPy/ PB/TPy/ PB/TPy/ PB/TPy PB/TPy/ PB/TP/
TMO,/CS, TMO,/CS, TMO//CS, TMO,/CS, TMO,/CS, TMO,

3 PB./TP/ PB./TP/ PB./TP/ PB./TP/ PB./TP/ PB./TP/
T™MIO/ T™MIO/ TMIO/ T™MIO/ T™MIO/ TMIO/
DREQ,/ DREQ,/ DREQ/ DREQ,/ DREQ/ DREQ,
CS, CS, CS, CS, CS,

4 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/
TMO,/CS, TMO,/CS, TMO,/CS, TMO,/CS, TMO,/CS, TMO,

5 PB,/TP,./ PB,/TP,./ PB./TP ./ PB,/TP,./ PB,/TP,./ PB./TP ./
T™MIO/ T™MIO/ TMIO/ T™MIO/ T™MIO/ TMIO/
DREQ,/ DREQ,/ DREQ/ DREQ,/ DREQ,/ DREQ,
CS, CS, CS, CS, CS,

6 PB,/TP/ PB,/TP/ PB,/TP,/ PB,/TP,/ PB,/TP/ PB,/TP,,
UCAS UCAS UCAS UCAS UCAS

7 PB,/TP../ PB,/TP../ PB./TP ./ PB,/TP../ PB,/TP../ PB./TP ./
LCAS/ LCAS/ LCAS/ LCAS/ LCAS/ SCK,
SCK, SCK, SCK, SCK, SCK,

8 PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/
TxD, TxD, TxD, TxD, TxD, TxD,

9 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/
RxD, RxD, RxD, RxD, RxD, RxD,

10 FWE FWE FWE FWE FWE FWE

11 VSS VSS VSS VSS VSS VSS

12 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,

13 P9./TxD, P9./TxD, P9./TxD, P9./TxD, P9./TxD, P9./TxD,

14 P9,/RxD, P9,/RxD, P9,/RXD, P9,/RxD, P9,/RxD, P9,/RXD,

15 P9,/RxD, P9,/RxD, P9./RXD, P9,/RxD, P9,/RxD, P9./RXD,

16 P9,/RQ,/ P9,/IRQ,/ P9./IRQ/ P9,/RQ,/ P9,/IRQ,/ P9./IRQ/
SCK, SCK, SCK, SCK, SCK, SCK,

17 P9,/IRQ/ P9,/IRQ/ P9/IRQ/ P9,/IRQ/ P9,/IRQ/ P9/IRQ/
SCK, SCK, SCK, SCK, SCK, SCK,

18 P4,/D** P4,/D,** P4,/D** P4,/D** P4,/D** P4,

19 P4,/D** P4,/D,** P4,/D** P4,/D,** P4,/D,** P4,

20 P4,/D,** P4,/D,** P4,/D,** P4,/D,** P4,/D,** P4,
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Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7
21 P4./D,* ! P4./D,* 2 P4./D* ! P4./D,* 2 P4./D,* ! P4,
22 Vs Vs Vg Vs Vs Vo
23 P44/D4*1 P44/D4*2 P44/D4*1 P44/D4*2 P44/D4*1 P4,
24 P4,/D* ! P4,/D* 2 P4,/D* ! P4,/D* 2 P4,/D* ! P4,
25 P4,/D* ! P4,/D* 2 P4,/D* ! P4,/D* 2 P4,/D* ! P4,
26 P4./D* ! P4./D* 2 P4./D* ! P4./D* 2 P4./D* ! P4,
27 D, D, D, D, D, P3,
28 D, D, D, D, D, P3,
29 D,, D,, D, D,, D,, P3,
30 D, D, D, D, D, P3,
31 D, D, D, D, D, P3,
32 D,, D,, D,, D,, D,, P3,
33 D,, D,, D, D,, D,, P3,
34 D, D, D, D, D, P3,
35 Ve Ve Ve Ve Ve Ve
36 A, A, A, A, P1/A, P1,
37 A, A, A, A, P1/A, P1,
38 A, A, A, A, P1,/A, P1,
39 A, A, A, A, P1./A, P1,
40 A, A, A, A, P1/A, P1,
41 A, A, A, A, PLJA, P1,
42 A, A, A, A, P1/A, P1,
43 A, A, A, A, PL/A, P1,
44 Vs Vs Vg Vs Vs Vo
45 A, A, A, A, P2/A, P2,
46 A, A, A, A, P2, /A, P2,
47 A, A, A, A, P2,/A,, P2,
48 A, A, A, A, P2JA, P2,
49 A, A, A, A, P2,/A, P2,
50 A, A, A, A, P2J/A,, P2,
51 A, A, A, A, P2/A,, P2,
52 A, A, A, A, P2 /A, P2,
53 A, A, Ay A, P5/A,, P5,
54 A, A, A, A, P5,/A,, P5,
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Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7

55 A, A, A, A, P5,/A,, PS5,

56 A, A, A, A, P5/A,, P5,

57 Vs Vs Ve Vs Vs Ve

58 P6,/WAIT P6,/WAIT P6,/WAIT P6,/WAIT P6,/WAIT P6,

59 P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6,

60 P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6,

61 P6./¢+° P6,/¢+° P6,/¢g*° P6.,/¢+° P6.,/¢+° P6,/g*"

62 STBY STBY STBY STBY STBY STBY

63 RES RES RES RES RES RES

64 NMI NMI NMI NMI NMI NMI

65 Vs Vs Ve Vs Vs Ve

66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL

67 XTAL XTAL XTAL XTAL XTAL XTAL

68 Vcc Vcc VCC Vcc Vcc VCC

69 AS AS AS AS AS P6,

70 RD RD RD RD RD P6,

71 HWR HWR HWR HWR HWR P6,

72 LWR LWR LWR LWR LWR P6,

73 MD, MD, MD, MD, MD, MD,

74 MD, MD, MD, MD, MD, MD,

75 MD, MD, MD, MD, MD, MD,

76 AV AV AV AV AV AV

77 Ve Ve Ve Ve Ve Ve

78 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

79 P7,/AN, P7,/AN, P7/AN, P7,/AN, P7,/AN, P7/AN,

80 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

81 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

82 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

83 P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, P7/AN,

84 P7,/AN/ P7,/AN/ P7/AN/ P7,/AN/ P7,/AN/ P7/AN/
DA, DA, DA, DA, DA, DA,

85 P7./AN/ P7./AN/ P7,/AN/ P7./AN/ P7./AN/ P7,/AN/
DA, DA, DA, DA, DA, DA,

86 AV AV AV AV AV AV

Ss Ss Ss Ss Ss Ss
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Pin No. Pin Name

FP-100B
TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7
87 P8,/IRQ,/ P8,IRQ,/ P8,/IRQ,/ P8,IRQ,/ P8,IRQ,/ P8/IRQ,
RFSH RFSH RFSH RFSH RFSH
88 P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,
CS, CS, CS, CS, CS,
89 P8,RQ,/ P8,IRQ,/ P8,IRQ,/ P8,IRQ,/ P8,IRQ,/ P8,/IRQ,
CS, CS, CS, CS, CS,
90 P8,/IRQ/ P8,/IRQ/ P8,/IRQ,/ P8,/IRQ/ P8,/IRQ/ P8/IRQ,/
CS/ADTRG CS/ADTRG CS/ADTRG CS/ADTRG CS/ADTRG ADTRG
91 P8,/CS, P8,/CS, P8,/CS, P8,/CS, P8,/CS, P8,
92 VSS VSS VSS VSS VSS VSS
93 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/
TEND, TEND, TEND, TEND, TEND, TEND,
94 PAJTP,/ PAJTP,/ PA/JTP, PAJTP,/ PAJTP,/ PA/TP,/
TCLKB/ TCLKB/ ITCLKB/ TCLKB/ TCLKB/ TCLKB/
TEND, TEND, TEND, TEND, TEND, TEND,
95 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC
96 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD
97 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCA, TIOCA, TIOCA/ TIOCA/ TIOCA/ TIOCA,
A23 AZS AZS
98 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCB, TIOCB, TIOCB,/ Tiocs,/ Tiocs,/ TIOCB,
A22 A22 A22
99 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCA, TIOCA, TIOCA,/ TIOCA,/ TIOCA,/ TIOCA,
A21 A21 A21
100 PAJTP,/ PAJTP,/ A, A, PAJTP,/ PAJTP,/
TIOCB, TIOCB, TiocB,/ TIOCB,
A

20

Notes: 1. In modes 1, 3, 5 the P4, to P4, functions of pins P4,/D, to P4./D, are selected after a

reset, but they can be changed by software.

2. In modes 2 and 4 the D, to D, functions of pins P4,/D, to P4./D, are selected after a
reset, but they can be changed by software.

3. Inmodes 1 to 5 the P6. /@ pin is the @ pin after a reset, but it can be changed by
software.

4. In mode 7 the P6. /@ pin is set as the P6, pin after a reset, but it can be changed by
software.
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Section2 CPU

21 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and isideal for reatime control.

211 Features

The H8/300H CPU has the following features.

Upward compeatibility with H8/300 CPU

Can execute H8/300 Series object programs

General-register architecture

Sixteen 16-bit general registers (also usable as sixteen 8-hit registers or eight 32-bit registers)
Sixty-two basic instructions

O 8/16/32-hit arithmetic and logic instructions

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [ @(d: 16, ERn) or @(d:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]

Immediate [#xx:8, #xX:16, or #xx:32]

Program-counter relative [@(d:8, PC) or @(d:16, PC)]

Memory indirect [ @@aa:8]

16-Mbyte linear address space

Oooo0oogoooao

Rev. 5.0, 09/04, page 17 of 978
RENESAS



High-speed operation

O All frequently-used instructions execute in two to four states
O Maximum clock frequency :25 MHz

O 8/16/32-bit register-register add/subtract :80 ns

O 8 x 8-hit register-register multiply :560 ns

O 16 + 8-bit register-register divide :560 ns

O 16 x 16-hit register-register multiply  :880 ns

O 32+ 16-hit register-register divide :880 ns

Two CPU operating modes

O Norma mode

O Advanced mode

L ow-power mode

Transition to power-down state by SLEEP instruction

212 Differences from H8/300 CPU

In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

More general registers

Eight 16-bit registers have been added.

Expanded address space

O Advanced mode supports a maximum 16-Mbyte address space.

O Norma mode supports the same 64-kbyte address space as the H8/300 CPU.
(Normal mode cannot be selected in the H8/3069R.)

Enhanced addressing

The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

Enhanced instructions
O Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
O Signed multiply/divide instructions and other instructions have been added.
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2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes.

Maximum 64 kbytes, program

*
Normal mode and data areas combined

CPU operating modes

Maximum 16 Mbytes, program

Ad d mod
vanced mode and data areas combined

Note: * Cannot be selected in H8/3069R

Figure2.1 CPU Operating Modes
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2.3 Address Space

Figure 2.2 shows a simple memory map for the H8/3069R. The H8/300H CPU can address a
linear address space with a maximum size of 64 kbytesin norma mode, and 16 Mbytesin
advanced mode. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'0000 H'00000 H'000000
H'FFFF
H'FFFFF
H'FFFFFF
a. 1-Mbyte mode b. 16-Mbyte mode
Normal mode* Advanced mode

Note: * Cannot be selected in H8/3069R

Figure2.2 Memory Map
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24 Register Configuration

24.1 Overview

The H8/300H CPU has the internal registers shown in figure 2.3. There are two types of registers:

general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1l R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ERS5 ES5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 0

PC |

[Legend]

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

ul: User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNzcZIT

76543210
ccr |1 ullH|uln|z|vc]

Figure2.3 CPU Registers
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24.2 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registers are all functionally
alike and can be used without distinction between data registers and address registers. When a
general register is used as a data register, it can be accessed as a 32-hit, 16-hit, or 8-hit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2.4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

» Address registers
e 32-bit registers » 16-bit registers * 8-bit registers

E registers
— (extended registers)
EO to E7

ER registers RH registers
ERO to ERY ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure2.4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.5 shows the
stack.

/\/

Free area

SP (ER7) —

Stack area

/\/

Figure2.5 Stack

24.3 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-bit condition code register
(CCR).

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU
will execute. The length of all CPU instructionsis 2 bytes (one word), so the least significant PC
bit isignored. When an instruction is fetched, the least significant PC bit is regarded as 0.

Condition Code Register (CCR): This 8-bit register containsinternal CPU status information,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. NMI is accepted
regardless of the | bit setting. The | bit is set to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details see section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): Whenthe ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.
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Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC ingtructions.

Bit 3—Negative Flag (N): Storesthe value of the most significant bit of data, regarded asthe
sign bit.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when acarry is generated by execution of an operation, and
cleared to O otherwise. Used by:

« Addinstructions, to indicate a carry
¢ Subtract instructions, to indicate a borrow
¢ Shift and rotate instructions

The carry flag isalso used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

2.4.4 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRisset to 1. The other CCR hits and the general registers are not initialized. In particular,
theinitial value of the stack pointer (ER7) is also undefined. The stack pointer (ER7) must
therefore beinitialized by an MOV .L instruction executed immediately after a reset.
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2.5 Data Formats
The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-hit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1,

2, ..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as
two digits of 4-bit BCD data.

251 General Register Data For mats

Figures 2.6 and 2.7 show the data formats in general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don'tcare |

1-bit data RnL : Don’t care EE

7 43 o

4-bit BCD data RnH Don't care .

________________ 7 43 0

4-bit BCD data RnL : Don't care

7 o
Byte data RnH I::j Don't care I
MSB ts8
________________ 7 0
Byte data RnL I Don’t care [::I
MSB LSB

[Legend]

RnH: General register RH
RnL: General register RL

Figure2.6 General Register Data Formats
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General

DataType Register  Data Format
15 0
Word data Rn | ‘ ‘
MSB LSB
15 ‘0
Word data En | L . |
MSB LSB
31 _1615 0
Longword data ERn | L L
MSB LSB

[Legend]

ERn: General register
En:  General register E
Rn:  General register R
MSB: Most significant bit
LSB: Least significant bit

Figure2.7 General Register Data Formats
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252 Memory Data For mats

Figure 2.8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an
attempt is made to access word or longword data at an odd address, no address error occurs but
the least significant bit of the addressis regarded as 0, so the access starts at the preceding address.
This also appliesto instruction fetches.

Data Type Address Data Format
7 0
1-bit data Address L 7]e6|s]al3|2]1]0
Byte data Address L MSB: - :LSB
Word data Address 2M MSB: ‘
Address 2M + 1 LsB
Address 2N MSB:
Longword data Address 2N + 1 |
Address 2N + 2 ‘
Address 2N + 3 LsB

/\/

Figure2.8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 Instruction Set

26.1 Instruction Set Overview
The H8/300H CPU has 62 types of instructions, which are classified in table 2.1.

Table2.1 Instruction Classification

Function Instruction Types

Data transfer MOV, PUSH*!, POP**, MOVTPE*?, MOVFPE*? 3

Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations AND, OR, XOR, NOT 4

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bce*®, JMP, BSR, JSR, RTS 5

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9

Block data transfer EEPMOV 1

Total 62 types
Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
2. Not available in the H8/3069R.
3. Bcc is a generic branching instruction.
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26.2 Instructions and Addressing Modes

Table 2.2 indicates the instructions available in the H8/300H CPU.

Table2.2 Instructionsand Addressing M odes

Addressing Modes

@ @ @ @
(d:16, (d:24, @ERn+/ @ @ @ (d:8, (d:16, @@

Function Instruction #xx Rn @ERn ERn) ERn) @-ERn aa8 aa:16 aa:24 PC) PC) aa:8 —
Data MOV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
transfer

POP, PUSH — — — — — — — — — — — — WL

MOVFPE, — — — — — — — — — _ _ _ _

MOVTPE
Arithm_etic ADD, CMP BWL BWL — — — — — — — — — — —
operations

SuB WL BWL — — — — — — — — — — —

ADDX, SUBX B B — — — — — — — — — — —

ADDS, SUBS — L — — — — — — — — — — —

INC, DEC — BWL — — — — — — — — — — —

DAA, DAS — B — — — — — — — — — — —

MULXU, — BW — — — — — — — — — — —

MULXS,

DIVXU,

DIVXS

NEG — BWL — — — — — — — — — — —

EXTU, EXTS — WL — — — — — — — — — — —
Logic AND, OR, XOR — BWL — — — — — — — — — — —
operations

NOT — BWL — — — — — — — — — — —
Shift instructions — BWL — — — — — — — — — — _
Bit manipulation — B B — — — B — — — — _ _
Branch Bcc, BSR — — — — — — — — — — — _ _

JMP, JSR — — O — — — — — — O O — _

RTS — — — — — — — — O — — O —
System TRAPA — — — — — — — — — — — — O
control RTE — — — — — — — — — — — — o

SLEEP — — — — — — — — — — — — O

LDC B B w w w w — w w — — — O

STC — B w W W w — w w — — — —

ANDC, ORC, B — — — — — — — — _ _ _ _

XORC

NOP — — — — — — — — — — — — O
Block data transfer — — — — — — — — — — — — BW

RENESAS
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26.3 Tables of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The operation notation
used in these tablesis defined next.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERN General register (32-bit register or address register)
(EAd) Destination operand
(EASs) Source operand

CCR Condition code register

N N (negative) flag of CCR
z Z (zero) flag of CCR

\% V (overflow) flag of CCR
C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

=+ Division

O AND logical

d OR logical

O Exclusive OR logical

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table2.3

Data Transfer Instructions

Instruction Size*

Function

MOV

B/WI/L

(EAs) - Rd, Rs - (EAd)

Moves data between two general registers or between a general register and
memory, or moves immediate data to a general register.

MOVFPE

(EAs) - Rd
Cannot be used in this LSI.

MOVTPE

Rs - (EAs)
Cannot be used in this LSI.

POP

WiIL

@SP+ - Rn

Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. Similarly, POP.L ERn is identical to MOV.L @SP+, ERn.

PUSH

WiIL

Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to MOV.W
Rn, @-SP. Similarly, PUSH.L ERn is identical to MOV.L ERn, @—-SP.

Note:

*

Size refers to the operand size.

B: Byte
wW:  Word
L: Longword
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Table2.4

Arithmetic Operation Instructions

Instruction Size*

Function

ADD,SUB B/W/L Rdz*Rs - Rd,Rd +#MM - Rd
Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data cannot
be subtracted from data in a general register. Use the SUBX or ADD
instruction.)

ADDX, B Rd+Rs+C - Rd, Rd+ #MM+ C - Rd

SUBX Performs addition or subtraction with carry or borrow on data in two general
registers, or on immediate data and data in a general register.

INC, BW/LL Rd+1 - Rd,Rd:*2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands can
be incremented or decremented by 1 only.)

ADDS, L Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA, B Rd decimal adjust — Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 bits - 16 bits or 16 bits x 16 bits - 32 bits.

MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general registers:
either 8 bits x 8 bits - 16 bits or 16 bits x 16 bits - 32 bits.

DIVXU B/W Rd+Rs - Rd
Performs unsigned division on data in two general registers: either 16 bits +
8 hits — 8-hit quotient and 8-bit remainder or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder

DIVXS B/W Rd+Rs - Rd
Performs signed division on data in two general registers: either 16 bits + 8
bits - 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder

CMP B/W/L Rd-Rs, Rd-#IMM
Compares data in a general register with data in another general register or
with immediate data, and sets CCR according to the result.

NEG B/W/L 0-Rd - Rd

Takes the two’s complement (arithmetic complement) of data in a general
register.
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Instruction Size* Function

EXTS Wi/L Rd (sign extension) —» Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by extending the sign bit.

EXTU WI/L Rd (zero extension) - Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by padding with zeros.

Note: * Size refers to the operand size.
B: Byte
wW:  Word
L: Longword

Table25 Logic Operation Instructions

Instruction Size* Function

AND B/W/L RdORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and another general
register or immediate data.

OR B/W/L RdORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register and another general
register or immediate data.

XOR B/W/L RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general register and another
general register or immediate data.

NOT B/W/L -Rd - Rd

Takes the one's complement (logical complement) of general register
contents.

Note: * Size refers to the operand size.

B: Byte
wW:  Word
L: Longword
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Table2.6

Shift Instructions

Instruction Size*  Function

SHAL, B/W/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
SHLL, B/W/L Rd (shift) - Rd

SHLR Performs a logical shift on general register contents.
ROTL, B/W/L Rd (rotate) - Rd

ROTR Rotates general register contents.

ROTXL, B/W/L Rd (rotate) — Rd

ROTXR Rotates general register contents, including the carry bit.
Note: * Size refers to the operand size.

B: Byte
wW:  Word
L: Longword
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Table2.7

Instruction Size*

Bit Manipulation I nstructions

Function

BSET

B

1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BCLR

0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BNOT

- (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BTST

- (<bit-No.> of <EAd>) — Z

Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit immediate
data or the lower 3 bits of a general register.

BAND

C O (<bit-No.> of <EAd>) — C

ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND

C O [~ (<bit-No.> of <EAd>)] - C

ANDs the carry flag with the inverse of a specified bit in a general register or
memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

BOR

C O(<bit-No.> of <EAd>) - C

ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR

C O[~ (<bit-No.> of <EAd>)] - C

ORs the carry flag with the inverse of a specified bit in a general register or
memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

BXOR

C O (<bit-No.> of <EAd>) -~ C

Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIXOR

C O [ (<bit-No.> of <EAd>)] -~ C

Exclusive-ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.
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Instruction Size* Function

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to the carry
flag.

BILD B - (<bit-No.> of <EAd>) -~ C

Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.

The bit number is specified by 3-bit immediate data.

BST B C - (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B C - - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a general
register or memory operand.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.
B: Byte
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Table2.8

Instruction Size

Branching Instructions

Function

Bcc — Branches to a specified address if address specified condition is met. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High ciz=0
BLS Low or same chz=1
Bcc (BHS) Carry clear (high or same) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONNDOWV)=0
BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

RENESAS
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Table 2.9

Instruction Size*

System Control Instructions

Function

TRAPA — Starts trap-instruction exception handling
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition to the power-down state
LDC B/W (EAs) - CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory, data is
read by word access.
STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by word
access.
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.
XORC B CCRO#IMM - CCR
Logically exclusive-ORs the condition code register with immediate data.
NOP — PC+2 - PC
Only increments the program counter.
Note: * Size refers to the operand size.

B:
W:  Word

Byte
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Table2.10 Block Transfer Instruction

Instruction Size Function

EEPMOV.B — if R4L # 0 then
repeat @ER5+ -~ @ER6+, R4AL-1 - RAL
until R4L =0
else next;

EEPMOV.W — if R4 # 0 then
repeat @ER5+ -~ @ER6+, R4-1 - R4
until R4=0
else next;

Block transfer instruction. This instruction transfers the number of data bytes
specified by R4L or R4, starting from the address indicated by ERS5, to the
location starting at the address indicated by ER6. At the end of the transfer,
the next instruction is executed.

264 Basic I nstruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OP field), aregister field (r field), an effective address extension (EA field), and a condition
field (cc field).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation
to be carried out on the operand. The operation field always includes the first 4 bits of the
instruction. Some instructions have two operation fields.

Register Field: Specifiesageneral register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

Effective Address Extension: 8, 16, or 32 hits specifying immediate data, an absolute address, or
adisplacement. A 24-bit address or displacement is treated as 32-bit data in which the first 8 bits
are 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.
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Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ n ‘ rm

MOV.B @(d:16, Rn), Rm
EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats

2.6.5 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers
with write-only bits, or to access ports.

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

3 Write Write the modified data byte back to the specified address

Example 1. BCLR is executed to clear hit 0 in the port 4 data direction register (PADDR) under
the following conditions.

P47, P4g:  Input pins
P45 — P4g:  Output pins

Theintended purpose of this BCLR instruction is to switch P4 from output to input.

Before Execution of BCLR Instruction

P4, P4g P45 P4, P4, P4, P4, P4,
Input/output  Input Input Output  Output  Output Output  Output  Output
DDR 0 0 1 1 1 1 1 1
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Execution of BCLR Instruction
BCLR #0, @P4DDR ;Clear bit 0 in data direction register

After Execution of BCLR Instruction

P4, P4g P4g P4, P43 P4, P4, P4,
Input/output  Output  Output  Output  Output  Output  Output  Output Input
DDR 1 1 1 1 1 1 1 0

Explanation: To execute the BCLR instruction, the CPU begins by reading PADDR. Since
PADDR isawrite-only register, it isread as H'FF, even though its true value is H'3F.

Next the CPU clears bit 0 of the read data, changing the value to H'FE.
Finally, the CPU writesthis value (H'FE) back to PADDR to complete the BCLR instruction.

Asaresult, P4gDDR is cleared to 0, making P4 an input pin. In addition, P47;DDR and P4gDDR
are set to 1, making P47 and P4g output pins.

The BCLR instruction can be used to clear flagsin the on-chip registersto 0. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.
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2.7 Addressing Modes and Effective Address Calculation

271 Addressing M odes

The H8/300H CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit
number in the operand.

Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16, ERn)/@(d:24, ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #XX:8/#XX:16/#xx:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8

1 Register Direct—Rn: Theregister field of the instruction code specifies an 8-, 16-, or 32-bit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-hit registers.
RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified as 32-bit
registers.

2 Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn), the lower 24 bits of which contain the address of the operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-hit
displacement contained in the instruction code is added to the contents of an address register
(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of amemory operand. A 16-hit displacement is sign-extended when added.
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4 Register Indirect with Post-Increment or Pre-Decr ement—@ERN+ or @-ERN:

* Register indirect with post-increment—@ERN+
Theregister field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand isaccessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

» Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result become the address of a memory
operand. The result is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the
resulting register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa:24: The instruction code contains the absolute
address of amemory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 bitslong (@aa:24). For an 8-bit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-hit absolute address the upper 8 bits are asign extension. A
24-hit absolute address can access the entire address space. Table 2.12 indicates the accessible
address ranges.

Table2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFOO0 to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

6 Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction code contains 8-bit (#xx:8), 16-bit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. Theinstruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.
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7 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismode is used in the Bcc and
BSR instructions. An 8-hit or 16-bit displacement contained in the instruction codeis sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to

+32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value should
be an even number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The
first byte of the memory operand isignored, generating a 24-bit branch address. See figure 2.10.
The upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is
0 to 255 (H'000000 to H'0000FF). Note that the first part of this range is also the exception vector
area. For further details see section 5, Interrupt Controller.

/\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification

When aword-size or longword-size memory operand is specified, or when a branch addressis
specified, if the specified memory addressis odd, the least significant bit isregarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,
Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2.13 explains how an effective address is calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to
generate a 20-bit effective address.
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has five processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-released state. The power-down state includes sleep
mode, software standby mode, and hardware standby mode. Figure 2.11 classifies the processing
states. Figure 2.13 indicates the state transitions.

Processing states F% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Bus-released state |

The external bus has been released in response to a bus request
signal from a bus master other than the CPU

% Reset state |

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure2.11 Processing States
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282 Program Execution State

In this state the CPU executes program instructions in normal seguence.

283 Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branches to that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at al times in the program execution state.

Table2.14 Exception Handling Typesand Priority

Priority  Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts immediately
when RES changes from low to high
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end of
exception handling* the current instruction or current
exception-handling sequence
Trap instruction When TRAPA instruction Exception handling starts when a trap
Low is executed (TRAPA) instruction is executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

Figure 2.12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.

Reset

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure2.12 Classification of Exception Sources
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Bus request

End of bus release

End of bus

Program execution state>
release

SLEEP
instruction
with SSBY =0

Bus
request

Sleep mode >

»

C Bus-released state >

Exception
handling source

End of
exception
handling

S
with SSBY =1

|nterrup source LEEP instruction
NMI, IRQq, IRQ 5,
I or IRQ;, interrupt

<Excepti0n—handling statej< ‘ \%Software standby mode >

A

RES = "High"

Gardware standby mode *3

Power-down state

C "\ _STBY="High", RES ="Low"
Reset state "1

-

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs
whenever RES goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2.13 State Transitions
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284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NMI, are disabled during the reset exception-handling sequence and immediately after it
ends.

Interrupt Exception Handling and Trap Instruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushesthe
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) is set to 1, the CPU setsthe | bit in the condition code register to 1. If the UE bit
is cleared to 0, the CPU sets both the | bit and the Ul bit in the condition code register to 1. Then
the CPU fetches a start address from the exception vector table and execution branches to that
address.

Figure 2.14 shows the stack after the exception-handling sequence.

\\\‘_'/////”__“\\ \\\‘_'/////”__“\\

SP-4 SP (ER7) —» CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) -1 Stack area SP+4 Even

n B | address

\\\_'////”_*\\\ \\\_'/////’__\\\

Before exception » After exception
handling starts Pushed on stack handling ends

Legend
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2.14 Stack Structure after Exception Handling
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2.85 Bus-Released State

In this state the bus is rel eased to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU are the DMA controller, the DRAM interface, and an external
bus master. While the bus is released, the CPU halts except for internal operations. Interrupt
requests are not accepted. For details see section 6.10, Bus Arbiter.

2.8.6 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The
| bit in the condition code register is set to 1 by areset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details see section 12,
Watchdog Timer.

2.8.7 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes: sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY hit iscleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bhitissetto 1in SY SCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but aslong
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The I/O ports aso remain in their existing states.

Hardware Standby Mode; A transition to hardware standby mode is made when the STBY input
goes low. Asin software standby mode, the CPU and all clocks halt and the on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 20, Power-Down State.
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29 Basic Operational Timing

29.1 Overview

The H8/300H CPU operates according to the system clock (g). The interval from onerise of the
system clock to the next rise isreferred to asa “state.” A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.

292 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data bus is 16 bits wide, permitting both byte and
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicatesthe pin
states.

Bus cycle

|
|
|

-— T, state %Tz state —»

: B W e W

Internal address bus X Address X

Internal read signal \ y
Internal data bus : : \
(read access) :>—< ‘Read data —

Internal write signal ‘ ‘\—/7
Internal data bus : ( — >
(write access) J _Write data

Figure2.15 On-Chip Memory AccessCycle
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o N W W

Address bus X Address X

AS, RD, HWR, LWR

Dy5to Do ‘

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bits wide,
depending on the internal 1/O register being accessed. Figure 2.17 shows the on-chip supporting
modul e access timing. Figure 2.18 indicates the pin states.

Bus cycle

|
|
[ -
el
|
|

-+— T, state % T, state % T3 state —»

Address bus Address

Internal read signal

Read

access |
) Internal write signal ‘\ ‘ / !

Write ! ;

access ; ; |

Internal data bus

.

Write déta

Internal data bus :>_< Read data

Figure2.17 Access Cyclefor On-Chip Supporting M odules
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Address bus X Address ><:

High impedance

D15 to Dg

Figure2.18 Pin Statesduring Accessto On-Chip Supporting Modules

294 Accessto External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each areais accessed via an 8-bit or 16-bit bus, and whether it is accessed in
two or three states. For details see section 6, Bus Controller.
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Section 3 MCU Operating Modes

31 Overview

311 Operating Mode Selection

The H8/3069R has six operating modes (modes 1 to 5, 7) that are selected by the mode pins (MD,
to MD,) asindicated in table 3.1. The input at these pins determines the size of the address space
and the initial bus mode.

Table3.1 Operating Mode Selection

Description
Operating Mode Pins Initial Bus On-Chip  On-Chip
Mode MD, MD, MD, Address Space Mode** ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 hits Disabled Enabled*’
Mode 2 0 1 0 Expanded mode 16 bits Disabled Enabled*’
Mode 3 0 1 1 Expanded mode 8 hits Disabled Enabled*’
Mode 4 1 0 0 Expanded mode 16 bits Disabled Enabled*’
Mode 5 1 0 1 Expanded mode 8 hits Enabled  Enabled*’
— 1 1 0 — — — —
Mode 7 1 1 1 Single-chip advanced — Enabled Enabled

mode

Notes: 1. In modes 1 to 5, an 8-bit or 16-bit data bus can be selected on a per-area basis by
settings made in the area bus width control register (ABWCR). For details see
section 6, Bus Controller.

2. If the RAME bit in SYSCR is cleared to 0, these addresses become external
addresses.

For the address space size there are two choices: 1 Mbyte or 16 Mbyte. The external databusis
either 8 or 16 bits wide depending on ABWCR settings. If 8-bit access is selected for all areas, 8-
bit bus mode is used. For details see section 6, Bus Controller.

Modes 1 to 4 are externally expanded modes that enable access to external memory and peripheral
devices and disable access to the on-chip ROM. Modes 1 and 2 support a maximum address space
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes.
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Mode 5 is an externally expanded mode that enables access to external memory and peripheral
devices and also enables access to the on-chip ROM. Maode 5 supports a maximum address space
of 16 Mbytes.

Mode 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers, and
makes al 1/0 ports available. Mode 7 supports a maximum address space of 1 Mbyte.

The H8/3069R can be used only in modes 1 to 5, 7. The inputs at the mode pins must select one of
these six modes. The inputs at the mode pins must not be changed during operation.

312 Register Configuration

The H8/3069R has a mode control register (MDCR) that indicates the inputs at the mode pins
(MD, to MD,), and a system control register (SY SCR). Table 3.2 summarizes these registers.

Table3.2 Registers

Address* Name Abbreviation R/W Initial Value
H'EEO11 Mode control register MDCR R Undetermined
H'EEO012 System control register SYSCR R/W H'09

Note: * Lower 20 bits of the address in advanced mode.
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3.2 Mode Control Register (MDCR)

MDCR is an 8-hit read-only register that indicates the current operating mode of the
H8/3069R.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: * Determined by pins MD, to MDy,.

Bits 7 and 6—Reserved: These bits can not be modified and are alwaysread as 1.
Bits 5 to 3—Reserved: These bits can not be modified and are always read as 0.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the logic levels at pins
MD, to MD, (the current operating mode). MDS2 to MDSO correspond to MD, to MD,. MDS2 to
MDSO are read-only bits. The mode pin (MD, to MD,) levels are latched into these bits when

MDCR isread.

Note: A product with on-chip flash memory can operate in boot mode in which flash memory
can be programmed. In boot mode, the MDS2 bit indicates the logic level at pin MD,,
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3.3 System Control Register (SYSCR)

SY SCR isan 8-hit register that controls the operation of the H8/3069R.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

|
RAM enable
Enables or
disables
on-chip RAM

Software standby output
port enable

Selects the output state

of the address bus

and bus control signals

in software standby mode

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use the Ul bitin CCR
as a user bit or an interrupt mask bit

Standby timer select 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 20, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0): These bits select the length of time
the CPU and on-chip supporting modules wait for the internal clock oscillator to settle when
software standby mode is exited by an external interrupt.

When using a crystal oscillator, set these bits so that the waiting time will be at least 7 ms at the
system clock rate.

For further information about waiting time selection, see section 20.4.3, Selection of Waiting
Time for Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)

Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 262,144 states

Waiting time = 1,024 states

PR R|[Rr|o|lo|o
N E= =1 =]
Rl o|lr|lo|r|lo|kr

lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register asa
user bit or an interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bit in CCR is used as a user bit (Initial value)

Bit 2—NM I Edge Select (NMIEG): Selectsthe valid edge of the NMI input.

Bit 2

NMIEG  Description

0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI
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Bit 1—Softwar e Standby Output Port Enable (SSOE): Specifies whether the address bus and
bus control signals (CS, to CS,, AS, RD, HWR, LWR, UCAS, LCAS, and RFSH) are kept as
outputs or fixed high, or placed in the high-impedance state in software standby mode.

Bit 1

SSOE Description

0 In software standby mode, the address bus and bus control signals are all high-
impedance (Initial value)

1 In software standby mode, the address bus retains its output state and bus control

signals are fixed high

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized by the rising edge of the RES signal. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

3.4 Operating Mode Descriptions

34.1 Mode 1

Ports 1, 2, and 5 function as address pins A , to A,, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 8 bits, with 8-bit accessto al areas. If at least
one areais designated for 16-bit accessin ABWCR, the bus mode switchesto 16 hits.

34.2 Mode 2

Ports 1, 2, and 5 function as address pins A , to A, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 16 bits, with 16-bit accessto all areas. If all
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits.

34.3 Mode 3

Ports 1, 2, 5, and part of port A function as addresspins A, to A, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-bit access to
all areas. If at least one areais designated for 16-bit accessin ABWCR, the bus mode switches to
16 bits. A, to A,, are valid when O iswritten in bits 7 to 5 of the bus release control register
(BRCR). (Inthismode A, is always used for address output.)
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3.4.4 Mode 4

Ports 1, 2, 5, and part of port A function as addresspins A, to A, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 16 hits, with 16-bit access
to all areas. If al areas are designated for 8-bit accessin ABWCR, the bus mode switches to

8 bits. A, to A, arevalid when O iswritten in bits 7 to 5 of BRCR. (In thismode A, is always
used for address output.)

3.4.5 Mode5

Ports 1, 2, 5, and part of port A can function as address pins A, to A, permitting accessto a
maximum 16-Mbyte address space, but following areset they are input ports. To use ports 1, 2,
and 5 as an address bus, the corresponding bitsin their data direction registers (PLDDR, P2DDR,
and PSDDR) must be set to 1. For A, to A, output, write O in bits 7 to 4 of BRCR. Products with
on-chip flash memory support on-board programming which enables programming of the flash
memory. Theinitial bus mode after areset is 8 bits, with 8-bit accessto all aress. If at least one
areais designated for 16-bit accessin ABWCR, the bus mode switches to 16 bits.

3.4.6 Mode 7

This mode operates using the on-chip ROM, RAM, and registers. All 1/0O ports are available.
Mode 7 supports a 1-Mbyte address space.

Products with on-chip flash memory support on-board programming which enables programming
of the flash memory.
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3.5

Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 5, A and port 6, vary depending on the operating mode. Table 3.3
indicates their functions in each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7

Portl A to A, A t0 A, A t0 A, A to A, P1,to P1*? P1,to P1,

Port2 A, t0A, A, to A, A, to A, A to A, P2, to P2 ** P2,to P2,

Port3 D, to D, D, to D, D, to D, D, to D, D, to D, P3, to P3,

Port4 P4, to P4** D, to D,** P4, to P4+ D, to D** P4, to P4+ P4, to P4,

Port5 A t0A, A t0 A, A t0 A, A t0 A, P5, to P5** P5, to P5,

Port6, @° @° @° @¢*° @¢*° P6, **

Port A PA, to PA, PA, to PA, PA, to PA,, PA, to PA,, PA, to PA** PA, to PA,
A A

Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These pins function

as P4, to P4, in 8-bit bus mode, and as D, to D, in 16-bit bus mode.

data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.

A, output by writing O in bits 7 to 5 of BRCR.

BRCR.

mode 7 P6, can be set to ¢ output by writing 0 to bit 7 in MSTCRH.

Rev. 5.0, 09/04, page 64 of 978

RENESAS

Initial state. These pins become address output pins when the corresponding bits in the
Initial state. A, is always an address output pin. PA, to PA, are switched over to A, to
Initial state. PA, to PA, are switched over to A, to A, output by writing 0 in bits 7 to 4 of

Initial state. In modes 1 to 5 ¢, can be set as P6, by writing 1 to bit 7 in MSTCRH. In



3.6 Memory Map in Each Operating Mode

Figures 3.1 and 3.2 show memory maps of the H8/3069R. The address space is divided into eight
areas.

The EMC bit in BCR can be read and written to select either of the two memory maps. For details,
see section 6.2.5, Bus Control Register (BCR).

Theinitial bus mode differs between modes 1 and 2, and also between modes 3 and 4.

The address locations of the on-chip RAM and on-chip registers differ between the 1-Mbyte
modes (modes 1, 2, and 7), and the 16-M byte modes (modes 3, 4, and 5). The address range
specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and @aa: 16) aso
differs.

3.6.1 Note on Reserved Areas

The H8/3069R memory map includes reserved areas to which read/write accessiis prohibited.
Note that normal operation is not guaranteed if the following reserved areas are accessed.

e Thereserved areain theinternal 1/0 register space.

The H8/3069R internal 1/0 register space includes a reserved area to which accessis
prohibited. For details see appendix B, Internal 1/0 Registers.
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(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'EEO00

H'EEOFF

H'F8000

H'FBF1F
H'FBF20

H'FFFO0
HFFFL1F
H'FFF20

H'FFFE9
H'FFFEA

H'FFFFF

Modes 1 and 2

Vector area

Internal 1/10
registers (1)

External address

Internal 1/10
registers (2)

External
address
space

H'000000

H'0000FF

Memory-indirect
branch addresses

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FEEO00

H'FEEOFF

H'FF8000

HFFBFLF
H'FFBF20

H'FFFFO0

HFFFF1F
HFFFF20

H'FFFFE9
HFFFFEA

H'FFFFFF

Note: * External addresses can be accessed by disabling on-chip RAM.

Modes 3 and 4

(16-Mbyte expanded modes with
on-chip ROM disabled)

Vector area =81
------------- 3% |5
£813,
""""""" -Eg |9
50 |8
55|58
E2 |43
R © T
s5,7°
Area 0
Area 1
Area 2
External
address Area 3
space
Area 4
Area 5
Area 6
Area 7
Internal 1/0
registers (1)
External address
space
On-chip RAM* 9 2
------------- @ 1
¢ ¢
o
R
Internal /0 @ &
R p}
registers (2) g 3
2 |8
External s -
address 5 2
space @ =

Figure3.1(1) H8/3069R Memory Map in Each Operating Mode (EMC = 1)
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Mode 5
(16-Mbyte expanded mode with
on-chip ROM enabled)

Mode 7
(single-chip advanced mode)

H'000000 e H'00000 [ T4& "1~
Vector area 3 Vector area 2
_____________ Scn |2 eeeeeeee---] | B0 |2
285 84|53
H'0000FF |.___________] 135|139 H'O00FF |____________] 13835|39
= % % 7] = '% % 7]
g_: = @ On-chip ROM g; = g
onchpROM | £2 (23 ES |28
g Clad % g - ®
HOOTFFF || =2y HO7FFF |- e 28y
H'O7FFFF
H'080000 ,
HiFFFFF| | Areald H7FFFF
H'200000
H3FFFFF| | Areal
H'400000
HSFFFFF| | Area2
H'600000 | External address
H7FFFFF| ___space __|Areas3
H'800000
HOFFFFF | __.___] Aread
H'A00000
HBFFFFF|. ...l Area5
H'C00000 g
. Area 6 H'EE000
HDFFFFF| LT Internal 1/O
H'E00000 Area 7 registers (1)
H'EEOFF
H'FEEO00
Internal 1/0 H'F8000 -------""-"""-""""77 S
registers (1) a
H'FEEOFF . a
) Exterr;alaigdress HFBF20 On-chip RAM 2 u,_"a’
H'FF8000 | ___S pace | H'FFFOO [------------ T8 §
H'FFBF1F HFFF1F 3 |2
H'FFBF20 - » H'FFF20 & |2
.  On-chip RAM* | g b Internal /O > 2
H'FFFF00 2 ﬁ registers(2) 2 |®
H'FFFF1F S |5 H'FFFE9 2 |3
H'FFFF20 Internal 1/0 ; E g =1
HEFEFES registers (2) % 5 ) >
H'FFFFEA 2 |3 HFFFFF Y Y.
External < <
address = =
space ® &
HFFFFFFL_______ Y ____1¥=s —_

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1(2) H8/3069R Memory Map in Each Operating Mode (EMC = 1)
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Modes 1 and 2

(1-Mbyte expanded modes with
on-chip ROM disabled)

Modes 3 and 4

(16-Mbyte expanded modes with
on-chip ROM disabled)

\ Ry \
H00000 Vector area 58l H000000 Vector area 5 § 2
______________ 0 |3 b o0 |2
55189 L1389
HOOOFF | ________..__. 1£35 |88 H'O000FF | ________.___. AR BT
g% 52 g‘; 5 g
Ec |5 £E2 |83
[ Q - © e} S — ©
HO7FFF | ... 28y __ HOO7FFF | ____________.| 28y _
HIFFFF | | Area0 Area 0
H20000 H1FFFFF | |
H3FFFF | ...l Areal H200000
H'40000
HSFFFF | . ____| Aeaz Area 1
H'60000 | External address | area 3 H3FFFFF | L. .
H7FFFF | ____ ¢ space ___ | H'400000
H'80000
HOFFFF || Aread Area 2
H'A0000 k
Area 5 HS5FFFFF | L.
:8550':('): ________________________ H'600000
' Area 6 External address
HDFFFF | _____|"" s space Area 3
H'E0000 Area 7 H7FFFFF |l
H'EE000 H'800000
Internal I/O Area 4
registers (1) .
H'EEOFF S
External address
______ space |l ______ Area 5
H'F8000
HBFFFFF | _ L.
H'FBEDF H'C00000
H'FBEEO ]
On-chip RAM* 8 Area 6
o H:DFFFFF ________________________
H'FFE7F g H'E00000
H'EFES0 Internal I/O g Area 7
registers (2) I \
H'FFEFF - % H'FEEO000 /o
H'FFF00 | External address 2 Internal |
space < R registers (1)
0 Q =
E,EEE;S 5 o ﬁ External address
-chi * ° space
On-chip RAM E g |3 HEE8000 F---- Pl
H'FFFDF < 2
HFFFEQ | Internal /O £35 HFFBEDF
' registers (3) 9&3?@”” H'FFBEEO "
HFFFFF On-chip RAM* g
4
H'FFFE7F 3
H'FFFES0 Internal I/O § E
registers (2) 2 Q
H'FFFEFF 5 |2
HFFFFO0 | External address | 1 5 2
space P |
H'FFFF7F 5 s
HFFFFE0 | onchipram* || & |3
H'FFFFDF o
H'FFEFEO Internal I/O 5
registers (3) ]
HFFFFFF L——+— 1t 1

Note: * This area becomes external address space when on-chip RAM is disabled.

Figure3.2(1) H8/3069R Memory Map in Each Operating Mode (EMC = 0)
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Mode 5 Mode 7
(16-Mbyte expanded mode with (single-chip advanced mode)
on-chip ROM enabled)

H'000000 [ .~ Tk "o~ H'00000 oy
Vector area =3l Vector area BHlL
own |5
.............. o0 |2 e ——— (S =]
<128 SE (30
H'0000FF | ... 1EZ (R H000FF | ______....._. 1£35 |88
e |58 Ss|58
onchipRom | £8 /&3 onchipROM | EE |28
o] 8 |
HOO7FFF | oo 28y HOTFFF | oo L 280
H'O7FFFF
H'080000
Area 0 H'7FFFF
HA1FFFFF [ L __
H'200000
Area 1
H3FFFFF | _ L. ____
H'400000
External address | preq 2
space
HSFFFFF | L.
H'600000
Area 3
H7FFFFF [ L.
H'800000 H'EE000
Area 4 Internal /0
p— registers (1)
S S S Es H'EEOFF
Area 5 H'F8000 R S
HBFFFFF | _ L. ____ i
H'C00000 H'FBEEO A
")
Area 6 On-chip RAM* '8
HDFFFFF| | .. . e
H'E00000 H'FFE7F K
Area 7 H'FFE80 Internal I/O ! %
, registers (2) 1=
H'FEE000 ' '3
Internal I/O HFFEFF | %
registers (1) HFFF80 T =
H'FEEOFF On-chi " 2,12
External address n-chip RAM 2819
'FF8000 [----" e H'FFFDF S @
H'FF8000 HFFFEO |  Internal I/O £5 !
, registers (3) =l
H{EFBEDF ) SR
On-chip RAM* 2
1%
[}
H'FFFE7F o |3
H'FFFE8S0 Internal I/O o IS
registers (2) @ o
H'FFFEFF < |3
H'FFFFO0 | External address| 1S | §
space ° £
H'FFFF7F 5 |z
HFFFF80 | onchiprave || 8 |4
) —
H'FFFFDF s
H'FFFFEO Internal /O a
registers (3) ©

HFFFFFFL————— 1'% .

Note: * This area becomes external address space when on-chip RAM is disabled.

Figure3.2(2) H8/3069R Memory Map in Each Operating Mode (EMC = 0)
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Section 4 Exception Handling

41 Overview

41.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneoudly, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at all timesin the program execution state.

Table4.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES pin
Interrupt Interrupt requests are handled when execution of the current

instruction or handling of the current exception is completed

Low Trap instruction (TRAPA) Started by execution of a trap instruction (TRAPA)

41.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The CCR interrupt mask bit isset to 1.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

Note: For areset exception, steps 2 and 3 above are carried out.

Rev. 5.0, 09/04, page 71 of 978
RENESAS



413 Exception Vector Table

The exception sources are classified as shown in figure 4.1. Different vectors are assigned to
different exception sources. Table 4.2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQ to IRQg
Exception
sources . Interrupts
Internal interrupts: 36 interrupts from on-chip
« Trap instruction supporting modules

Figure4.1 Exception Sources
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Table4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address**

Advanced Mode

Normal Mode*®

Reset

H'0000 to H'0003

H'0000 to H'0001

Reserved for system use

H'0004 to H'0007

H'0002 to H'0003

H'0008 to H'000B

H'0004 to H'0005

H'000C to H'000F

H'0006 to H'0007

H'0010 to H'0013

H'0008 to H'0009

H'0014 to H'0017

H'000A to H'000B

H'0018 to H'001B

H'000C to H'000D

External interrupt (NMI)

H'001C to H'001F

H'000E to H'000F

Trap instruction (4 sources)

H'0020 to H'0023

H'0010 to H'0011

Ol N~ W| N FL,|O

H'0024 to H'0027

H'0012 to H'0013

=
o

H'0028 to H'002B

H'0014 to H'0015

[Ey
[N

H'002C to H'002F

H'0016 to H'0017

External interrupt IRQ,

[any
N

H'0030 to H'0033

H'0018 to H'0019

External interrupt IRQ,

[uy
w

H'0034 to H'0037

H'001A to H'001B

External interrupt IRQ,

[N
N

H'0038 to H'003B

H'001C to H'001D

External interrupt IRQ,

Juy
a1

H'003C to H'003F

H'001E to H'001F

External interrupt IRQ,

[y
[«2)

H'0040 to H'0043

H'0020 to H'0021

External interrupt IRQ,

[Ey
~

H'0044 to H'0047

H'0022 to H'0023

Reserved for system use

[y
[ee)

H'0048 to H'004B

H'0024 to H'0025

[uy
©

H'004C to H'004F

H'0026 to H'0027

Internal interrupts**

N
o

—
]

6

3

H'0050 to H'0053
to
H'00FC to H'0OOFF

H'0028 to H'0029
to
H'007E to H'007F

Notes: 1. Lower 16 bits of the address.
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
3. Cannot be selected in H8/3069R.

RENESAS

Rev. 5.0, 09/04, page 73 of 978



4.2 Reset

421 Overview

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the
chip entersthe reset state. A reset initializes the internal state of the CPU and the registers of the
on-chip supporting modules. Reset exception handling begins when the RES pin changes from
low to high.

The chip can aso be reset by overflow of the watchdog timer. For details see section 12,

Watchdog Timer.

422 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip isreset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 20 system clock (¢) cycles. See appendix
D.2, Pin States at Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the chip starts reset
exception handling as follows.

e Theinterna state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

» The contents of the reset vector address (H'0000 to H'0003 in advanced mode, H'0000 to
H'0001 in normal mode) are read, and program execution starts from the addressindicated in
the vector address.

Note: The normal mode cannot be selected in the H8/3069R

Figure 4.2 shows the reset sequencein modes 1 and 3. Figure 4.3 shows the reset sequencein
modes 2 and 4.

*  After power isturned on, hold the RES pin low and the STBY pin high.
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Figure4.2 Reset Sequence (Modes 1 and 3)
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Internal

Vector fetch processing Prefetch of first

| program instruction

= | |
Address bus >< D) >< ©) >< (5) ><
e —L_n
HWR, LWR High |
D;5 to Dy (2) 4 (6)

(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002

(2), (4) Start address (contents of reset exception handling vector address)
5) Start address

(6) First instruction of program

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle.

Figure 4.3 Reset Sequence (Modes 2 and 4)

423 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after areset. The first instruction of the programis
always executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV.L #xx:32, SP).
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4.3 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQ, to IRQ,), and
36 internal sources in the on-chip supporting modules. Figure 4.4 classifies the interrupt sources
and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT),
DRAM interface, 16-bit timer, 8-bit timer, DMA controller (DMAC), seria communication
interface (SCI), and A/D converter. Each interrupt source has a separate vector address.

NMI isthe highest-priority interrupt and is always accepted*. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

Note: * NMI input is sometimes disabled when flash memory is being programmed or erased. For
details see section 18.4.5 Flash Vector Address Control Register (FVACR).

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, to IRQ; (6)
Interrupts WDT*1 (1)
DRAM interface*? (1)
16-bit timer (9)
8-bit timer (8)
DMAC (4)
SCI (12)
A/D converter (1)

Internal interrupts

Notes: Numbers in parentheses are the number of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates an interrupt request
at every counter overflow.
2. When the DRAM interface is used as an interval timer, it generates an interrupt request
at compare match.

Figure4.4 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE hit is
set to 1 in the system control register (SY SCR), the exception handling sequence setsthe | bit to 1
in CCR. If the UE hit is 0, the | and Ul bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from 0 to 3, which is
specified in the instruction code.
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4.5

Stack Status after Exception Handling

Figure 4.5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

SP—4
SP-3
SP-2
SP-1
SP (ER7) -

SP—4
SP-3
SP-2
sP—1
SP (ER7) -

[Legend]
PCE:
PCH:
PCL:
CCR:
SP:

\\\\__—’/////”"‘“‘\\

Stack area

\\\\__—’/////””_‘“‘\\

SP (ER7) -
SP+1
SP+2
SP+3
SP+4

\\\‘__—’/////””““\\

CCR

CCR*2

PC 4

PC |

\\\‘__—’/////””““\\

Before exception handling —— After exception handling
Pushed on stack

a. Normal mode*!

\\\\__—’/////”"‘“‘\\

Stack area

\\\\__—’/////”“““\\

SP (ER7) -
SP+1
SP+2
SP+3
SP+4

\\\‘__—’/////””““\\

CCR
PCEe
PChx
PC |

\\\\~___’//////”"“\\\

Before exception handing ———  After exception handling
Pushed on stack

b. Advanced mode

Bits 23 to 16 of program counter (PC)
Bits 15 to 8 of program counter (PC)
Bits 7 to 0 of program counter (PC)
Condition code register

Stack pointer

Notes: 1. Cannot be selected in H8/3069R

2. Ignored at return.
* PC indicates the address of the first instruction that will be executed after return.
» Registers must be saved in word or longword size at even addresses.

Even address

Even address

Figure4.5 Stack after Completion of Exception Handling
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3069R regards the lowest address bit as 0.
The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP, ER7) should always be kept even.

Use the following instructions to save registers:
PUSHWRn  (or MOV.W Rn, @-SP)
PUSH.L ERNn (or MOV.L ERNn, @-SP)

Use the following instructions to restore registers:
POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERnN)

Setting SP to an odd value may lead to a malfunction. Figure 4.6 shows an example of what
happens when the SP value is odd.
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SP —*>

TRAPA instruction executed
_

SP set to H'FFFEFF

[Legend]

CCR:
PC:
R1L:
SP:

Note:

Condition code register
Program counter
General register R1L
Stack pointer

Sp—*>

CCR

PC

Data saved above SP

The diagram illustrates modes 3 and 4.

SP—= R1L HFFFEFA
HFFFEFB

PC HFFFEFC

HFFFEFD

HFFFEFF

MOV. B R1L, @-ER7

CCR contents lost

Figure4.6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features
The interrupt controller has the following features:

e Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
in interrupt priority registers A and B (IPRA and | PRB).

» Three-level masking by the | and Ul bitsin the CPU condition code register (CCR)

* Seven external interrupt pins

NMI has the highest priority and is always accepted*; either the rising or falling edge can be
selected. For each of IRQ, to IRQ,, sensing of the falling edge or level sensing can be selected
independently.

Note: * NMI input is sometimes disabled when flash memory is being programmed or erased. For
details see section 18.4.5 Flash Vector Address Control Register (FVACR).
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51.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

CPU

ul

liscR| [ 1ER | | IPRA,IPRB |
NMI
input
Y Y
_— »| IRQ input
IRQ input section ISR
Interrupt
OVF .|  Priority request
TME decision logic
Vector
) number
TEI -
TEIE ‘ ?
Interrupt controller ( L
UE
SYSCR

[Legend]
ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register

IPRA:  Interrupt priority register A
IPRB:  Interrupt priority register B
SYSCR: System control register

CCR
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513 Pin Configuration
Table 5.1 lists the interrupt pins.

Table5.1 Interrupt Pins

Name Abbreviation /O Function

Nonmaskable interrupt NMI Input Nonmaskable interrupt*, rising edge or
falling edge selectable

External interrupt request 5to 0 IRQ, to IRQ, Input Maskable interrupts, falling edge or level
sensing selectable

Note: * NMI inputis sometimes disabled when flash memory is being programmed or erased.
For details see section 18.4.5, Flash Vector Address Control Register (FVACR).

514 Register Configuration

Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address**  Name Abbreviation R/W Initial Value
H'EEO12 System control register SYSCR R/W H'09
H'EEQ014 IRQ sense control register ISCR R/W H'00
H'EE015 IRQ enable register IER R/W H'00
H'EE016 IRQ status register ISR RI(W)*? H'00
H'EE018 Interrupt priority register A IPRA R/W H'00
H'EE019 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written, to clear flags.
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52 Register Descriptions

521 System Control Register (SYSCR)

SY SCR is an 8-bit readable/writable register that controls software standby mode, selects the
action of the Ul hit in CCR, selects the NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCRiisinitialized to H'09 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ SSOE ‘ RAME ‘

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable

Software standby
output port enable

Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bit in
CCR as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR asauser bit or an
interrupt mask bit.

Bit 3

UE Description

0 Ul bitin CCR is used as interrupt mask bit

1 Ul bit in CCR is used as user hit (Initial value)

Bit 2—NMI Edge Select (NMIEG): Selects the NMI input edge.

Bit 2

NMIEG  Description

0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

522 Interrupt Priority RegistersA and B (IPRA, IPRB)

IPRA and IPRB are 8-hit readable/writable registers that control interrupt priority.
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Interrupt Priority Register A (IPRA): IPRA isan 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRAG ‘ IPRA5S ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Priority
level AO
Selects the
priority level
of 16-bit timer
channel 2
interrupt
requests
Priority level Al
Selects the priority level
of 16-bit timer channel 1
interrupt requests

Priority level A2

Selects the priority level of
16-bit timer channel 0 interrupt
requests

Priority level A3

Selects the priority level of WDT,
DRAM interface, and A/D converter
interrupt requests

Priority level A4

Selects the priority level of IRQ, and IRQ 5
interrupt requests

Priority level A5
Selects the priority level of IRQ, and IRQ 5 interrupt requests

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selectsthe priority level of IRQ, interrupt requests.

Bit 7

IPRA7 Description

0 IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAG): Selects the priority level of IRQ, interrupt requests.

Bit 6

IPRAG Description

0 IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level A5 (IPRAD): Selects the priority level of IRQ, and IRQ, interrupt requests.

Bit 5

IPRAS Description

0 IRQ, and IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, and IRQ, interrupt requests have priority level 1 (high priority)

Bit 4—Priority Level A4 (IPRA4): Selects the priority level of IRQ, and IRQ; interrupt requests.

Bit 4

IPRA4 Description

0 IRQ, and IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, and IRQ; interrupt requests have priority level 1 (high priority)
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Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WDT, DRAM interface, and A/D
converter interrupt requests.

Bit 3
IPRA3 Description
0 WDT, DRAM interface, and A/D converter interrupt requests have priority level 0
(low priority) (Initial value)
1 WDT, DRAM interface, and A/D converter interrupt requests have priority level 1

(high priority)

Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of 16-bit timer channel O interrupt
requests.

Bit 2

IPRA2 Description

0 16-bit timer channel 0 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel 0 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRA1): Selectsthe priority level of 16-bit timer channel 1 interrupt
requests.

Bit 1

IPRAL Description

0 16-bit timer channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 16-bit timer channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAO): Selectsthe priority level of 16-bit timer channel 2 interrupt
requests.

Bit 0

IPRAO Description

0 16-bit timer channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Priority level B1

Selects the priority level
of SCI channel 2 interrupt
requests

Priority level B2
Selects the priority level of
SCI channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel O interrupt requests

Reserved bit

Priority level B5
Selects the priority level of DMAC
interrupt requests (channels 0 and 1)

Priority level B6
Selects the priority level of 8-bit timer channel 2, 3 interrupt requests

Priority level B7
Selects the priority level of 8-bit timer channel 0, 1 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of 8-bit timer channel O, 1 interrupt
requests.

Bit 7

IPRB7 Description

0 8-bit timer channel 0, 1 interrupt requests have priority level O (low priority)(Initial value)
1 8-bit timer channel 0, 1 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selects the priority level of 8-bit timer channel 2, 3 interrupt
requests.

Bit 6

IPRB6 Description

0 8-bit timer channel 2, 3 interrupt requests have priority level 0 (low priority)(Initial value)
1 8-bit timer channel 2, 3 interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level B5 (IPRB5): Selectsthe priority level of DMAC interrupt requests
(channels 0 and 1).

Bit 5

IPRB5 Description

0 DMAC interrupt requests (channels 0 and 1) have priority level O (Initial value)
(low priority)

1 DMAC interrupt requests (channels 0 and 1) have priority level 1 (high priority)

Bit 4—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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Bit 3—Priority Level B3 (IPRB3): Selectsthe priority level of SCI channel O interrupt requests.

Bit 3

IPRB3 Description

0 SCI channel 0 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 0 interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Selectsthe priority level of SCI channel 1 interrupt requests.

Bit 2

IPRB2 Description

0 SCI channel 1 interrupt requests have priority level 0 (low priority) (Initial value)
1 SCI channel 1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of SCI channel 2 interrupt requests.

Bit 1

IPRB1 Description

0 SCI channel 2 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 2 interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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52.3  IRQ StatusRegister (ISR)

ISR is an 8-hit readable/writable register that indicates the status of IRQ, to IRQ, interrupt
requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/(W)  R/(Wy R/(Wy  R/I(W}  RI(W)F RI(WF
| |
Reserved bits IRQ;5 to IRQ flags

These bits indicate IRQ5 to IRQ
interrupt request status

Note: * Only O can be written, to clear flags.

ISRisinitialized to H'00 by areset and in hardware standby mode.
Bits 7 and 6—Reserved: These bits can not be modified and are always read as 0.

Bits5to 0—IRQ, to IRQ, Flags (IRQ5F to IRQOF): These bits indicate the status of IRQ, to
IRQ, interrupt requests.

Bits 5to 0

IRQ5F to IRQOF Description

0 [Clearing conditions] (Initial value)
0 is written in IRQNF after reading the IRQNF flag when IRQnF = 1.
IRQNSC = 0, IRQn input is high, and interrupt exception handling is carried out.
IRQNSC =1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]

IRQNSC = 0 and IRQn input is low.
IRQNSC =1 and IRQn input changes from high to low.

Note: n=5t00

Rev. 5.0, 09/04, page 94 of 978
RENESAS



524 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ, to IRQ, interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ 5 to IRQ, enable

These bits enable or disable IRQ 5 to IRQq interrupt requests

IER isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can be written and read, but they do not enable or disable
interrupts.

Bits5to 0—IRQ, to IRQ, Enable (IRQ5E to IRQOE): These bits enable or disable
IRQ, to IRQ, interrupt requests.

Bits 5to 0

IRQ5E to IRQOE Description

0 IRQ, to IRQ, interrupt requests are disabled (Initial value)
1 IRQ, to IRQ, interrupt requests are enabled
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525 IRQ Sense Control Register (ISCR)

ISCR is an 8-hit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pins IRQ, to IRQ,.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQ4SC‘ IRQSSC‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ5 to IRQ sense control

These bits select level sensing or falling-edge
sensing for IRQ 5 to IRQ interrupts

ISCR isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can be written and read, but they do not select level or
falling-edge sensing.

Bits5to 0—IRQ, to IRQ, Sense Control (IRQ5SC to IRQOSC): These bits select whether
interrupts IRQ, to IRQ, are requested by level sensing of pinsIRQ, to IRQ,, or by falling-edge
sensing.

Bits 5to 0

IRQ5SC to IRQOSC Description

0 Interrupts are requested when IRQ, to mo inputs are low (Initial value)
1 Interrupts are requested by falling-edge input at IRQ, to IRQ,
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53 Interrupt Sources

The interrupt sources include external interrupts (NMI, IRQ, to IRQ,) and 36 internal interrupts.

531 External Interrupts

There are seven external interrupts: NMI and IRQ, to IRQ,. Of these, NMI, IRQ,, IRQ,, and IRQ,
can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the |
and Ul bitsin CCR*. The NMIEG bit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

Note: * NMI input is sometimes disabled when flash memory is being programmed or erased. For
details see section 18.4.5, Flash Vector Address Control Register (FVACR).

IRQ, to IRQ, Interrupts: These interrupts are requested by input signals at pinsIRQ, to IRQ..
The IRQ, to IRQ; interrupts have the following features.

* ISCR settings can select whether an interrupt is requested by the low level of the input at pins
IRQ, to IRQ,, or by the falling edge.

* |ER settings can enable or disable the IRQ, to IRQ, interrupts. Interrupt priority levels can be
assigned by four bitsin IPRA (IPRA7 to IPRA4).

+ Thestatus of IRQ, to IRQ, interrupt requestsisindicated in ISR. The ISR flags can be cleared
to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQ, to IRQ..

IRQNSC IRQNE
l IRQNF
H]I> Edge/lc_avel_ - s Q IRQn interrupt
sense circuit request
IRQnN input f R
Clear signal

Note: n=5t00

Figure5.2 Block Diagram of Interrupts|RQ,to IRQ,
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQnN
input pin

IRQNF

Note:n=5t0 0

Figure5.3 Timing of Setting of IRQnF

Interrupts IRQ, to IRQ, have vector numbers 12 to 17. These interrupts are detected regardless of
whether the corresponding pin is set for input or output. When using a pin for external interrupt
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, SCI
input/output, or A/D external trigger input.

532 Internal Interrupts
Thirty-Six internal interrupts are requested from the on-chip supporting modules.

» Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.

e Interrupt priority levels can be assigned in IPRA and IPRB.

* 16-hit timer, SCI, and A/D converter interrupt requests can activate the DMAC, in which case
no interrupt request is sent to the interrupt controller, and the | and Ul bits are disregarded.

533 Interrupt Vector Table

Table 5.3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after areset isthe default order
shown intable 5.3.
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Table5.3

Interrupt Sources, Vector Addresses, and Priority

Vector Address*?!

Vector
Interrupt Source  Origin Number Advanced Mode Normal Mode*? IPR Priority
NMI External 7 H'001C to H'001F H'O0O0E to H'000F — High
IRQ, pins 12 H'0030 to H'0033 H'0018 to H0019 IPRA7 A
IRQ, 13 H'0034 to HO037 H'001A to H'001B IPRA6
IRQ, 14 H'0038 to H'003B H'001C to H'001D IPRA5
IRQ, 15 H'003C to H'003F H'001E to H'001F
IRQ, 16 H'0040 to H'0043 H'0020 to H'0021 IPRA4
IRQ, 17 H'0044 to H'0047 H'0022 to H'0023
Reserved — 18 H'0048 to H'004B H'0024 to H'0025

19 H'004C to H'004F H'0026 to H'0027
WOVI Watchdog 20 H'0050 to H'0053 H'0028 to H'0029 IPRA3
(interval timer) timer
CMI DRAM 21 H'0054 to H'0057 H'002A to H'002B
(compare match) interface
Reserved — 22 H'0058 to H'005B H'002C to H'002D
ADI (A/D end) AID 23 H'005C to H'005F H'002E to H'002F
IMIAO 16-bit timer 24 H'0060 to H'0063 H'0030 to H'0031 IPRA2
(compare match/  channel 0
input capture A0)
IMIBO 25 H'0064 to H'0067 H'0032 to H'0033
(compare match/
input capture BO)
OVIO0 (overflow 0) 26 H'0068 to H'006B H'0034 to H'0035
Reserved — 27 H'006C to H'006F H'0036 to H'0037
IMIAL 16-bit timer 28 H'0070 to H'0073 H'0038 to H'0039 IPRAL
(compare match/  channel 1
inputcapture Al)
IMIB1 29 H'0074 to H'0077 H'003A to H'003B
(compare match/
input capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B H'003C to H'003D
Reserved — 31 H'007C to H'007F H'003E to H'003F Low
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Vector Address*?!

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode*? IPR Priority
IMIA2 16-bit timer 32 H'0080 to H'0083 H'0040 to H'0041 IPRAQO High
(compare match/  channel 2 A
input capture A2)
IMIB2 33 H'0084 to H'0087 H'0042 to H'0043
(compare match/
input capture B2)
OVI2 (overflow 2) 34 H'0088 to H'008B H'0044 to H'0045
Reserved — 35 H'008C to H'008F H'0046 to H'0047
CMIAO 8-bit timer 36 H'0090 to H'0093 H'0048 to H'0049 IPRB7Y
(compare match  channel 0/1
A0)
CMIBO 37 H'0094 to H'0097 H'004A to H'004B
(compare match
BO)
CMIA1/CMIB1 38 H'0098 to H'009B H'004C to H'004D
(compare match
A1/B1)
TOVIO/TOVIL 39 H'009C to H'009F H'004E to H'004F
(overflow 0/1)
CMIA2 8-bit timer 40 H'00AO to H'O0A3 H'0050 to H'0051 IPRB6
(compare match  channel 2/3
A2)
CMIB2 41 H'00A4 to H'0O0A7 H'0052 to H'0053
(compare match
B2)
CMIA3/CMIB3 42 H'00A8 to H'O0AB H'0054 to H'0055
(compare match
A3/B3)
TOVI2/TOVI3 43 H'00AC to H'00AF H'0056 to H'0057
(overflow 2/3)
DENDOA DMAC 44 H'00BO to H'00B3 H'0058 to H'0059 IPRB5
DENDOB 45 H'00B4 to H'00B7 H'005A to H'005B
DEND1A 46 H'00B8 to H'00BB H'005C to H'005D
DEND1B 47 H'00BC to H'00BF H'005E to H'005F
Reserved — 48 H'00CO0 to H'00C3 H'0060 to H'0061 —
49 H'00C4 to H'00C7 H'0062 to H'0063
50 H'00C8 to H'00CB H'0064 to H'0065
51 H'00CC to H'00CF H'0066 to H'0067 Low
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Vector Address*?!

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode*? IPR Priority
ERIO SCI 52 H'00DO to H'0O0D3 H'0068 to H'0069 IPRB3 High
(receive error 0)  channel O A
RXIO (receive 53 H'00D4 to H'0O0D7 H'006A to H'006B
data full 0)
TXIO (transmit 54 H'00D8 to H'00DB H'006C to H'006D
data empty 0)
TEIO 55 H'00DC to H'O0ODF H'006E to H'006F
(transmit end 0)
ERI1 SCI 56 H'00EO to H'0OE3 H'0070 to H'0071 IPRB2
(receive error 1) channel 1
RXI1 (receive 57 H'00E4 to H'00E7 H'0072 to H'0073
data full 1)
TXI1 (transmit 58 H'O0ES8 to H'00EB H'0074 to H'0075
data empty 1)
TEI1 (transmit 59 H'00EC to H'O0EF H'0076 to H'0077
end 1)
ERI2 SCI 60 H'00FO to H'OOF3 H'0078 to H'0079 IPRB1
(receive error 2)  channel 2
RXI2 (receive 61 H'00F4 to H'OOF7 H'007A to H'007B
data full 2)
TXI2 (transmit 62 H'00F8 to H'0O0FB H'007C to H'007D
data empty 2)
TEI2 (transmit 63 H'00FC to H'OOFF H'007E to H'007F
end 2) Low

Notes: 1. Lower 16 bits of the address.
2. Cannot be selected in H8/3069R.
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54 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3069R handles interrupts differently depending on the setting of the UE bit. When UE =
1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and Ul
bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, I, and
Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states*. IRQ
interrupts and interrupts from the on-chip supporting modules have their own enable bits.
Interrupt requests are ignored when the enable bits are cleared to O.

Note: * NMI input is sometimes disabled. For details see section 18.4.5, Flash Vector Address
Control Register (FVACR).

Table54 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE I Ul Description

1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.

— No interrupts are accepted except NMI.

0 0 — All interrupts are accepted. Interrupts with priority level 1 have higher

priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE = 1. Interrupts IRQ, to IRQ, and interrupts from the on-chip supporting modules can all be
masked by the | bit in the CPU’s CCR. Interrupts are masked when the | bit isset to 1, and
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher priority.
Figure 5.4 is aflowchart showing how interrupts are accepted when UE = 1.
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1

Program execution state

No
Interrupt requested?

==

Yes
Yes

Yes

No
1=0
_| Yes

Y
| Save PC and CCR |
Y
| -1 |
Y

| Read vector address |

v

Branch to interrupt
service routine

Figure5.4 ProcessUp to Interrupt Acceptancewhen UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bitisset to 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same IPR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

Theinterrupt controller checksthe |l bit. If the | bit is cleared to O, the selected interrupt
request is accepted. If the | bit isset to 1, only NMI is accepted; other interrupt requests are
held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC valuethat is
saved indicates the address of the first instruction that will be executed after the return from
the interrupt service routine.

Next the | bitisset to 1 in CCR, masking all interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

UE =0: Thel and Ul bitsin the CPU’s CCR and the I PR bits enable three-level masking of
IRQ, to IRQ, interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bit is cleared to 0.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1, and
are unmasked when either the | bit or the Ul bit is cleared to 0.

For example, if theinterrupt enable bits of all interrupt requests are set to 1, IPRA is set to
H'20, and IPRB is set to H'00 (giving IRQ, and IRQ, interrupt requests priority over other
interrupts), interrupts are masked as follows:

a If 1 =0, al interrupts are unmasked (priority order: NMI > IRQ, > IRQ, >IRQ, ...).
b. If I =1and Ul =0, only NMI, IRQ,, and IRQ, are unmasked.
c. IfI=1and Ul =1, al interrupts are masked except NMI.
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Figure 5.5 shows the transitions among the above states.

-0
a. All interrupts are - 1 Ul -0 b. Only NMI, IRQ>, and
unmasked ’ - IRQ3 are unmasked
Exception handling,

| «1,Ul <1
o Ul -0
Exception handling,
orUl «1

c. All interrupts are
masked except NMI

Figure5.5 Interrupt Masking State Transitions (Example)
Figure 5.6 isaflowchart showing how interrupts are accepted when UE = 0.

» If aninterrupt condition occurs and the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

* When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same IPR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

e Theinterrupt controller checksthe | bit. If the bit is cleared to O, the selected interrupt
request is accepted regardless of its IPR setting, and regardless of the Ul bit. If the |l bitisset to
1 and the Ul bitis cleared to 0, only NMI and interrupts with priority level 1 are accepted,;
interrupt requests with priority level 0 are held pending. If the | bit and Ul bit are both set to 1,
only NMI is accepted; all other interrupt requests are held pending.

*  When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

e Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from
the interrupt service routine.

* Thel and Ul bitsare set to 1 in CCR, masking all interrupts except NMI.

« The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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No
Interrupt requested?
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1

| Read vector address |
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Branch to interrupt
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Figure5.6 ProcessUp to Interrupt Acceptance when UE =0
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Interrupt Sequence

54.2

Figure 5.7 shows the interrupt sequence in mode 2 when the program code and stack are in an

external memory area accessed in two states via a 16-hit bus.
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Figure5.7 Interrupt Sequence
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543

Interrupt Response Time

Table 5.5 indicates the interrupt response time from the occurrence of an interrupt request until
the first instruction of the interrupt service routine is executed.

Table5.5 Interrupt Response Time
External Memory
On-Chip 8-Bit Bus 16-Bit Bus
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority 2%t 2% 2%t 2% 2%
decision
2 Maximum number 1t023*°  1t027*°*° 1to41****  1to23*° 1 to 25***°
of states until end of
current instruction
3 Saving PCand CCR 4 8 12** 4 6**
to stack
4 Vector fetch 4 8 12** 4 6**
5 Instruction prefetch**> 4 8 12** 4 6**
6 Internal processing*® 4 4 4 4 4
Total 19to 41 31to 57 43 t0 83 19to 41 2510 49

Notes: 1. 1 state for internal interrupts.

2.

o

Prefetch after the interrupt is accepted and prefetch of the first instruction in the
interrupt service routine.

Internal processing after the interrupt is accepted and internal processing after vector
fetch.

The number of states increases if wait states are inserted in external memory access.
The examples of DIVXS.W Rs,ERd, MULXS.W Rs,ERd.
The examples of MOV.L @(d:24,ERs), ERd, MOV.L ERs,@(d:24,ERd).
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55 Usage Notes

551 Contention between Interrupt and Interrupt-Disabling Instruction

When an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs whileaBCLR,
MOV, or other instruction is being executed to clear its interrupt enable bit to 0, at the instant
when execution of the instruction ends the interrupt is still enabled, so itsinterrupt exception
handling is carried out. If a higher-priority interrupt is also requested, however, interrupt
exception handling for the higher-priority interrupt is carried out, and the lower-priority interrupt
isignored. This also appliesto the clearing of an interrupt flag to O.

Figure 5.8 shows an example in which an IMIEA bit is cleared to 0 in the 16-bit timer's TISRA
register.

TISRA write cycle by CPU IMIA exception handling

[ -t
|-t -

o |

Internal ‘ |
address bus >< TISRA address >< ><

Internal ! !
write signal | |

IMIEA

-

IMFA interrupt 3
signal ‘

Figure5.8 Contention between Interrupt and Interrupt-Disabling Instruction

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flagiscleared to O.
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55.2 Instructionsthat Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, after
determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the CPU is
currently executing one of these interrupt-inhibiting instructions, however, when the instruction is
completed the CPU always continues by executing the next instruction.

55.3 Interruptsduring EEPM OV Instruction Execution
The EEPMOV .B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPMOV .B instruction is executing atransfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPMOV .W instruction is executing a transfer, interrupt requests other than NMI are
not accepted until the transfer is completed. If NMI isrequested, NMI exception handling starts at
atransfer cycle boundary. The PC value saved on the stack is the address of the next instruction.
Programs should be coded as follows to alow for NMI interrupts during EEPM OV .W execution:

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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Section 6 Bus Controller

6.1 Overview

The H8/3069R has an on-chip bus controller (BSC) that manages the external address space
divided into eight areas. The bus specifications, such as bus width and number of access states,
can be set independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function that controls the operation of the internal bus
masters-the CPU, DMA controller (DMAC), and DRAM interface and can release the bus to an
external device.

6.1.1 Features
The features of the bus controller are listed below.

« Manages external address space in area units

0 Managesthe external space as eight areas (0 to 7) of 128 kbytesin 1-Mbyte modes, or 2
Mbytesin 16-Mbyte modes

0 Bus specifications can be set independently for each area
0 DRAM/burst ROM interfaces can be set
e Basic businterface
Chip select (CS, to CS,) can be output for areas 0 to 7
8-bit access or 16-bit access can be selected for each area
Two-state access or three-state access can be selected for each area
Program wait states can be inserted for each area
Pin wait insertion capability is provided
* DRAM interface
DRAM interface can be set for areas2to 5
Row address/column address multiplexed output (8/9/10 bits)
2-CAS byte access mode
Burst operation (fast page mode)
T, cycleinsertion to secure RAS precharging time
Choice of CAS-before-RAS refreshing or self-refreshing
e Burst ROM interface
0 Burst ROM interface can be set for area0
0 Selection of two- or three-state burst access

O0Ooood

O0Oo0oogogo
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e Idlecycleinsertion
O Anidlecycle can beinserted in case of an external read cycle between different areas

O Anidle cycle can be inserted when an external read cycle isimmediately followed by an
external write cycle

* Busarbitration function

O A built-in bus arbiter grants the bus right to the CPU, DMAC, DRAM interface, or an
external bus master

e Other features
O Refresh counter (refresh timer) can be used asinterval timer
O Choice of two address update modes
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6.1.2

Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CSoti

o CS7

"\
ABWCR
ASTCR
BCR
Internal address bus dAreg CSCR - - - Internal signals - - -,
ecoder - |
Chip select ADRCR 1 Bus mode control signal:
control signals i . . !
Bus control — Bus size control signal !
circuit L1 Access state control signal|
1
4 —>! Walit request signal |
j .‘-; ________________
<
©
©
- £
Wait state 3]
__ controller £
WAIT JE
WCRH
— T
WCRL D
rm——-=- Internal signals - - - ----- )
I .
1 CPU bus request signal ! BRCR kK
| DMAC bus request signal '
1 DRAM interface bus request signal ! .
! CPU bus acknowledge signal i Bus arbiter
1 DMAC bus acknowledge signal i
:_DRAM interface bus acknowledge signali
_______________________ _.
BACK
— BREQ
DRAM interface
L
DRAM control <___ DRCRA [
DRCRB A4
RTMCSR
RTCNT
[Legend] RTCOR

ABWCR : Bus width control register
ASTCR : Access state control register
WCRH :  Wait control register H
WCRL :  Wait control register L

BRC
CsC

R: Bus release control register
R:  Chip select control register

DRCRA: DRAM control register A
DRCRB: DRAM control register B
CSR : Refresh timer control/status register

RTM
RTC
RTC
ADR

BCR:

NT : Refresh timer counter

OR : Refresh time constant register
CR: Address control register

Bus control register

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6.1 summarizes the input/output pins of the bus controller.

Table6.1 BusController Pins

Name Abbreviation 110 Function

Chip select0to 7 @0 to @7 Output Strobe signals selecting areas 0 to 7

Address strobe AS Output Strobe signal indicating valid address output
on the address bus

Read RD Output Strobe signal indicating reading from the
external address space

High write HWR Output Strobe signal indicating writing to the
external address space, with valid data on
the upper data bus (D, to D,)

Low write LWR Output Strobe signal indicating writing to the
external address space, with valid data on
the lower data bus (D, to D,)

Wait WAIT Input Wait request signal for access to external
three-state access areas

Bus request BREQ Input Request signal for releasing the bus to an
external device

Bus acknowledge BACK Output Acknowledge signal indicating release of the

bus to an external device
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6.1.4 Register Configuration
Table 6.2 summarizes the bus controller's registers.

Table6.2 BusController Registers

Address*'  Name Abbreviation R/W Initial Value
H'EE020 Bus width control register ABWCR R/W H'FF*?
H'EEO021 Access state control register ASTCR R/W H'FF
H'EE022 Wait control register H WCRH R/W H'FF
H'EE023 Wait control register L WCRL R/W H'FF
H'EE013 Bus release control register BRCR R/W H'FE*®
H'EEO1F Chip select control register CSCR R/W H'OF
H'EEO1E Address control register ADRCR R/W H'FF
H'EE024 Bus control register BCR R/W H'C6
H'EE026 DRAM control register A DRCRA R/W H'10
H'EEO27 DRAM control register B DRCRB R/W H'08
H'EE028 Refresh timer control/status register RTMCSR R(W)** H07
H'EE029 Refresh timer counter RTCNT R/W H'00
H'EEQ2A Refresh time constant register RTCOR R/W H'FF

Notes: 1. Lower 20 bits of the address in advanced mode.
2. In modes 2 and 4, the initial value is H'00.
3. In modes 3 and 4, the initial value is H'EE.
4. For Bit 7, only 0 can be written to clear the flag.
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6.2 Register Descriptions

6.2.1 BusWidth Control Register (ABWCR)

ABWCR is an 8-hit readabl e/writable register that selects 8-bit or 16-bit access for each area.

Bit 7 6 5 4 3 2 1 0

‘ ABW?7 ‘ ABW6 ‘ ABWS5 ‘ ABWA4 ‘ ABW3 ‘ ABW2 ‘ ABW1 ‘ ABWO ‘
’1’!03",9531 {Initialvalue 1 1 1 1 1 1 1 1
and 7 Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Modes {Initialvalue 0 0 0 0 0 0 0 0
2and4 | poadWrite RIW RW  RMW RW RW  RW RW  RMW

When ABWCR contains H'FF (selecting 8-hit access for all areas), the chip operatesin 8-bit bus
mode: the upper data bus (D, to D,) isvalid, and port 4 is an input/output port. When at |east one
bit iscleared to 0 in ABWCR, the chip operatesin 16-bit bus mode with a 16-bit data bus (D, to
D,). Inmodes 1, 3, 5, and 7, ABWCR isinitialized to H'FF by areset and in hardware standby
mode. In modes 2 and 4, ABWCR isinitialized to H'00 by areset and in hardware standby mode.
It isnot initialized in software standby mode.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO): These hits select 8-bit access
or 16-bit access for the corresponding aress.

Bits 7to O

ABW?7 to ABWO Description

0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to O are 8-bit access areas

ABWCR specifies the data bus width of external memory areas. The data bus width of on-chip
memory and registersis fixed, and does not depend on ABWCR settings. These settings are
therefore meaningless in the single-chip modes (mode 7).
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6.2.2 Access State Control Register (ASTCR)

ASTCR isan 8-bit readable/writable register that selects whether each areais accessed in two
states or three states.

Bit 7 6 5 4 3 2 1 0
AST7 | AST6 | AST5 | AST4 | AST3 | AST2 | AST1 | ASTO

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits selecting number of states for access to each area

ASTCRIisinitialized to H'FF by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Bits 7to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding areais accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of statesin which external areas are accessed. On-chip memory and
registers are accessed in afixed number of states that does not depend on ASTCR settings. These
settings are therefore meaningless in the single-chip modes (mode 7).

When the corresponding areais designated as DRAM space by bits DRAS2 to DRASO in DRAM
control register A (DRCRA), the number of access states does not depend on the AST hit setting.
When an AST bit is cleared to O, programmable wait insertion is not performed.

6.2.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-hit readable/writable registers that select the number of program wait
states for each area.

On-chip memory and registers are accessed in afixed number of states that does not depend on
WCRH/WCRL settings.

WCRH and WCRL areinitialized to H'FF by areset and in hardware standby mode. They are not

initialized in software standby mode.
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WCRH

Bit 7 6 5 4 3 2 1 0
w71 W70 we1l weo | Wws1 W50 w41 W40

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in external space is accessed while the AST7 bitin ASTCR is set
to 1.

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These hits select the number of
program wait states when area 6 in external space is accessed while the AST6 bitin ASTCR is set
to L.

Bit 5 Bit 4
W61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of
program wait states when area 5 in external space is accessed while the AST5 bit in ASTCR is set
to 1.
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Bit 3 Bit 2
W51 W50 Description

0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external space is accessed while the AST4 bit in ASTCR is set
to 1.

Bit 1 Bit 0

w41 W40 Description

0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed

1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed

(Initial value)
WCRL
Bit 7 6 5 4 3 2 1 0

W31 W30 w21 w20 w11l W10 wo1 W00

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of
program wait states when area 3 in external space is accessed while the AST3 bitin ASTCR is set
tol.

Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)
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Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external space is accessed while the AST2 bit in ASTCR is set
to 1.

Bit 5 Bit 4
w21 W20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)

Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These bits select the number of
program wait states when area 1 in external space is accessed while the AST1 bitin ASTCR is set
tol.

Bit 3 Bit 2
w11 W10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These bits select the number of
program wait states when area 0 in external space is accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
wo1 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed

(Initial value)
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6.2.4 Bus Release Control Register (BRCR)

BRCR is an 8-hit readable/writable register that enables address output on buslines A, to A, and
enables or disables release of the busto an external device.

Bit 7 6 5 4 3 2 1 0
‘ A23E ‘ A22E ‘ A21E ‘ A20E ‘ — ‘ — ‘ — ‘ BRLE ‘

'i’foges {Initial value 1 1 1 1 1 1 1 0
and 7 Read/Write — — — — — — — R/W
Modes {Initial value 1 1 1 0 1 1 1 0
3and 4 | Read/Write RIW RW  RW — — — — RIW

Initial value 1 1 1 1 1 1 1 0
Mode {Read/write R/W R/W R/W R/W — — — R/W

Reserved bits

Address 23 to 20 enable Bus release enable
These bits enable PA; to PA, to be Enables or disables
used for Ay, to Ay, address output release of the bus

to an external device

BRCRisinitialized to H'FE in modes 1, 2, 5, and 7, and to H'EE in modes 3 and 4, by areset and
in hardware standby mode. It is not initialized in software standby mode.

Bit 7—Address 23 Enable (A23E): Enables PA, to be used asthe A, address output pin.
Writing O in this bit enables A, output from PA,. In modes other than 3, 4, and 5, this bit cannot
be modified and PA, hasits ordinary port functions.

Bit 7

A23E Description

0 PA, is the A,, address output pin

1 PA, is an input/output pin (Initial value)

Bit 6—Address 22 Enable (A22E): Enables PA, to be used asthe A, address output pin.
Writing O in this bit enables A, output from PA,. In modes other than 3, 4, and 5, this bit cannot
be modified and PA, hasits ordinary port functions.

Bit 6

A22E Description

0 PA, is the A,, address output pin

1 PA, is an input/output pin (Initial value)
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Bit 5—Address 21 Enable (A21E): Enables PA, to be used asthe A, address output pin.
Writing O in this bit enables A, output from PA,. In modes other than 3, 4, and 5, this bit cannot
be modified and PA, hasits ordinary port functions.

Bit 5

A21E Description

0 PA, is the A, address output pin

1 PA, is an input/output pin (Initial value)

Bit 4—Address 20 Enable (A20E): Enables PA, to be used asthe A, address output pin.
Writing O in this bit enables A, output from PA .. Thisbit can only be modified in mode 5.

Bit 4

A20E Description

0 PA_ is the A, address output pin (Initial value when in mode 3 or 4)
1 PA_ is an input/output pin (Initial value when in mode 1, 2, 5, or 7)

Bits 3 to 1—Reserved: These bits cannot be modified and are always read as 1.

Bit 0—Bus Release Enable (BRLE): Enables or disables release of the bus to an external device.

Bit 0
BRLE Description
0 The bus cannot be released to an external device
BREQ and BACK can be used as input/output pins (Initial value)
1 The bus can be released to an external device

6.2.5 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 | ICISO | BROME | BRSTS1|BRSTSO| EMC | RDEA | WAITE

Initial value 1 1 0 0 0 1 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

BCR is an 8-hit readable/writable register that enables or disablesidle cycle insertion, selectsthe
address map, selects the area division unit, and enables or disables WAIT pin input.

BCRisinitialized to H'C6 by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bit 7—Idle CycleInsertion 1 (1CIS1): Selectswhether oneidle cycle state isto be inserted
between bus cyclesin case of consecutive external read cycles for different areas.

Bit 7

ICIS1 Description

0 No idle cycle inserted in case of consecutive external read cycles for different
areas

1 Idle cycle inserted in case of consecutive external read cycles for different
areas (Initial value)

Bit 6—Ildle CycleInsertion O (1CIS0): Selects whether one idle cycle stateis to be inserted
between bus cyclesin case of consecutive external read and write cycles.

Bit 6

ICISO Description

0 No idle cycle inserted in case of consecutive external read and write cycles
1 Idle cycle inserted in case of consecutive external read and write cycles

(Initial value)

Bit 5—Burst ROM Enable (BROME): Selects whether area 0 is aburst ROM interface area.

Bit 5

BROME Description

0 Area 0 is a basic bus interface area (Initial value)
1 Area 0 is a burst ROM interface area

Bit 4—Burst Cycle Select 1 (BRST S1): Selects the number of burst cycle states for the burst
ROM interface.

Bit 4

BRSTS1 Description

0 Burst access cycle comprises 2 states (Initial value)
1 Burst access cycle comprises 3 states
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Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (burst access on match of address bits above
A3) (Initial value)

1 Max. 8 words in burst access (burst access on match of address bits above

A4)

Bit 2—Expansion Memory Map Control (EMC): Selects either of the two memory maps.

Bit 2

EMC Description

0 Selects the memory map shown in figure 3.2: see section 3.6, Memory Map* in
Each Operating Mode

1 Selects the memory map shown in figure 3.1: see section 3.6, Memory Map* in

Each Operating Mode

(Initial value)

Note: * When the memory map is switched using EMC, the following area combinationsin the
on-chip RAM area cannot be used.

Mode 1 or 2

Mode 3 or 4

Mode 5

Mode 7
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(EMC bit = 1)
H'FDEEO to HFDF1F
H'FFE80 to HFFEDF
H'FFEEO to HFFF1F

H'FFDEEO to H'FFDF1F
H'FFFESO to H'FFFEDF
H'FFFEEO to HFFFF1F

H'FFDEEO to H'FFDF1F
H'FFFESO to H'FFFEDF
H'FFFEEO to HFFFF1F

H'FDEEO to H'FDF1F

H'FFE80 to HFFEDF
H'FFEEO to HFFF1F
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(EMC bit = 0)
H'FBEEO to H'FBF1F
H'FFF80 to H'FFFDF
H'FDEEO to HFDF1F

H'FFBEEO to H'FFBF1F
H'FFFF80 to H'FFFFDF
H'FFDEEO to H'FFDF1F

H'FFBEEO to H'FFBF1F
H'FFFF80 to H'FFFFDF
H'FFDEEO to H'FFDF1F

H'FBEEO to H'FBF1F
H'FFF80 to H'FFFDF
H'FDEEO to HFDF1F



When EMC is cleared to 0, addresses of some internal /O registers are moved. For details, refer
to appendix B.2, Addresses (EMC = 0).

When the RDEA bit is 0, EMC must not be cleared to 0.

Bit 1—Area Division Unit Select (RDEA): Selects the memory map area division units. This bit
isvalid inmodes 3, 4, and 5, and isinvalid in modes 1, 2, and 7.

When the EMC bit is 0, RDEA must not be cleared to 0.

Bit 1
RDEA Description
0 Area divisions are as follows: Area 0: 2 Mbytes Area 4: 1.93 Mbytes
Area 1: 2 Mbytes Area 5: 4 kbytes
Area 2: 8 Mbytes Area 6: 23.75 kbytes
Area 3: 2 Mbytes Area 7: 22 bytes
1 Areas 0 to 7 are the same size (2 Mbytes) (Initial value)

Bit 0—WAIT Pin Enable (WAITE): Enables or disableswait insertion by means of the WAIT
pin.

Bit 0

WAITE Description

0 WAIT pin wait input is disabled, and the WAIT pin can be used as an
input/output port (Initial value)

1 WAIT pin wait input is enabled
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6.2.6 Chip Select Control Register (CSCR)

CSCR is an 8-hit readabl e/writabl e register that enables or disables output of chip select signals
(CS,t0 CS)).

If output of achip select signal is enabled by a setting in this register, the corresponding pin
functions as a chip sdlect signal (CS, to CS,) output regardless of any other settings. CSCR cannot
be modified in single-chip mode.

Bit 7 6 5 4 3 2 1 0
CS7E CS6E CS5E CS4E — — — —

Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — _
Chip select 7 to 4 enable Reserved bits

These bits enable or disable
chip select signal output

CSCRisinitialized to H'OF by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Bits 7 to 4—Chip Select 7 to 4 Enable (CS7E to CS4E): These bits enable or disable output of
the corresponding chip select signal.

Bit n

CSnE Description

0 Output of chip select signal CSn is disabled (Initial value)
1 Output of chip select signal CSn is enabled

Note: n=7to4

Bits 3 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.
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6.2.7 DRAM Control Register A (DRCRA)

Bit 7 6 5 4 3 2 1 0
DRAS2 | DRAS1 | DRASO — BE RDM SRFMD | RFSHE

Initial value 0 0 0 1 0 0 0 0

Read/Write R/W R/W R/W — R/W R/W R/W R/W

DRCRA is an 8-hit readable/writable register that selects the areas that have a DRAM interface
function, and the access mode, and enables or disables self-refreshing and refresh pin output.

DRCRA isinitialized to H'10 by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Bits 7to 5—DRAM Area Select (DRAS2 to DRASD): These bits select which of areas2to 5 are
to function as DRAM interface areas (DRAM space) in expanded mode, and at the same time
select the RAS output pin corresponding to each DRAM space.

Description
Bit7 Bit6 Bit5
DRAS2 DRAS1 DRASO Areab Area 4 Area 3 Area 2
0 0 0 Normal Normal Normal Normal
1 Normal Normal Normal DRAM space
(CS)
1 0 Normal Normal DRAM space DRAM space
(CS) (CS)
1 Normal Normal DRAM space DRAM space
(CS)* (CS)*
1 0 0 Normal DRAM space DRAM space DRAM space
(CS) (CS) (CS)
1 DRAM space DRAM space DRAM space DRAM space
(CS) (CS) (CS) (CS)
1 0 DRAM space DRAM space DRAM space DRAM space
(CS)* (CS)* (CS)* (CS)*
1 DRAM space DRAM space DRAM space DRAM space
(CS)* (CS)* (CS)* (CS)*

Note: * A single CSn pin serves as a common RAS output pin for a number of areas. Unused
CSn pins can be used as input/output ports.

When any of bits DRAS2 to DRASO is set to 1 in expanded mode, it is not possible to write to
DRCRB, RTMCSR, RTCNT, or RTCOR. However, 0 can be written to the CMF flag in

RTMCSR to clear the flag.
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When an arbitrary value has been set in DRAS2 to DRA SO, awrite of adifferent value other than
000 must not be performed.

Bit 4—Reserved: This bit cannot be modified and is always read as 1.

Bit 3—Burst Access Enable (BE): Enables or disables burst accessto DRAM space. DRAM
space burst access is performed in fast page mode.

Bit 3

BE Description

0 Burst disabled (always full access) (Initial value)
1 DRAM space access performed in fast page mode

Bit 2—RAS Down Mode (RDM): Selects whether to wait for the next DRAM access with the
RAS signal held low (RAS down mode), or to drive the RAS signal high again (RAS up mode),
when burst accessis enabled for DRAM space (BE = 1), and access to DRAM isinterrupted.

Caution is required when the HWR and LWR are used as the UCAS and LCAS output pins. For
details, see RAS Down Mode and RAS Up Mode in section 6.5.10, Burst Operation.

Bit 2

RDM Description

0 DRAM interface: RAS up mode selected (Initial value)
1 DRAM interface: RAS down mode selected

Bit 1—Self-Refresh Mode (SRFMD): Specifies DRAM self-refreshing in software standby
mode.

When any of areas2to 5 is designated as DRAM space, DRAM self-refreshing is possible when a
transition is made to software standby mode after the SRFMD bit has been set to 1.

The normal access state is restored when software standby mode is exited, regardless of the
SRFMD setting.

Bit 1

SRFMD Description

0 DRAM self-refreshing disabled in software standby mode (Initial value)
1 DRAM self-refreshing enabled in software standby mode
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Bit 0—Refresh Pin Enable (RFSHE): Enables or disables RFSH pin refresh signal output. If
areas 2 to 5 are not designated as DRAM space, this bit should not be set to 1.

Bit 0

RFSHE Description

0 RFSH pin refresh signal output disabled (Initial value)
(RFSH pin can be used as input/output port)

1 RFSH pin refresh signal output enabled

6.2.8 DRAM Control Register B (DRCRB)

Bit 7 6 5 4 3 2 1 0
MXC1 MXCO CSEL RCYCE — TPC RCW RLW

Initial value 0 0 0 0 1 0 0 0

Read/Write R/W R/W R/W R/W — R/W R/W R/W

DRCRB is an 8-hit readable/writable register that selects the number of address multiplex column
address bits for the DRAM interface, the column address strobe output pin, enabling or disabling
of refresh cycle insertion, the number of precharge cycles, enabling or disabling of wait state
insertion between RAS and CAS, and enabling or disabling of wait state insertion in refresh
cycles.

DRCRB isinitialized to H'08 by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

The settingsin this register are invalid when bits DRAS2 to DRASO in DRCRA are all 0.

Bits 7 and 6—Multiplex Control 1 and 0 (M XC1, M XCO0): These bits select the row
address/column address multiplexing method used on the DRAM interface. In burst operation,
the row address used for comparison is determined by the setting of these bits and the bus width of
therelevant area set in ABWCR.
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Bit 7 Bit 6
MXC1 MXCO Description
0 0 Column address: 8 bits
Compared address:
Modes 1, 2 8-bit access space A to A,
16-bit access space A to A,
Modes 3, 4, 5 8-bit access space A t0A,
16-bit access space A to A,
1 Column address: 9 bits
Compared address:
Modes 1, 2 8-bit access space A to A,
16-bit access space A oA,
Modes 3, 4, 5 8-bit access space A, to A
16-bit access space A t0A,
1 0 Column address: 10 bits
Compared address:
Modes 1, 2 8-bit access space A t0A,
16-bit access space A oA,
Modes 3, 4, 5 8-bit access space A t0A,
16-bit access space A t0A,
1 lllegal setting

Bit 5—CAS Output Pin Select (CSEL): Selectsthe UCAS and LCAS output pins when areas 2
to 5 are designated as DRAM space.

Bit 5

CSEL Description

0 PB4 and PB5 selected as UCAS and LCAS output pins (Initial value)
1 HWR and LWR selected as UCAS and LCAS output pins

Bit 4—Refresh Cycle Enable (RCY CE): Enables or disables CAS-before-RAS refresh cycle
insertion. When none of areas 2 to 5 has been designated as DRAM space, refresh cycles are not
inserted regardless of the setting of this bit.

Bit 4

RCYCE Description

0 Refresh cycles disabled (Initial value)
1 DRAM refresh cycles enabled
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Bit 3—Reserved: This bit cannot be modified and is alwaysread as 1.

Bit 2—TP Cycle Control (TPC): Selects whether a 1-state or two-state precharge cycle (T,) isto
be used for DRAM read/write cycles and CAS-before-RAS refresh cycles.

The setting of this bit does not affect the self-refresh function.

Bit 2

TPC Description

0 1-state precharge cycle inserted (Initial value)
1 2-state precharge cycle inserted

Bit 1—RAS-CAS Wait (RCW): Controlswait state (Trw) insertion between T, and T, in DRAM
read/write cycles. The setting of this bit does not affect refresh cycles.

Bit 1

RCW Description

0 Wait state (Trw) insertion disabled (Initial value)
1 One wait state (Trw) inserted

Bit 0—Refresh Cycle Wait Control (RLW): Controls wait state (T,,,) insertion for CAS-before-
RAS refresh cycles. The setting of this bit does not affect DRAM read/write cycles.

Bit 0

RLW Description

0 Wait state (T,) insertion disabled (Initial value)
1 One wait state (T,,) inserted

6.2.9 Refresh Timer Control/Status Register (RTMCSR)

Bit 7 6 5 4 3 2 1 0
| CMF | CMIE | CKS2 | CKS1 | CKSO | — | — | — |

Initial value 0 0 0 0 0 1 1 1
Read/Write ~ R(W)* R/W R/W R/W R/W — — —

RTMCSR is an 8-bit readable/writable register that selects the refresh timer counter clock. When
the refresh timer is used as an interval timer, RTMCSR also enables or disables interrupt requests.
Bits 7 and 6 of RTMCSR areinitialized to 0 by areset and in the standby modes. Bits5to 3 are
initialized to 0 by areset and in hardware standby mode; they are not initialized in software
standby mode.
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Note: * Only 0 can be written to clear the flag.

Bit 7—Compare Match Flag (CMF): Status flag that indicates a match between the values of
RTCNT and RTCOR.

Bit 7
CMF Description
0 [Clearing conditions]
When the chip is reset and in standby mode
Read CMF when CMF = 1, then write 0 in CMF (Initial value)
1 [Setting condition]

When RTCNT = RTCOR

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disablesthe CMI interrupt
requested when the CMF flag isset to 1 in RTMCSR. The CMIE bit isaways cleared to 0 when
any of areas 2 to 5 isdesignated as DRAM space.

Bit 6

CMIE Description

0 The CMI interrupt requested by CMF is disabled (Initial value)
1 The CMl interrupt requested by CMF is enabled

Bits5to 3—Refresh Counter Clock Select (CK S2 to CK S0): These bits select the clock to be
input to RTCNT from among 7 clocks obtained by dividing the system clock (¢). When the input
clock is selected with bits CKS2 to CKS0, RTCNT begins counting up.

Bit5 Bit4 Bit3
CKS2 CKS1 CKSO Description

0 0 0 Count operation halted (Initial value)
1 @2 used as counter clock
1 0 @8 used as counter clock
1 @32 used as counter clock
1 0 0 @128 used as counter clock
1 @512 used as counter clock
1 0 2048 used as counter clock
1 @4096 used as counter clock

Bits 2 to 0—Reserved: These bits cannot be modified and are awaysread as 1.
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6.2.10 Refresh Timer Counter (RTCNT)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT isan 8-hit readable/writable up-counter.

RTCNT isincremented by aninternal clock selected by bits CKS2 to CKS0 in RTMCSR. When
RTCNT matches RTCOR (compare match), the CMF flag in RTMCSR isset to 1 and RTCNT is
cleared to H'00. If the RCY CE bit in DRCRB is set to 1 at thistime, arefresh cycleis started.
Also, if the CMIE bitin RTMCSR is set to 1, a compare match interrupt (CMI) is generated.

RTCNT isinitialized to H'00 by areset and in standby mode.

6.2.11 Refresh Time Constant Register (RTCOR)

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR is an 8-hit readable/writable register that determines the interval at which RTCNT is
cleared.

RTCOR and RTCNT are constantly compared. When their values match, the CMF flag isset to 1
in RTMCSR, and RTCNT is simultaneously cleared to H'00.

RTCOR isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Note: Only byte access can be used on this register.

Rev. 5.0, 09/04, page 133 of 978
RENESAS



6.2.12 AddressControl Register (ADRCR)

ADRCR is an 8-hit readable/writable register that selects either address update mode 1 or address
update mode 2 as the address output method.

Bit 7 6 5 4 3 2 1 0
T e e B B Bt

Initial value 1 1 1 1 1 1 1 1
R/W — — — — — — — R/W
Reserved bits Address control

Selects address update
mode 1 or address
update mode 2

ADRCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 1—Reserved: Read-only bits, alwaysread as 1.

Bit 0—Address Control (ADRCTL): Selects the address output method.

Bit 0

ADRCTL Description

0 Address update mode 2 is selected

1 Address update mode 1 is selected (Initial value)
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6.3 Operation

6.3.1 Area Division

The external address spaceisdivided into areas0to 7. Each area has a size of 128 kbytesin the
1-Mbyte modes, or 2-Mbytesin the 16-Mbyte modes. Figure 6.2 shows a general view of the

memory map.

H'00000 H'000000

Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'1FFFF H'1FFFFF
H'20000 H'200000

Area 1 (128 kbytes) Area 1 (2 Mbytes)
H'3FFFF H'3FFFFF
H'40000 H'400000

Area 2 (128 kbytes) Area 2 (2 Mbytes)
H'5FFFF H'5FFFFF
H'60000 H'600000

Area 3 (128 kbytes) Area 3 (2 Mbytes)
H'7FFFF H'7FFFFF
H'80000 H'800000

Area 4 (128 kbytes) Area 4 (2 Mbytes)
H'9FFFF H'9FFFFF
H'A0000 H'A00000

Area 5 (128 kbytes) Area 5 (2 Mbytes)
H'BFFFF H'BFFFFF
H'C0000 H'C00000

Area 6 (128 kbytes) Area 6 (2 Mbytes)
H'DFFFF H'DFFFFF
H'E0000 H'E00000

Area 7 (128 kbytes) Area 7 (2 Mbytes)
H'FFFFF H'FFFFFF

(a) 1-Mbyte modes (modes 1 and 2)

(b) 16-Mbyte modes (modes 3, 4, and 5)

Figure6.2 Access Area Map for Each Operating Mode

Chip select signals (CS, to CS,) can be output for areas 0 to 7. The bus specifications for each
area are selected in ABWCR, ASTCR, WCRH, and WCRL.

In 16-Mbyte mode, the area division units can be selected with the RDEA bit in BCR.
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H'000000 2
Area 0 Area 0 _‘é
2 Mbytes 2 Mbytes s
H'1FFFFF b
H'200000 2
Area 1 Area 1 _%‘
2 Mbytes 2 Mbytes s
H'3FFFFF ~
H'400000 »
Q
Area 2 B
2 Mbytes A B s
§ rea ~
H'SFFFFF 8 Mbytes 'y
H'600000 0
Area 3 B
2 Mbytes =
H'7FFFFF o
H'800000 @
Area 4 g
2 Mbytes 2
H'OFFFFF ~
H'A00000 »
Q
Area 5 g\
2 Mbytes =
H'BFFFFF N
H'C00000 P
Area 6 Area 3 g
2 Mbytes 2 Mbytes 2
H'DFFFFF o
H'E00000 Area 7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEEO00
On-chip registers (1) On-chip registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
H'FF7FFF
H'FF8000 Area 5
HFF8FFF 4 kbytes
H'FF9000
Area 7 Area 6 2
67.5 kbytes 23.75 kbytes g‘
=
2] o~
H'FFEF1F oo
= ©
H'FFEF20 2%
o u
0 n
Qo o
<3
On-chip RAM On-chip RAM ]
4 kbytes 4 kbytes®
HFFFEFF| _ _ _ _ e e _L _
H'FFFFO0
[%2]
H'FFFF1F 2
H'FFFF20 £
On-chip registers (2) On-chip registers (2) o9
H'FFFFE9 é g
HFFFFEA Area 7 Area 7 B
p— 22 bytes 22 bytes 1

(A) Memory map when RDEA =1

Note: * Area 6 when the RAME bit is cleared.

(b) Memory map when RDEA =0

Figure6.3 Memory Map in 16-Mbyte Mode
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements: (1) bus width, (2) number of
access states, and (3) number of program wait states.

The bus width and number of access states for on-chip memory and registers are fixed, and are not
affected by the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an 8-bit
bus is selected functions as an 8-bit access space, and an area for which a 16-bit busis selected
functions as al6-hit access space.

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any areais designated for 16-
bit access, 16-bit bus mode is set.

Number of Access States: Two or three access states can be selected with ASTCR. An areafor
which two-state access is selected functions as a two-state access space, and an area for which
three-state access is selected functions as a three-state access space.

DRAM spaceis accessed in four states regardless of the ASTCR settings.
When two-state access space is designated, wait insertion is disabled.

Number of Program Wait States: When three-state access space is designated in ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

When ASTCRis cleared to O for DRAM space, a program wait (T_-T_, wait) isnot inserted. Also,
no program wait isinserted in burst ROM space burst cycles.

Table 6.3 shows the bus specifications for each basic bus interface area.
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Table6.3 Bus Specificationsfor Each Area (Basic BusInterface)

ABWCR ASTCR WCRH/WCRL Bus Specifications (Basic Bus Interface)

ABWn ASTn wn1l WnO Bus Width  Access States Program Wait States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 0
1 1
1 0 2
1 3

Note: n=7to0

6.3.3 Memory Interfaces

The H8/3069R memory interfaces comprise abasic bus interface that allows direct connection of
ROM, SRAM, and so on; aDRAM interface that allows direct connection of DRAM; and a burst
ROM interface that allows direct connection of burst ROM. The interface can be selected
independently for each area.

An areafor which the basic bus interface is designated functions as normal space, an areafor
which the DRAM interface is designated functions as DRAM space, and area O for which the
burst ROM interface is designated functions as burst ROM space.
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6.3.4 Chip Select Signals

For each of areas 0 to 7, the H8/3069R can output a chip select signal (CS, to CS,) that goes low
when the corresponding areais selected in expanded mode. Figure 6.4 shows the output timing of
aCSnsignal.

Output of CS, to CS,: Output of CS, to CS, is enabled or disabled in the data direction register
(DDR) of the corresponding port.

In the expanded modes with on-chip ROM disabled, areset leaves pin CS, in the output state and
pins CS, to CS, in the input state. To output chip select signals CS, to CS,, the corresponding
DDR bits must be set to 1. In the expanded modes with on-chip ROM enabled, areset leaves pins
CS, to CS, in the input state. To output chip select signals CS, to CS,, the corresponding DDR bits
must be set to 1. For details, see section 8, 1/0O Ports.

Output of CS, to CS,: Output of CS, to CS, is enabled or disabled in the chip select control
register (CSCR). A reset leaves pins CS, to CS, in the input state. To output chip select signals
CS, to CS,, the corresponding CSCR bits must be setto 1. For details, see section 8, 1/O Ports.

° | L

Address >< External address in area n ><

CSn

Figure6.4 CSn Signal Output Timing (n=0to7)

When the on-chip ROM, on-chip RAM, and on-chip registers are accessed, CS, to CS, remain
high. The CS, signals are decoded from the address signals. They can be used as chip select
signalsfor SRAM and other devices.
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6.3.5 Address Output Method

The H8/3069R provides a choice of two address update methods: either the same method asin the
previous H8/300H Series (address update mode 1), or a method in which address update is
restricted to external space accesses or self-refresh cycles (address update mode 2).

Figure 6.5 shows examples of address output in these two update modes.

On-chip External On-chip External On-chip
memory cycle read cycle memory cycle read cycle memory cycle
Address update X X
mode 1

Address update
mode 2

" I W

Figure6.5 Sample Address Output in Each Address Update M ode
(Basic BusInterface, 3-State Space)

Address Update Mode 1: Address update mode 1 is compatible with the previous H8/300H
Series. Addresses are always updated between bus cycles.

Address Update Mode 2: In address update mode 2, address updating is performed only in
external space accesses or self-refresh cycles. In this mode, the address can be retained between
an external space read cycle and an instruction fetch cycle (on-chip memory) by placing the
program in on-chip memory. Address update mode 2 is therefore useful when connecting a
device that requires address hold time with respect to the rise of the RD strobe.

Switching between address update modes 1 and 2 is performed by means of the ADRCTL hitin
ADRCR. Theinitial value of ADRCR is the address update mode 1 setting, providing
compatibility with the previous H8/300H Series.
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Cautions: When using address update modes, the following points should be noted.

*  When address update mode 2 is selected, the address in an internal space (on-chip memory or
internal 1/0) access cycleis not output externally.

« Inorder to secure address holding with respect to the rise of RD, when address update mode 2
isused an external space read access must be completed within asingle access cycle. For
example, in aword access to 8-hit access space, the bus cycle is split into two as shown in
figure 6.6, and so thereis not asingle access cycle. In this case, address holding is not
guaranteed at the rise of RD between the first (even address) and second (odd address) access
cycles (areainside the ellipse in the figure).

. External read cycle .
On-chip (8-bit space word access) On-chip
memory cycle memory cycle
Address update Even addres/s \Odd address
mode 2

Figure6.6 Example of Consecutive External Space Accessesin Address Update Mode 2

e When address update mode 2 is selected, in aDRAM space CAS-before-RAS (CBR) refresh
cycle the previous address is retained (the area 2 start address is not outpuit).
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6.4 Basic BusInterface

6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL
(seetable 6.3).

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D, to D,) or lower data bus (D, to D,) is used according to the bus specifications
for the area being accessed (8-bit access area or 16-bit access area) and the data size.

8-Bit Access Areas. Figure 6.7 illustrates data alignment control for 8-bit access space. With 8-
bit access space, the upper data bus (D, to D,) is always used for accesses. The amount of data
that can be accessed at one time is one byte: aword accessis performed as two byte accesses, and
alongword access, as four byte accesses.

Upper data bus Lower data bus
|D15 D&LDJ

Byte size [

Word size 1st bus cycle |

L 2nd bus cycle |

[ 1st bus cycle

L d si
ohgword size 2nd bus cycle

3rd bus cycle

L 4th bus cycle

Figure6.7 Access Sizesand Data Alignment Control (8-Bit Access Area)

16-Bit Access Areas. Figure 6.8 illustrates data alignment control for 16-bit access areas. With
16-bit access areas, the upper data bus (D, to D,) and lower data bus (D, to D,) are used for
accesses. The amount of data that can be accessed at one time is one byte or one word, and a
longword access is executed as two word accesses.
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In byte access, whether the upper or lower data busis used is determined by whether the address
iseven or odd. The upper databusis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 D8|D_7 _____________ DQI
Byte size - Even address | |
Byte size - Odd address | : : : : : : : |
Word size | — T | — T |

Longword size |:lstbuscycle | : : : : : : : : : : : : : :

2nd bus cycle |

Figure6.8 Access Sizes and Data Alignment Control (16-Bit Access Area)

6.4.3 Valid Strobes
Table 6.4 shows the data buses used, and the valid strobes, for the access spaces.
In aread, the RD signal isvalid for both the upper and the lower half of the data bus.

In awrite, the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the
lower half.
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Table6.4 DataBusesUsed and Valid Strobes

Access Upper Data Bus Lower Data Bus
Area Size Read/Write Address Valid Strobe (D, to D,) (D,to D)
8-bit Byte Read — RD Valid Invalid
access Write — HWR Undetermined
area data
16-bit Byte Read Even RD Valid Invalid
access Odd Invalid Valid
area Write Even HWR Valid Undetermined
data
Odd LWR Undetermined Valid
data
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Notes: 1. Undetermined data means that unpredictable data is output.
2. Invalid means that the bus is in the input state and the input is ignored.

6.44 Memory Areas

Theinitial state of each areais basic businterface, three-state access space. Theinitial bus width
is selected according to the operating mode. The bus specifications described here cover basic
items only, and the following sections should be referred to for further details: Sections 6.4, Basic
Bus Interface, 6.5, DRAM Interface, and 6.8, Burst ROM Interface.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, al of areaO is
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

When area 0 external space is accessed, the CS, signal can be output.

Either basic bus interface or burst ROM interface can be selected for area 0.

The size of area 0 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3, 4, and 5.

Areas 1 and 6: In external expansion mode, areas 1 and 6 are entirely external space.

When area 1 and 6 external space is accessed, the CS, and CS, pin signals respectively can be
output.

Only the basic businterface can be used for areas 1 and 6.

Thesize of areas 1 and 6 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3, 4, and 5.
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Areas2t05: In external expansion mode, areas 2 to 5 are entirely external space.

When area 2 to 5 external space is accessed, signals CS, to CS, can be output.

Basic businterface or DRAM interface can be selected for areas 2 to 5. With the DRAM
interface, signals CS, to CS, are used asRAS signals.

The size of areas 2 t0 5 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3, 4, and 5.

Area 7: Area7 includes the on-chip RAM and registers. In external expansion mode, the space
excluding the on-chip RAM and registersis external space. The on-chip RAM isenabled when
the RAME hit in the system control register (SY SCR) is set to 1; when the RAME bit is cleared to
0, the on-chip RAM is disabled and the corresponding space becomes external space .

When area 7 external space is accessed, the CS, signal can be output.

Only the basic businterface can be used for the area 7 memory interface.

The size of area 7 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3, 4, and 5.
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6.4.5 Basic Bus Control Signal Timing
8-Bit, Three-State-Access Areas

Figure 6.9 shows the timing of bus control signals for an 8-hit, three-state-access area. The upper
data bus (D, to D,) is used in accesses to these areas. The LWR pinisaways high. Wait states
can be inserted.

] ]
e——— Buscycle ——

T1 ' T2 i T3

LI I

1
1
1
1
1
Address bus X Exte'rnal address in area n
1
1

‘“xn_n_

:

1
valid |

Read access { Disto Ds

!

;

D7to Do Invalid
HWR |
LWR High

Write access

Undetermined data >—
' 1
1 .

1

1

1

I

i
DistoDg —— ! Valid

:

| D7to Do _'_< |

1

Note: n=7t00

Figure6.9 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas

Figure 6.10 shows the timing of bus control signals for an 8-bit, two-state-access area. The upper
data bus (D, to D,) is used in accesses to these areas. The LWR pinisaways high. Wait states
cannot be inserted.

1 1
«———— Buscycle ——
I I

! T1 | T2 !
0 [ 1 I
I I
1 ! 1
Address bus 'X. External address in area n EX
I
I

cs, |

Read access { Disto Dg @—

_ —l—l_i_,—l_

D7to Do

I
)

LWR High

Write access

]
]
|
1
|
1
Disto Dg _:_<

| D7to Do —'—( Undetermined data >—

Valid

[

Note: n=71t00

Figure6.10 BusControl Signal Timing for 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas

Figures 6.11 to 6.13 show the timing of bus control signals for a 16-hit, three-state-access area. In
these aress, the upper data bus (D, to D,) is used in accesses to even addresses and the lower data
bus (D, to D,) in accesses to odd addresses. Wait states can be inserted.

| Bus cycle :
1 1
! T1 | T2 | T3 !
o | L1 | I
1 1
I I I I
Address bus X Even external address in area n EX
1 ' ' 1
1 ! ! 1
I I
CSn | : :
| : : |
s 1 ! ! 1
AS | | i i | H
I ; ; I
N | I —
—_— | 1 1
RD | | 1 |
! ! ! !
1 1 .
! ! ! !
] ]
i | | |
HWR l i | :
1 1
| i i |
LWR i High ! ! i
] ]
Write access ! ' ' !
1 .
Disto Ds —'—<| ' Valid ! ) —
| ! ! :
1
| D7to Do —:—( | Undetermined data !
i

Note: n=7t00

Figure6.11 BusControl Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Accessto Even Address)
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]
<«———— Buscycle ——

T1 ' T2 T3

SR e W e A e O
wean X

1
1
Address bus Odd external address in area n

CSn

—

i

i
1
1
1
;
1
1
1
i
1
1
1
i
—  Invalid y——
i
1
1
I
1
1
;
I
1
1
1
1
|
1
1

Read access { Disto Dg

HWR High
LWR

Write access

Disto Dg —'_<
| D7to Do —'—(

Undetermined data

TT}

1
.
valid |
1

Note: n=7t00

Figure6.12 BusControl Signal Timing for 16-Bit, Three-State-Access Area (2)
(Byte Accessto Odd Address)
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1
e—— Buscycle ——»
1

! T2 | T3

o _| I_I I I

Address bus External address in ar'ea n

CSn

b

1

1

1

1

1

:

1

1

1

1

1

1

1

1

1

—  Valid >—
|

1
1
; Valid
1
1
1
1
1
1
1
1
|
[
1
1
1
1
1
1
1
;

Read access { Disto Dg
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Figure6.13 BusControl Signal Timing for 16-Bit, Three-State-Access Area (3)
(Word Access)
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16-Bit, Two-State-Access Areas. Figures 6.14 to 6.16 show the timing of bus control signals for
a 16-bit, two-state-access area. In these areas, the upper data bus (D, to D,) is used in accesses to
even addresses and the lower data bus (D, to D) in accesses to odd addresses. Wait states cannot
be inserted.

le— Bus cycle _
1
! T1 i T2

9 [ 1 L |

1
Address bus X Even external address in area n:X
1 T

s —
RD i |

1

1

I

i

1
i

HWR | | |

s
|
1
1
1
I
1

Read access { D15t0 Ds

D7to Do

LWR High

Write access

1T

Valid

i
|
I
|
|
Disto Dg _'_< :
| i

D7to Do —E—( Undetermined data
I

Note: n=7t00

Figure6.14 BusControl Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Accessto Even Address)
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|
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|

Write access

1
1
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|
1
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i
1
1

L D7to Do

|

Note: n=7t00

Figure6.15 BusControl Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Accessto Odd Address)
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\ 1
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Note: n=7to0

Figure6.16 BusControl Signal Timing for 16-Bit, Two-State-Access Area (3)
(Word Access)

6.4.6 Wait Control

When accessing external space, the H8/3069R can extend the bus cycle by inserting one or more
wait states (T,). There are two ways of inserting wait states: (1) program wait insertion and (2)

pin wait insertion using the WAIT pin.

Program Wait Insertion: From O to 3 wait states can be inserted automatically between the T,
state and T, state on an individual areabasis in three-state access space, according to the settings

of WCRH and WCRL.

Pin Wait Insertion: Setting the WAITE bit in BCR to 1 enables wait insertion by means of the
WAIT pin. When external space is accessed in this state, a program wait isfirst inserted. If the
WAIT pinislow at thefalling edge of @in thelast T, or T,, state, another T, state isinserted. |If
the WAIT pinisheld low, T, states are inserted until it goes high.
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Thisis useful when inserting four or more T, states, or when changing the number of T,, states for
different external devices.

The WAITE hit setting appliesto all areas. Pin waits cannot be inserted in DRAM space.

Figure 6.17 shows an example of the timing for insertion of one program wait state in 3-state
space.

Inserted

by program wait Inserted by WAIT pin
et T2 | Tw | Tw | Tw | Ts
| I I | I I

WAIT

Address bus

A

(@)

lJ il

RD

Read access <

Data bus Read data

HWR, LWR

Write access <

Data bus Write data

L]

Note: ¥ indicates the timing of WAIT pin sampling.

Figure6.17 Example of Wait State Insertion Timing
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6.5 DRAM Interface

6.5.1 Overview

The H8/3069R is provided with a DRAM interface with functions for DRAM control signal

(RAS, UCAS, LCAS, WE) output, address multiplexing, and refreshing, that direct connection of
DRAM. In the expanded modes, external address space areas 2 to 5 can be designated as DRAM
space accessed viathe DRAM interface. A data bus width of 8 or 16 bits can be selected for
DRAM space by means of a setting in ABWCR. When a 16-bit data bus width is selected, CASis
used for byte access control. In the case of x 16-bit organization DRAM, therefore, the 2-CAS
type can be connected. A fast page mode is supported in addition to the normal read and write
access modes.

6.5.2 DRAM Space and RAS Output Pin Settings

Designation of areas 2 to 5 as DRAM space, and selection of the RAS output pin for each area
designated as DRAM space, is performed by setting bits in DRCRA. Table 6.5 showsthe
correspondence between the settings of bits DRAS2 to DRA SO and the selected DRAM space and
RAS output pin.

When an arbitrary value has been set in DRAS2 to DRA SO, awrite of adifferent value other than
000 must not be performed.
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Table 6.5
Output Pin)

DRAS2 DRAS1 DRASO Area5

Area 4

Area 3

Settings of Bits DRAS2 to DRASO and Corresponding DRAM Space (RAS

Area 2

0 0 0 Normal space Normal space Normal space Normal space
1 Normal space Normal space Normal space DRAM space
(CS)
1 0 Normal space Normal space DRAM space DRAM space
(CS) (CS)
1 Normal space Normal space DRAM space DRAM space
(CS)* (CS)*
1 0 0 Normal space DRAM space DRAM space DRAM space
(CS) (CS) (CS)
1 DRAM space DRAM space DRAM space DRAM space
(CS) (CS) (CS) (CS)
1 0 DRAM space DRAM space DRAM space DRAM space
(CS)* (CS)* (CS)* (CS)*
1 DRAM space DRAM space DRAM space DRAM space
(CS)* (CS)* (CS)* (CS)*

Note: * Asingle @n pin serves as a common RAS output pin for a number of areas. Unused
CS, pins can be used as input/output ports.

6.5.3

Address M ultiplexing

When DRAM space is accessed, the row address and column address are multiplexed. The
address multiplexing method is selected with bits MXC1 and MXCO in DRCRB according to the
number of bitsin the DRAM column address. Table 6.6 shows the correspondence between the
settings of MXC1 and MXCO and the address multiplexing method.
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Table6.6  Settingsof BitsMXC1 and M XCO and Address Multiplexing Method

Column
DRCRB Address Address Pins
MXC1 MXCO Bits A oA, A, A, A, A, A, AL A A A A A A A
ROW O O 8 blts AZS to AlS AZO* AlQ AlB Al7 AlE A15 A14 AlS AlZ All 10 9 8
address
1 9 blts A23 tO A13 AlZ AZO* A19 A18 A17 16 15 14 A13 12 11 10 9
1 O 10 bits AZS to AlS A12 All AZO* AlQ Alﬂ A17 AlE AlS AlA AlS A12 All AlO
1 lllegal — —_ — = - - - - = = = = = —
setting
Column — — — A oA, A, A, A, A, A, AL AL A A A A A A
address

Note: * Row address bit A, is not multiplexed in 1-Mbyte mode.

6.5.4 Data Bus

If the bit in ABWCR corresponding to an area designated as DRAM spaceis set to 1, that areais
designated as 8-bit DRAM space; if the bit is cleared to O, the area is designated as 16-bit DRAM
space. In 16-bit DRAM space, x 16-hit organization DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D,, to D,, is enabled, while in 16-bit DRAM
space both the upper and lower halves of the data bus, D, to D, are enabled.

Access sizes and data alignment are the same as for the basic bus interface: see section 6.4.2, Data
Size and Data Alignment.

6.5.5 Pins Used for DRAM Interface

Table 6.7 shows the pins used for DRAM interfacing and their functions.
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Table6.7 DRAM Interface Pins

With DRAM

Pin Designated Name /0 Function

PB4 UCAS Upper column Output  Upper column address strobe for DRAM
address strobe space access (when CSEL = 0 in DRCRB)

PB5 LCAS Lower column Output  Lower column address strobe for DRAM
address strobe space access (when CSEL =0 in DRCRB)

HWR UCAS Upper column Output  Upper column address strobe for DRAM
address strobe space access (when CSEL = 1 in DRCRB)

LWR LCAS Lower column Output  Lower column address strobe for DRAM
address strobe space access (when CSEL =1 in DRCRB)

CS, RAS, Row address Output ~ Row address strobe for DRAM space
strobe 2 access

CS, RAS, Row address Output  Row address strobe for DRAM space
strobe 3 access

CS, RAS, Row address Output ~ Row address strobe for DRAM space
strobe 4 access

CS, RAS, Row address Output  Row address strobe for DRAM space
strobe 5 access

RD WE Write enable Output  Write enable for DRAM space write

access*
P80 RFSH Refresh Output  Goes low in refresh cycle
A,10A, A,t0A Address Output  Row address/column address multiplexed
output
D, toD, D, toD, Data I/0 Data input/output pins

Note: * Fixed high in a read access.

6.5.6 Basic Timing

Figure 6.18 shows the basic access timing for DRAM space. The basic DRAM accesstiming is
four states: one precharge cycle (T,) state, one row address output cycle (T,) state, and two column
address output cycle (T, T,,) states. Unlike the basic bus interface, the corresponding bitsin
ASTCR control only enabling or disabling of wait insertion between T_ and T_,, and do not affect
the number of access states. When the corresponding bit in ASTCR is cleared to 0, wait states
cannot be inserted between T and T, in the DRAM access cycle.

If aDRAM read/write cycleisfollowed by an access cycle for an externa area other than DRAM
space when HWR and LWR are selected as the UCAS and LCAS output pins, an idle cycle (Ti) is
inserted unconditionally immediately after the DRAM access cycle. See section 6.9, Idle Cycle,
for details.
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Read access

Write access

Aoz to Ag

CSn (RAS)

PB, /PBs
(UCAS /| LCAS)

D(WE)

D15 to Do

PB, /PBs
(UCAS / LCAS)

D(WE)

D15 to Do

Note:n=2to5

| Tp | Tr P Ta | Te2 |
'x X Row X Column i 1
| | High level | |
i High level i i i
) i i (. —
— ! ! : :
— i Y :
— : g — r—

Figure6.18 Basic Access Timing (CSEL =0in DRCRB)

6.5.7 Prechar ge State Control

In the H8/3069R, provision is made for the DRAM RAS precharge time by always inserting one
RAS precharge state (T) when DRAM space is accessed. This can be changed to two T, states by
setting the TPC bit to 1 in DRCRB. The optimum number of T cycles should be set according to
the DRAM connected and the operating frequency of the H8/3069R chip. Figure 6.19 showsthe
timing when two T states are inserted.

When the TCP bitis set to 1, two T, states are also used for CAS-before-RAS refresh cycles.
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| | | | 1 1
| | | 1 1 1
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: | | 1 1 :
| | 1 1 1
T T 1 1
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PB, /PBg T T i | |'
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— ! | | i |
— | | | ' i
D15 to Do 1 . ' : < i :>
_:_/ : : : " !
H | | 1 ! 1
PB, /PBs . : i | |
(UCAS /LCAS) J ' ' i i i
' | | | i i
H | | 1 ! 1
| | | | ! |
Write access RD(WE) _I ! ! ! | i | '
1
! | . i i i
1 | | 1 ! |
\ | | | [ i
D150 Do ! T T T I |
— ; | O >

Note:n=2to 5

Figure6.19 Timing with Two Precharge States (CSEL =0in DRCRB)

6.5.8 Wait Control

InaDRAM access cycle, wait states can beinserted (1) betweenthe T, state and T, state, and (2)
betweenthe T state and T, state.

Insertion of T,, Wait State between T, and T : One T, state can be inserted between T, and T
by setting the RCW bit to 1 in DRCRB.

Insertion of T, Wait State(s) between T_ and T_: When the bit in ASTCR corresponding to an
area designated as DRAM spaceis set to 1, from O to 3 wait states can be inserted between the T
state and T, state by means of settingsin WCRH and WCRL.

Figure 6.20 shows an example of the timing for wait state insertion.
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The settings of the RCW bit in DRCRB and of ASTCR, WCRH, and WCRL do not affect refresh
cycles. Wait states cannot be inserted in aDRAM space access cycle by means of the WAIT pin.

DT L Tr i Tw i T 1 Tw 1 Tw o Tep
1 1
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1 1

1
o XX

I

1

1

1

I

I

1
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RD(WE,
(WE) High level

D15 to Do Read data

ﬂ

PB,/PB;
(UCAS /LCAS) .
Write access |

RDWE) __|

1

1

:

;

PB,/PB I
(UCAS /LCAS) !
1

1

1

1

1

]

1

1

1

1

]

1

N

Write data

D15 to Do

Note:n=2to5

Figure 6.20 Example of Wait State Insertion Timing (CSEL = 0)

6.5.9 Byte Access Control and CAS Output Pin

When an access is made to DRAM space designated as a 16-bit-access areain ABWCR, column
address strobes (UCAS and LCAS) corresponding to the upper and lower halves of the external
data bus are output. In the case of x 16-bit organization DRAM, the 2-CAStype can be
connected.

Either PB4 and PB5, or HWR and LWR, can be used asthe UCAS and LCAS output pins, the
selection being made with the CSEL bit in DRCRB. Table 6.8 shows the CSEL bit settings and
corresponding output pin selections.
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When an access is made to DRAM space designated as an 8-bit-access areain ABWCR, only
UCAS isoutput. When the entire DRAM space is designated as 8-bit-access space and CSEL =0,
PB5 can be used as an input/output port.

Note that RAS down mode cannot be used when a device other than DRAM is connected to
external space and HWR and LWR are used as write strobes. In this case, also, anidle cycle (Ti)
is aways inserted when an external access to other than DRAM space occurs after a DRAM space
access. For details, see section 6.9, Idle Cycle.

Table6.8 CSEL Settingsand UCAS and LCAS Output Pins

CSEL UCAS LCAS
0 PB, PB,
1 HWR LWR

Figure 6.21 shows the control timing.

Tr Tc]_ Tc2

1
! To
1
1
1

- -
::X

A2z t0 Ao Row

CSn (RAS)

PB,(UCAS)

Byte control

PBs(LCAS)

e |__ |___=;i-_ | o

RD(WE)

ek TR TR S B

Note:n=2to5

Figure6.21 Control Timing (Upper-Byte Write Access When CSEL = 0)
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6.5.10 Burst Operation

With DRAM, in addition to full access (normal access) in which datais accessed by outputting a
row address for each access, afast page mode is also provided which can be used when making a
number of consecutive accesses to the same row address. This mode enables fast (burst) access of
data by simply changing the column address after the row address has been output. Burst access
can be selected by setting the BE bit to 1 in DRCRA.

Burst Access (Fast Page M ode) Operation Timing: Figure 6.22 shows the operation timing for
burst access. When there are consecutive access cycles for DRAM space, the column address and
CAS signal output cycles (two states) continue as long as the row addressis the same for
consecutive access cycles. In burst access, too, the bus cycle can be extended by inserting wait
states between T, and T,,. The wait state insertion method and timing are the same as for full
access. see section 6.5.8, Wait Control, for details.

The row address used for the comparison is determined by the bus width of the relevant area set in
bits MXC1 and MXCO in DRCRB, and in ABWCR. Table 6.9 shows the compared row addresses
corresponding to the various settings of bits MXC1 and MXCO0, and ABWCR.

e g T o Ta 4 T2 3 Ta T |
i | i i i i i
o LT LI LI L LI
A2z to Ao:% D( Row D( Column 1 D( Column 2 DC
! ! ! ! ! ! !
AS ! ! ! High level ! ! !
1 1 1 1 1 1 1
1 1 1 1
CSn(RAS) | . | : i | i l_
PB,/PB; ' ! ! i .'—l | :
S —— 1 1 1 I
(UCAS /LCAS) J: i i i . E I:—
Read access _ T T T T T T
RD(WE) | | | | | |
I
D e o SV S G =
1 1 1 1 1 1 1
1 1 1 1 1 1 1
PB,/PBs ] ; ; I—
(UCAS/LCAS) : i i ! ! ! :
1 1 1 1 1 1 1
Write access - T 1 1
RD(WE) 1 1 1 1 1 1
== ==
D15 to Do 3 ; ; ( é | é D—

B

Note:n=2to 5

Figure6.22 Operation Timing in Fast Page Mode
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Table6.9 Correspondence between Settings of MXC1 and MXCO Bitsand ABWCR, and
Row Address Compared in Burst Access

DRCRB ABWCR
Operating Mode MXC1 MXCO ABWn Bus Width Compared Row Address
Modes 1 and 2 0 0 0 16 bits A19 to A9
(1-Mbyte) 1 8 bits A19 to A8
1 0 16 bits A19 to A10
1 8 bits A19 to A9
1 0 0 16 bits Al19to All
1 8 bits A19 to A10
— — lllegal setting
Modes 3,4,and5 O 0 0 16 bits A23 to A9
(16-Mbyte) 1 8 bits A23 10 A8
1 0 16 bits A23 to A10
1 8 bits A23 to A9
1 0 0 16 bits A23to All
1 8 bits A23 to A10
1 — — lllegal setting

Note: n=2to5

RAS Down Mode and RAS Up Mode: With DRAM provided with fast page mode, aslong as
accesses are to the same row address, burst operation can be continued without interruption even
if accesses are not consecutive by holding the RAS signal low.

« RASDown Mode

To select RAS down mode, set the BE and RDM bitsto 1 in DRCRA. If accessto DRAM
space isinterrupted and another space is accessed, the RAS signal is held low during the
access to the other space, and burst accessis performed if the row address of the next DRAM
space access is the same as the row address of the previous DRAM space access. Figure 6.23
shows an example of the timing in RAS down mode.
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Note:n=2to5

Figure6.23 Example of Operation Timingin RAS Down Mode (CSEL = 0)

When RAS down mode is selected, the conditions for an asserted RASn signal to return to the
high level are as shown below. Thetiming in these casesis shown in figure 6.24.

O When DRAM space with adifferent row addressis accessed
O Immediately before a CAS-before-RAS refresh cycle

0 When the BE bit or RDM bit iscleared to 0 in DRCRA

O Immediately before release of the external bus
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o LML
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(a) Access to DRAM space with a different row address

| CBR refresh cycle

RASh A

(b) CAS-before-RAS refresh cycle

. DRCRA write cycle
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RASn i !

(c) BE bit or RDM bit cleared to 0 in DRCRA

I I External bus released I

I I
I I
' High-imped
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— I I
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(d) External bus released

Note:n=2to5

Figure6.24 RASn Negation Timing when RAS Down Modeis Selected
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When RAS down mode is selected, the CAS-before-RAS refresh function provided with this
DRAM interface must always be used as the DRAM refreshing method. When arefresh
operation is performed, the RAS signal goes high immediately beforehand. The refresh
interval setting must be made so that the maximum DRAM RAS pulse width specification is
observed.

When the self-refresh function is used, the RDM bit must be cleared to 0, and RAS up mode
selected, before executing a SLEEP instruction in order to enter software standby mode.
Select RAS down mode again after exiting software standby mode.

Note that RAS down mode cannot be used when HWR and LWR are selected for UCAS and
LCAS, adevice other than DRAM is connected to external space, and HWR and LWR are
used as write strobes.

RAS Up Mode

To select RAS up mode, clear the RDM bit to 0 in DRCRA. Each time accessto DRAM space
isinterrupted and another space is accessed, the RAS signal returnsto the high level. Burst
operation isonly performed if DRAM space is continuous. Figure 6.25 shows an example of
thetiming in RAS up mode.

External space

DRAM access , DRAM access | access ,
I 1 I
Tp . Tr T | T2z ' Teaa | Tz v T2 T2 1}
I ] ] ] I I ] I
¢ |
1
I I
I I
Aoz to Ao X X:
I I I
I I I
I 1 1
I I I
I I I
—
JR— I I
AS ! !
I I
I I
I
I I
I I
| .
I

CSn(RAS) |

PB,/PBs
(UCAS/LCAS)

D15 to Do ji

L

N

Y

Note:n=2to5

Figure6.25 Example of Operation Timingin RAS Up Mode
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6.5.11 Refresh Control

The H8/3069R is provided with a CAS-before-RAS (CBR) function and self-refresh function as
DRAM refresh control functions.

CAS-Before-RAS (CBR) Refreshing: To select CBR refreshing, set the RCYCE bitto 1in
DRCRB.

With CBR refreshing, RTCNT counts up using the input clock selected by bits CKS2 to CKS0 in
RTMCSR, and arefresh request is generated when the count matches the value set in RTCOR
(compare match). At the sametime, RTCNT isreset and starts counting up again from H'00.
Refreshing isthus repeated at fixed intervals determined by RTCOR and bits CKS2 to CKS0. A
refresh cycle is executed after this refresh request has been accepted and the DRAM interface has
acquired the bus. Set avalue in bits CKS2 to CKS0 in RTCOR that will meet the refresh interval
specification for the DRAM used. When RAS down mode is used, set the refresh interval so that
the maximum RAS pulse width specification is met.

RTCNT starts counting up when bits CKS2 to CKS0 are set. RTCNT and RTCOR settings should
therefore be completed before setting bits CKS2 to CKS0.

Also note that a repeat refresh request generated during a bus request, or a refresh request during
refresh cycle execution, will be ignored.

RTCNT operation is shown in figure 6.26, compare match timing in figure 6.27, and CBR refresh
timing in figures 6.28 and 6.29.

RTCNT
RTCOR  ------ C ________________________________________________
H'00
Refresh request M1 | M M M

Figure6.26 RTCNT Operation
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RTCNT N X H'00

RTCOR N

Refresh request signal
and CMF bit setting signal

Figure6.27 Compare Match Timing

Trp Tr1 Tr2

Area 2 start address
1

Address bus*

'mEE

CSn(RAS)

PB,/PB;
(UCASILCAS)

High

RD(WE)

RFSH

AS High level

Note: * In address update mode 1, the area 2 start address is output.
In address update mode 2, the address in the preceding bus cycle is retained.

Figure6.28 CBR Refresh Timing (CSEL =0, TPC =0, RLW =0)

The basic CBS refresh cycle timing comprises three states: one RAS precharge cycle (T,,) state,
and two RAS output cycle (T,,, T,,) states. Either one or two states can be selected for the RAS
precharge cycle. When the TPC bit is set to 1 in DRCRB, RAS signal output is delayed by one

cycle. Thisdoes not affect the timing of UCAS and LCAS output.
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Use the RLW bit in DRCRB to adjust the RAS signal width. A single refresh wait state (T,,,) can
be inserted between the T, state and T, state by setting the RLW bit to 1.

The RLW bit setting is valid only for CBR refresh cycles, and does not affect DRAM read/write
cycles. The number of statesin the CBR refresh cycle is not affected by the settingsin ASTCR,
WCRH, or WCRL, or by the state of the WAIT pin.

Figure 6.29 shows the timing when the TPC bit and RLW bit are both set to 1.

Trp1 TrP2 Tr1 Trw Tr2

Area 2 start addrtless

Address bus* ix

T

CSn(RAS)

PB,/PB;
(UCASILCAS) —

I
[
e
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

RD(WE) High

RFSH

AS

High level

Note: * In address update mode 1, the area 2 start address is output.
In address update mode 2, the address in the preceding bus cycle is retained.

Figure6.29 CBR Refresh Timing (CSEL =0, TPC = 1, RLW = 1)

DRAM must be refreshed immediately after powering on in order to stabilize its internal state.
When using the H8/3069R CAS-before-RAS refresh function, therefore, a DRAM stabilization
period should be provided by means of interrupts by another timer module, or by counting the
number of times bit 7 (CMF) of RTMCSR is s&t, for instance, immediately after bits DRAS2 to
DRASO have been set in DRCRA.

Self-Refreshing: A self-refresh mode (battery backup mode) is provided for DRAM as akind of
standby mode. In this mode, refresh timing and refresh addresses are generated within the
DRAM. The H8/3069R has a function that places the DRAM in self-refresh mode when the chip
enters software standby mode.
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To use the self-refresh function, set the SRFMD bit to 1 in DRCRA. When a SLEEP instruction is
subsequently executed in order to enter software standby mode, the CAS and RAS signals are
output and the DRAM enters self-refresh mode, as shown in figure 6.30.

When the chip exits software standby mode, CAS and RAS outputs go high.
The following conditions must be observed when the self-refresh function is used:

* When burst accessis selected, RAS up mode must be selected before executing a SLEEP
instruction in order to enter software standby mode. Therefore, if RAS down mode has been
selected, the RDM bit in DRCRA must be cleared to 0 and RAS up mode selected before
executing the SLEEP instruction. Select RAS down mode again after exiting software standby
mode.

e Theinstruction immediately following a SLEEP instruction must not be located in an area
designated as DRAM space.

The self-refresh function will not work properly unless the above conditions are observed.

Software standby  Oscillation stabilization

i mode i time
! |
) 1
High-imped Pul—
Address bus D igh-impedance C
1
! 1
! 1
CSn(RAS) : |
|
! i
- ! .
PB4(UCAS) | ! : Ii
! :
- ! !
PBg(LCAS) | ! :
T e ! 1
] |
RD(WE) I : ;
i !
1
RFSH ! |
1
1

Figure6.30 Self-Refresh Timing (CSEL =0)

Refresh Signal (RFSH): A refresh signal (RFSH) that transmits a refresh cycle off-chip can be
output by setting the RFSHE bit to 1 in DRCRA. RFSH output timing is shown in figures 6.28,
6.29, and 6.30.
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6.5.12 Examplesof Use

Examples of DRAM connection and program setup procedures are shown below. When the
DRAM interface is used, check the DRAM device characteristics and choose the most appropriate
method of use for that device.

Connection Examples

» Figure 6.31 shows typical interconnections when using two 2-CAS type 16-Mbit DRAMs
using a x 16-hit organization, and the corresponding address map. The DRAMs used in this
example are of the 10-hit row address x 10-bit column address type. Up to four DRAMs can
be connected by designating areas 2 to 5 as DRAM space.
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2-CAS 16-Mbit DRAM
10-bit row address x 10-bit column address

H8/3069R BSOS ayT x16-bit organization
===
CS, (RAS,) RAS
CS; (RAS;)
PB,4(UCAS) UCAS
PBg(LCAS) LCAS
— — No.1
RD (WE) ] WE
(e
D35-Dy D15-Do
OE
—— RAS
UCAS
L
LOAS T Noz2
WE
Ag-Ag
D15-Dg
OE
(a) Interconnections (example) HT
PB, PBs
(UCAS) (LCAS)
15 87 0
H'400000
Area 2 DRAM (No.1) CS,(RAS,)
H'5FFFFE
H'600000 o
Area 3 DRAM (No.2) CS3(RAS;)
H'7FFFFE
H'800000
Area 4 Normal Cs,
H'9FFFFE
H'A00000
Area 5 Normal CS;
H'BFFFFE

(b) Address map

Figure6.31 Interconnectionsand AddressMap for 2-CAS 16-Mbit DRAMswith x 16-Bit
Organization
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» Figure 6.32 shows typical interconnections when using two 16-Mbit DRAMs using a x 8-bit
organization, and the corresponding address map. The DRAMs used in this example are of the
11-bit row address x 10-bit column address type. The CS, pin is used as the common RAS
output pin for areas 2 and 3. When the DRAM address space spans a number of contiguous
areas, asin this example, the appropriate setting of bits DRAS2 to DRASO enables asingle CS
pin to be used as the common RAS output pin for a number of areas, and makesit possible to
directly connect large-capacity DRAM with address space that spans a maximum of four
areas. Any unused CS pins (in this example, the CS, pin) can be used as input/output ports.

2-CAS 16-Mbit DRAM
11-bit row address x 10-bit column address

H8/3069R Tt 1 x8-bit organization
TS, (RAS)) 3 RAS
PB, (UCAS) CAS
PB; (LCAS)
RD (WE) ] WE No.l
Az1s Ag-Ar | | | | | A10-Ao
Dy5-Dg D7-Do
D;-D
OE
RAS
CAS
WE
No.2
A10-Ao
D;-Dg
OE
(a) Interconnections (example)
PB, PBs
(UCAS) (LCAS)
15 87 0
H'400000
Area 2 S (RAS.
H'SEFFFE | DRAM | DRAM CS2RAS,)
H'600000 [ (No.1) T (No.2)
Area 3
H'7FFFFE
H'800000
Area 4 Normal CS,
H'OFFFFE
H'A00000
Area 5 Normal CSg
H'BFFFFE

16-Mbyte mode

(b) Address map

Figure6.32 Interconnectionsand Address Map for 16-Mbit DRAMswith x 8-Bit
Organization
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Figure 6.33 shows typical interconnections when using two 4-Mbit DRAMs, and the
corresponding address map. The DRAMs used in this example are of the 9-bit row address x
9-hit column address type. In this example, upper address decoding allows multiple DRAMs
to be connected to asingle area. The RFSH pin is used in this case, since both DRAMs must
be refreshed simultaneously. However, note that RAS down mode cannot be used in this
interconnection example.

2-CAS 4-Mbit DRAM
9-bit row address x 9-bit column address

H8/3069R L U x16-bit organization
===
cs, (RASZ) > :E_j > RAS
PB, (UCAS) UCAS
PB; (LCAS) LCAS
RD (WE) WE Nod
RFSH ép
Ag
Qe
D15Do DisDo  GE
| D
UCAS
LCAS
WE No.2
Ag-Ao
D15-Do
OE
(a) Interconnections (example) 747-
PB, PBg
(UCAS) (LCAS)
15 87 0
H'400000
DRAM (No.1)
H'47FFFE
H'480000
DRAM (No.2)
H'4FFFFE — =
Ara2 1500000 CS2 (RAS,)
Not used
H'5FFFFE

16-Mbyte mode
(b) Address map

Figure6.33 Interconnectionsand AddressMap for 2-CAS 4-Mbit DRAMswith x 16-Bit
Organization
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Example of Program Setup Procedure: Figure 6.34 shows an example of the program setup
procedure.

Set ABWCR

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Set DRCRB

Set DRCRA

Wait for DRAM stabilization time

DRAM can be accessed

Figure6.34 Example of Setup Procedure when Using DRAM Interface

6.5.13 Usage Notes
Note the following points when using the DRAM refresh function.

» Refresh cycleswill not be executed when the external bus released state, software standby
mode, or abus cycle is extended by means of wait state insertion. Refreshing must therefore
be performed by other meansin these cases.

» If arefresh request is generated internally while the external busisreleased, the first request is
retained and a single refresh cycle will be executed after the bus-released stateis cleared.
Figure 6.35 shows the bus cycle in this case.

e When abus cycleis extended by means of wait state insertion, the first request isretained in
the same way as when the external bus has been rel eased.

* Intheevent of contention with a bus request from an external bus master when atransition is
made to software standby mode, the BACK and strobe states may be indeterminate after the
transition to software standby mode (see figure 6.36).
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When software standby mode is used, the BRLE hit should be cleared to 0 in BRCR before
executing the SLEEP instruction.
Similar contention in atransition to self-refresh mode may prevent dependable strobe
waveform output. This can also be avoided by clearing the BRLE bit to 0 in BRCR.

» Immediately after self-refreshing is cleared, external busrelease is possible during agiven
period until the start of a CPU cycle. Attention must be paid to the RAS state to ensure that
the specification for the RAS precharge time immediately after self-refreshing is met.

External bus released \ Refresh cycle \ CPU cycle \ Refresh cycle

Uy

£

1 1
1 1 1
1 1 1
- )) | | |
RFSH ! ! !
1 1 1
1 1 1
1 1 1
Refresh ' ' | | '
request : : :
1 1 1
1 1 1
1 1 1
| | |
[ 1 1 1
BACK ! : |
% i i i
1 1 1
Figure6.35 Bus-Released State and Refresh Cycles
1
i Software standby mode
|
! ((
))
[0
i
1
_____________________________________ .
BREQ i
1
|
sk Y
1

Address bus

Strobe

24

Figure6.36 Bus-Released State and Softwar e Standby M ode
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Oscillation stabilization CPU internal cycle CPU cycle
time on exit from software  (period in which external

standby mode bus can be released)
I I
[ (
’ T UL UL
Address { X @SP
RAS |
CAS |

Figure6.37 Self-Refresh Clearing
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6.6 Interval Timer

6.6.1 Operation

When DRAM is not connected to the H8/3069R chip, the refresh timer can be used as an interval
timer by clearing bits DRAS2 to DRASO in DRCRA to 0. After setting RTCOR, selection a clock
source with bits CKS2 to CKS0 in RTMCSR, and set the CMIE bit to 1.

Timing of Setting of Compare Match Flag and Clearing by Compare Match: The CMF flag
in RTMCSR is set to 1 by a compare match output when the RTCOR and RTCNT values match.
The compare match signal is generated in the last state in which the values match (when RTCNT
is updated from the matching value to a new value). Accordingly, when RTCNT and RTCOR
match, the compare match signal is not generated until the next counter clock pulse. Figure 6.38
shows the timing.

RTCNT N >< H'00

RTCOR N

Compare match

signal %

CMF flag

Figure6.38 Timing of CMF Flag Setting

Operation in Power-Down State: Theinterval timer operatesin sleep mode. It does not operate
in hardware standby mode. In software standby mode, RTCNT and RTMCSR hits 7 and 6 are
initialized, but RTMCSR bits 5 to 3 and RTCOR retain their settings prior to the transition to
software standby mode.

Contention between RTCNT Write and Counter Clear: If acounter clear signal occursin the
T, state of an RTCNT write cycle, clearing of the counter takes priority and the write is not
performed. Seefigure 6.39.
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Address bus X RTCNT address X

Internal write signal

Counter clear signal

RTCNT N >< H'00

Figure6.39 Contention between RTCNT Write and Clear

Contention between RTCNT Writeand Increment: If an increment pulse occursin the T, state
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 6.40.

Address bus >< RTCNT address ><

Internal write signal

RTCNT input clock

RTCNT N >< 4 M

Counter write data

Figure6.40 Contention between RTCNT Writeand Increment
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Contention between RTCOR Write and Compare Match: If acompare match occursin the T,
state of an RTCOR write cycle, writing takes priority and the compare match signal isinhibited.
Seefigure 6.41.

Address bus X RTCOR address ><

Internal write signal

RTCNT N X N+1
RTCOR N >< s M
/
RTCOR write data
[ 1
Compare match signal | | AN
Inhibited

Figure6.41 Contention between RTCOR Write and Compare Match

RTCNT Operation at Internal Clock Source Switchover: Switching internal clock sources may
cause RTCNT to increment, depending on the switchover timing. Table 6.10 shows the relation
between the time of the switchover (by writing to bits CKS2 to CKS0) and the operation of
RTCNT.

The RTCNT input clock is generated from the internal clock source by detecting the falling edge
of theinternal clock. If aswitchover is made from a high clock source to alow clock source, asin
case No. 3intable 6.10, the switchover will be regarded as afalling edge, an RTCNT clock pulse
will be generated, and RTCNT will be incremented.
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Table6.10

Internal Clock Switchover and RTCNT Operation

No. CKS2 to CKSO _
Write Timing RTCNT Operation

1 Low — Low .
switchover+! |

Old clock source 4|—| E | | |
1
|
i
New clock source i
1
i
RTCNT clock |_| :
I
1
i

RTCNT N Xi N+l
|
1
CKS bits rewritten
2 Low — High
switchover*?2

Old clock source | |

New clock source

RTCNT clock |_| |_|

RTCNT N X N+1 X
1

CKS bits rewritten
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No.

CKS2 to CKSO

Write Timing RTCNT Operation
3 High— Low '
switchover*3 1
Old clock source | | | E | | |
1
1
1
i
New clock source i
| \
1
*4
RTCNT clock |_| |_| |_|
1
\:_/
RTCNT N X N-+11 X N+2 ><
T
i
CKS bits rewritten
4 High — High
switchover**
Old clock source
New clock source
RTCNT clock
RTCNT
CKS bits rewritten
Notes: 1. Including switchovers from a low clock source to the halted state, and from the halted state to a low clock source.
2. Including switchover from the halted state to a high clock source.
3. Including switchover from a high clock source to the halted state.
4. The switchover is regarded as a falling edge, causing RTCNT to increment.
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6.7 Interrupt Sources

Compare match interrupts (CMI) can be generated when the refresh timer is used as an interval
timer. Compare match interrupt requests are masked/unmasked with the CMIE bit in RTMCSR.

6.8 Burst ROM Interface

6.8.1 Overview

With the H8/3069R, external space area 0 can be designated as burst ROM space, and burst ROM
space interfacing can be performed. The burst ROM space interface enables 16-bit organization
ROM with burst access capability to be accessed at high speed. Area0 is designated as burst
ROM space by means of the BROME bit in BCR.

Continuous burst access of a maximum or four or eight words can be performed on external space
area0. Two or three states can be selected for burst access.

6.8.2 Basic Timing

The number of statesin theinitia cycle (full access) and aburst cycle of the burst ROM interface
is determined by the setting of the ASTO bit in ASTCR. When the ASTO bit is set to 1, wait states
can also be inserted in the initial cycle. Wait states cannot be inserted in aburst cycle.

Burst access of up to four words is performed when the BRSTS0 bit iscleared to 0in BCR, and
burst access of up to eight words when the BRSTSO0 hit is set to 1. The number of burst access
states is two when the BRSTSL bit is cleared to 0, and three when the BRSTSL1 bit isset to 1.

The basic access timing for burst ROM space is shown in figure 6.42.
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Full access Burst access

Tt . T2 | T3 Tt . T2 1, T
I I I |
?
\/
Address bus X Only lower address changes

/\

CSo _| |_

AS — —

RD — |—
Data bus 4( Read data >—< Read data >—< Read data >—

Figure6.42 Example of Burst ROM Access Timing

6.8.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface.

Wait states cannot be inserted in a burst cycle.
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6.9 Idle Cycle

6.9.1 Operation

When the H8/3069R chip accesses external space, it can insert a 1-state idle cycle (T,) between
bus cyclesin the following cases: (1) when read accesses between different areas occur
consecutively, (2) when awrite cycle occursimmediately after aread cycle, and (3) immediately
after aDRAM space access. By inserting anidle cycleit is possible, for example, to avoid data
collisions between ROM, which has along output floating time, and high-speed memory, 1/0
interfaces, and so on.

The ICIS1 and ICISO bitsin BCR both have an initial value of 1, so that anidle cycleisinserted in
theinitial state. If there are no data collisions, the ICIS bits can be cleared.

Consecutive Reads between Different Areas: If consecutive reads between different areas occur
whilethe ICIS1 bitissetto 1in BCR, anidle cycleisinserted at the start of the second read cycle.

Figure 6.43 shows an example of the operation in this case. In thisexample, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in adifferent area. In (a), anidle cycleisnot inserted, and a collision occursin
cycle B between the read data from ROM and that from SRAM. In (b), anidle cycleisinserted,
and adata collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
v T1 T2 T3y T1 Toy 1 T1 T2 T3, Ti T1 To

o LMLk Spigigigigigiy

Address bus j Ix Ix: Address bus j Ix Ix:

] ] I ] ] ]

1 ] ] 1 1 ]
RD 7 | 1 [ RD 7 | [ 1 [

I I H [} I I [}
pata bus ——CT N Data bus ———( T

1 [ I 1 1 1

I |
Long buffer-off Da"t_a_
time collision
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.43 Exampleof Idle Cycle Operation (1) (ICIS1=1)

Write after Read: If an external write occurs after an external read whilethe ICISO bitissetto 1
in BCR, anidlecycleisinserted at the start of the write cycle.

Figure 6.44 shows an example of the operation in this case. In thisexample, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B is a CPU write cycle.
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In (a), anidle cycleisnot inserted, and a collision occursin cycle B between the read data from
ROM and the CPU write data. In (b), an idle cycleisinserted, and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
1 T1 T2 T3, T1 Toy v T1 T2 T3, Ti T1 T2,
] 1 1 1
Address bus j A & Address bus j A X
o : : o ! :
e RO Tl [ T
1 1 1 1 1 1
HWR giign FWR ] LI
patabus _—— ' N__F pata bus ——( T ¥
T T
1 : 1 : 1 1 1 1
Long buffer-off | Data
time collision
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.44 Exampleof Idle Cycle Operation (2) (ICIS0=1)

External Address Space Access | mmediately after DRAM Space Access. If aDRAM space
accessis followed by anon-DRAM external access when HWR and LWR have been selected as
the UCAS and LCAS output pins by means of the CSEL bit in DRCRB, a T, cycleisinserted
regardless of the settings of bits ICIS0 and ICIS1 in BCR. Figure 6.45 shows an example of the
operation.

Thisis done to prevent simultaneous changing of the HWR and LWR signals used as UCAS and
LCAS in DRAM space and CSn for the space in the next cycle, and so avoid an erroneous write to
the external devicein the next cycle.

A T, cycleisnot inserted when PB, and PB, have been selected asthe UCAS and LCAS output
pins.

In the case of consecutive DRAM space access precharge cycles (T ), the ICISO bit settings are
invalid. Inthe case of consecutive reads between different areas, for example, if the second
accessisa DRAM access, only a T, cycleisinserted, and aT, cycleisnot. Thetiming in this case
is shown in figure 6.46.
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Bus cycle A Bus cycle A

(DRAM access cycle) Bus cycle B (DRAM access cycle) Bus cycle B
> l«—»! >«
| Tp Tr Tcl Tc2| T1 T2, | Tp Tr Tel T2, Ti T1 T2

¢ ¢
| | | | | |
Addressbus Y J{  Addressbus JC Y C
| | | | ; ;
HWR/LWR — ‘ l HWRILWR — ‘ l
(UCASI/LCAS) | |—| 1 (UCAS/LCAS) | |—| 1
| | | | | |
CSn CSn !
‘ / 1 ‘ 1 1
Simultaneous change of
HWR/LWR and CSn
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.45 Example of Idle Cycle Operation (3) (HWR/LWR Used as UCAS/LCAS)

, Externalread |, DRAM spaceread
Pt
| |
| |

TI T2 T3!Tp Tr Tl Te2

(p | | |
| | |
Address bus | lX X X X:
| | |
oL |
UCAS/LCAS | |
| |
| | |
| ' |
Address bus } { ! Q—
| | |

Figure6.46 Example of Idle Cycle Operation (4) (Consecutive Precharge Cycles)

Usage Notes: When non-insertion of idle cyclesis set, the rise (negation) of RD and the fall
(assertion) of CSn may occur simultaneously. An example of the operation is shown in figure
6.47.

If consecutive reads between different external areas occur while the ICIS1 bit isclearedto 0 in
BCR, or if awrite cycle to a different external area occurs after an external read while the ICISO
bit is cleared to 0, the RD negation in the first read cycle and the CSn assertion in the following
bus cycle will occur simultaneously. Therefore, depending on the output delay time of each signal,
it is possible that the low-level output of RD in the preceding read cycle and the low-level output
of CSn in the following bus cycle will overlap.

A setting whereby idle cycle insertion is not performed can be made only when RD and CSn do
not change simultaneoudly, or when it does not matter if they do.
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Bus cycle A Bus cycle B
!

| |
T2 T31 T1 T2

1 T1

¢
|

|
Address bus J( X !

: / ! |
Simultaneous change of RD and CSn
Possibility of mutual overlap

(a) Idle cycle not inserted

Bus cycle A Buscycle B
! -
' T1 T2 T30 T TL T2
¢
|
Address bus

i I E——
LI

T

|
|
CSn i
|
|

(b) Idle cycle inserted

Figure6.47 Example of Idle Cycle Operation (5)

6.9.2 Pin Statesin Idle Cycle
Table 6.11 shows the pin statesin an idle cycle.

Table6.11 Pin Statesin Idle Cycle

Pins Pin State

A t0A, Next cycle address value
D,toD, High impedance

CSn High*

UCAS, LCAS High

AS High

RD High

HWR High

LWR High

Note: * Remains low in DRAM space RAS down mode.
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6.10 BusArbiter

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There
are four bus masters: the CPU, DMA controller (DMAC), DRAM interface, and an external bus
master. When a bus master has the bus right it can carry out read, write, or refresh access. Each
bus master uses a bus request signal to request the busright. At fixed times the bus arbiter
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can
the operate using the bus.

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and
returns an acknowledge signal to the bus master. When two or more bus masters request the bus,
the highest-priority bus master receives an acknowledge signal. The bus master that receives an
acknowledge signal can continue to use the bus until the acknowledge signal is deactivated.

The bus master priority order is:
(High) External bus master > DRAM interface > DMAC > CPU (Low)

The bus arbiter samples the bus request signals and determines priority at al times, but it does not
always grant the bus immediately, even when it receives a bus request from a bus master with
higher priority than the current bus master. Each bus master has certain times at which it can
release the bus to a higher-priority bus master.

6.10.1 Operation

CPU: The CPU isthe lowest-priority bus master. If the DMAC, DRAM interface, or an external
bus master requests the bus while the CPU has the bus right, the bus arbiter transfers the bus right
to the bus master that requested it. The busright istransferred at the following times:

» Thebusright istransferred at the boundary of abus cycle. If word datais accessed by two
consecutive byte accesses, however, the busright is not transferred between the two byte
accesses.

 If another bus master requests the bus while the CPU is performing internal operations, such as
executing amultiply or divide instruction, the busright is transferred immediately. The CPU
continues its internal operations.

 If another bus master requests the bus while the CPU isin sleep mode, the busright is
transferred immediately.

DMAC: When the DMAC receives an activation request, it requests the bus right from the bus

arbiter. 1f the DMAC isbus master and the DRAM interface or an external bus master requests

the bus, the bus arbiter transfers the bus right from the DMAC to the bus master that requested the
bus. Thebusright istransferred at the following times.
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The bus right is transferred when the DMAC finishes transferring one byte or one word. A
DMAC transfer cycle consists of aread cycle and awrite cycle. The busright isnot transferred
between the read cycle and the write cycle.

Thereisapriority order among the DMAC channels. For details see section 7.4.9, Multiple-
Channel Operation.

DRAM Interface: The DRAM interface requests the bus right from the bus arbiter when arefresh
cycle request isissued, and releases the bus at the end of the refresh cycle. For details see section
6.5, DRAM Interface.

External Bus Master: When the BRLE bit isset to 1 in BRCR, the bus can be released to an
external bus master. The external bus master has highest priority, and requests the bus right from
the bus arbiter driving the BREQ signal low. Once the external bus master acquires the bus, it
keeps the bus until the BREQ signal goes high. While the bus is released to an externa bus
master, the H8/3069R chip holds the address bus, data bus, bus control signals (AS, RD, HWR,
and LWR), and chip select signals (CSn: n = 7 to 0) in the high-impedance state, and holds the
BACK pinin the low output state.

The bus arbiter samples the BREQ pin at the rise of the system clock (). If BREQ islow, the bus
isreleased to the external bus master at the appropriate opportunity. The BREQ signal should be
held low until the BACK signal goes low.

When the BREQ pin is high in two consecutive samples, the BACK pinisdriven high to end the
bus-release cycle.

Figure 6.48 shows the timing when the bus right is requested by an external bus master during a
read cycle in atwo-state accessarea. Thereisaminimum interval of three states from when the
BREQ signal goeslow until the busis released.
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CPU cycles I External bus released | CPU cycles

High-impedance

|

Minimum 3 cycles

@) @)

1 | ,
Address bus D( Address :> : : . :/
1 | | | | D —
| : I High-impedance !
1 | \ \ M H
1 1 1 |
AS L L 1 High-impedance i
AS . . \ . ) —
T I S
1 | | \ H H
RD ' i + High-impedance '
RD High | :\ 9 : P : i/_
: i b ! !
HWR, LWR , : :\ nghzlmpedar;]ce !/_
_ | | | | !
BREQ ! : ! : :
\ i | ' / : :
1 | | H |
BACK | : . : .
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! |
’ !
1 4
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_
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g
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Figure6.48 Example of External BusMaster Operation

In the event of contention with a bus request from an external bus master when atransitionis
made to software standby mode, the BACK and strobe states may be indeterminate after the
transition to software standby mode (see figure 6.36).

When software standby mode is used, the BRLE bit should be cleared to 0 in BRCR before
executing the SLEEP instruction.
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6.11 Register and Pin Input Timing

6.11.1 Register Write Timing

ABWCR, ASTCR, WCRH, and WCRL Write Timing: Datawritten to ABWCR, ASTCR,
WCRH, and WCRL takes effect starting from the next bus cycle. Figure 6.49 shows the timing
when an instruction fetched from area 0 changes area 0 from three-state access to two-state access.

T T2 T3 T1 T T3 T T2

A N I

1
|
Address bus X EX ASTCR address EX EX
| | | |
I 1 I<—>I
" 3-state accessto area O ~ 2-state access to area 0

Figure6.49 ASTCR Write Timing

DDR and CSCR Write Timing: Datawritten to DDR or CSCR for the port corresponding to the
CSn pin to switch between CSn output and generic input takes effect starting from the T, state of
the DDR write cycle. Figure 6.50 shows the timing when the CS, pin is changed from generic
input to CS, output.

T1 T2 T3
¢ [ ] I LI L
1 1 1
1 1 1
Address bus X P8DDR address! X
1 1 1
1 1 1

High-impedance

Figure6.50 DDR Write Timing
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BRCR Write Timing: Datawritten to BRCR to switch between A, A,,, A,,, or A, output and
generic input or output takes effect starting from the T, state of the BRCR write cycle. Figure
6.51 shows the timing when a pin is changed from generic input to A, A,, A,,, or A,, output.

T T2 T3
v o 1 1 L [
1 1 1
Address bus ix BRCR address i EX
1 1 1
1 1 1
PA7 to PAs : 4
(A23 t70tcA)20) High-impedance i g\_

Figure6.51 BRCR Write Timing

6.11.2 BREQ Pin Input Timing

After driving the BREQ pin low, hold it low until BACK goeslow. If BREQ returnsto the high
level before BACK goes lows, the bus arbiter may operate incorrectly.

To terminate the external -bus-released state, hold the BREQ signal high for at |least three states. If
BREQ is high for too short an interval, the bus arbiter may operate incorrectly.
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Section 7 DMA Controller

71 Overview

The H8/3069R has an on-chip DMA controller (DMAC) that can transfer data on up to four
channels.

When the DMA controller is not used, it can be independently halted to conserve power. For
details see section 20.6, Module Standby Function.

711 Features

DMAC features are listed bel ow.

Selection of short address mode or full address mode
Short address mode

O 8-bit source address and 24-bit destination address, or vice versa
0 Maximum four channels available

O Selection of 1/0 mode, idle mode, or repeat mode
Full address mode

O 24-hit source and destination addresses

0 Maximum two channels available

O Selection of normal mode or block transfer mode
Directly addressable 16-Mbyte address space
Selection of byte or word transfer

Activation by internal interrupts, external requests, or auto-request (depending on transfer
mode)

O 16-hit timer compare match/input capture interrupts (x3)

O Serial communication interface (SCI channel 0) transmit-data-empty/receive-data-full
interrupts

O Externa requests
Auto-request
O A/D converter conversion-end interrupt

O
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7.1.2 Block Diagram

Figure 7.1 shows a DMAC block diagram.

Internal address bus

: -
Internal IMIAQ —» | Address buffer

interrupts IMIAL —»
IMIA2 —» =/ Arithmetic-logic unit\Q
ADI —™
o MAROA
Channel
=
0A I0OAROA
DREQ, —=| Control logic Channel ETCROA 9
DREQ, —*| 0 MAROB -
TEND, =— Channel g
o
TEND, = 0B I0OAROB °
DTCROA ETCROB 3
o
Interrupt  DENDOA =— DTCROB MAR1A =
signals DENDOB ~—
g DEND1A =~ DTCRI1A Channel I0AR1A
DENDIB DTCR1B o ETCRIA
Channel
1 MAR1B
Channel |0AR1B
1B
Data buffer | ETCR1B

<>

Internal data bus

[Legend]

DTCR: Data transfer control register
MAR: Memory address register
IOAR: /O address register

ETCR: Execute transfer count register

Figure7.1 Block Diagram of DMAC
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7.1.3 Functional Overview

Table 7.1 gives an overview of the DMAC functions.

Table7.1 DMAC Functional Overview
Address
Reg. Length
Destina-
Transfer Mode Activation Source tion
Short 1/0 mode « Compare r_natch/input 24 8
address «  Transfers one byte or one word capture A interrupts from
mode 16-bit timer channels
per request 0102
¢ Increments or decrements the . Transmit-data-empty
memory address by 1 or 2 interrupt from SCI channel 0
« Executes 1 to 65,536 transfers
Idle mode « Conversion-end interrupt 8 24
* Transfers one byte or one word per from ’_A‘/ b convert(?r
request * Receive-data-full interrupt
e Holds the memory address fixed from SCI channel 0
* Executes 1 to 65,536 transfers e External request 24 8
Repeat mode
« Transfers one byte or one word per
request
* Increments or decrements the
memory address by 1 or 2
« Executes a specified number (1 to
255) of transfers, then returns to the
initial state and continues
Full Normal mode ¢ Auto-request 24 24
address «  Auto-request « External request
mode 0 Retains the transfer request
internally
0 Executes a specified number(1 to
65,536) of transfers continuously
O Selection of burst mode or cycle-
steal mode
« External request
0 Transfers one byte or one word
per request
0 Executes 1 to 65,536 transfers
Block transfer e Compare match/ input 24 24

« Transfers one block of a specified size
per request

« Executes 1 to 65,536 transfers

«  Allows either the source or destination *

to be a fixed block area

* Block size can be 1 to 255 bytes or
words

capture A interrupts from
16-bit timer channels 0 to 2

External request

Conversion-end interrupt
from A/D converter
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7.14 I nput/Output Pins
Table 7.2 liststhe DMAC pins.

Table7.2 DMAC Pins

Abbrevia-  Input/

Channel Name tion Output Function

0 DMA request O DREQ, Input External request for DMAC channel 0
Transfer end 0 TEND, Output Transfer end on DMAC channel 0

1 DMA request1  DREQ, Input External request for DMAC channel 1
Transfer end 1 TEND, Output Transfer end on DMAC channel 1

Note: External requests cannot be made to channel A in short address mode.

7.15 Register Configuration

Table 7.3 liststhe DMAC registers.
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Table7.3 DMAC Registers

Channel Address* Name Abbreviation R/W Initial Value

0 H'FFF20  Memory address register OAR MAROAR R/W  Undetermined
H'FFF21  Memory address register OAE MAROAE R/W  Undetermined
H'FFF22  Memory address register OAH MAROAH R/W  Undetermined
H'FFF23  Memory address register OAL MAROAL R/W  Undetermined
H'FFF26  1/O address register OA IOAROA R/W  Undetermined

H'FFF24  Execute transfer count register 0AH ETCROAH R/W  Undetermined

H'FFF25  Execute transfer count register OAL ETCROAL R/W  Undetermined

H'FFF27  Data transfer control register OA DTCROA R/W  H'00

H'FFF28  Memory address register OBR MAROBR R/W  Undetermined
H'FFF29  Memory address register OBE MAROBE R/W  Undetermined
H'FFF2A  Memory address register OBH MAROBH R/W  Undetermined
H'FFF2B  Memory address register OBL MAROBL R/W  Undetermined
H'FFF2E  1/O address register OB IOAROB R/W  Undetermined

H'FFF2C  Execute transfer count register 0BH ETCROBH R/W  Undetermined

H'FFF2D  Execute transfer count register OBL ETCROBL R/W  Undetermined

H'FFF2F  Data transfer control register OB DTCROB R/W  H'00

1 H'FFF30  Memory address register 1AR MAR1AR R/W  Undetermined
H'FFF31  Memory address register 1AE MAR1AE R/W  Undetermined
H'FFF32  Memory address register 1AH MAR1AH R/W  Undetermined
H'FFF33  Memory address register 1AL MAR1AL R/W  Undetermined
H'FFF36  |/O address register 1A IOAR1A R/W  Undetermined

H'FFF34  Execute transfer count register 1AH ETCR1AH R/W  Undetermined

H'FFF35  Execute transfer count register 1AL ETCR1AL R/W  Undetermined

H'FFF37  Data transfer control register 1A DTCR1A R/W  H'00

H'FFF38  Memory address register 1BR MAR1BR R/W  Undetermined
H'FFF39  Memory address register 1BE MAR1BE R/W  Undetermined
H'FFF3A  Memory address register 1BH MAR1BH R/W  Undetermined
H'FFF3B  Memory address register 1BL MAR1BL R/W  Undetermined
H'FFF3E  1/O address register 1B IOAR1B R/W  Undetermined

H'FFF3C  Execute transfer count register 1BH ETCR1BH R/W  Undetermined

H'FFF3D  Execute transfer count register 1BL ETCR1BL R/W  Undetermined

H'FFF3F  Data transfer control register 1B DTCR1B R/W  H'00

Note: * The lower 20 bits of the address are indicated.
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7.2 Register Descriptions (1) (Short Address Mode)

In short address mode, transfers can be carried out independently on channels A and B. Short
address mode is selected by bits DTS2A and DTSI1A in datatransfer control register A (DTCRA)
asindicated in table 7.4.

Table7.4 Selection of Short and Full Address Modes

Bit 2 Bit 1
Channel DTS2A DTS1A Description

0 1 1 DMAC channel 0 operates as one channel in full address mode

Other than above DMAC channels OA and 0B operate as two independent channels
in short address mode

1 1 1 DMAC channel 1 operates as one channel in full address mode

Other than above DMAC channels 1A and 1B operate as two independent channels
in short address mode

721 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register that specifies a source or
destination address. The transfer direction is determined automatically from the activation source.

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved; they cannot be modified and are always read as 1.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write — — — — — — — — RIW R/W RIW RIW RIW R/W R/W RIW R/W R/W RIW R/W RIW RIW RIW R/W RIW RIW R/W R/W RIW R/W RIW RIW
N J J J \ J
MARR MARE MARH MARL

Source or destination address

An MAR functions as a source or destination address register depending on how the DMAC is
activated: as adestination address register if activation is by areceive-data-full interrupt from
serial communication interface (SCI) channel 0 or by an A/D converter conversion-end interrupt,
and as a source address register otherwise.

The MAR vaue isincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 7.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.

Rev. 5.0, 09/04, page 200 of 978
RENESAS



722  1/0 AddressRegisters (I0AR)

An 1/O address register (IOAR) is an 8-hit readable/writable register that specifies a source or
destination address. The IOAR valueisthe lower 8 bits of the address. The upper 16 address bits
areadl 1 (H'FFFF).

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Source or destination address

An I0AR functions as a source or destination address register depending on how the DMAC is
activated: as a destination address register if activation is by areceive-data-full interrupt from
serial communication interface (SCI) channel 0 or by an A/D converter conversion-end interrupt,
and as a source address register otherwise.

The IOAR value is held fixed. It is not incremented or decremented when atransfer is executed.

The IOARs are not initialized by areset or in standby mode.

723 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifiesthe
number of transfers to be executed. These registers function in one way in I/O mode and idle
mode, and another way in repeat mode.

¢ |/O mode and idle mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

In 1/0 mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by
1 each time one transfer is executed. The transfer ends when the count reaches H'0000.
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¢ Repeat mode

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
Undetermined
R/W R/W R/W R/W R/W R/W R/W R/W
J
ETCRH
Transfer counter
7 6 5 4 3 2 1 0
Undetermined
R/W R/W R/W R/W R/W R/W R/W R/W
J
ETCRL
Initial count

In repeat mode, ETCRH functions as an 8-bit transfer counter and ETCRL holds theinitial
transfer count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRH
reaches H'00, the value in ETCRL is reloaded into ETCRH and the same operation is repeated.

The ETCRs are not initialized by areset or in standby mode.
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724 Data Transfer Control Registers (DTCR)

A datatransfer control register (DTCR) is an 8-bit readable/writable register that controls the

operation of one DMAC channel.
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer select
Enables or disables These bits select the data
data transfer transfer activation source
Data transfer size Data transfer interrupt enable
Selects byte or Enables or disables the CPU interrupt
word size at the end of the transfer
Data transfer
increment/decrement
Selects whether to
increment or decrement
the memory address
register

Repeat enable
Selects repeat
mode

The DTCRsare initialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Enable (DTE): Enables or disables data transfer on a channel. When the
DTE hit is set to 1, the channel waits for atransfer to be requested, and executes the transfer when
activated as specified by bits DTS2 to DTS0. When DTE is O, the channel is disabled and does not
accept transfer requests. DTE is set to 1 by reading the register when DTE is O, then writing 1.

Bit 7

DTE Description

0 Data transfer is disabled. In /0O mode or idle mode, DTE is cleared to 0  (Initial value)
when the specified number of transfers have been completed

1 Data transfer is enabled

If DTIE isset to 1, a CPU interrupt is requested when DTIE is cleared to 0.
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Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Data Transfer Increment/Decrement (DTID): Selects whether to increment or
decrement the memory address register (MAR) after adata transfer in 1/0O mode or repeat mode.

Bit 5
DTID Description
0 MAR is incremented after each data transfer (Initial value)

« IfDTSZ =0, MAR is incremented by 1 after each transfer
« IfDTSZ =1, MAR is incremented by 2 after each transfer

1 MAR is decremented after each data transfer
« IfDTSZ =0, MAR is decremented by 1 after each transfer
e« IfDTSZ =1, MAR is decremented by 2 after each transfer

MAR is not incremented or decremented in idle mode.

Bit 4—Repeat Enable (RPE): Selects whether to transfer datain 1/0 mode, idle mode, or repeat
mode.

Bit 4 Bit 3

RPE DTIE Description

0 0 1/0 mode (Initial value)
1

1 0 Repeat mode
1 Idle mode

Operations in these modes are described in sections 7.4.2, /0 Mode, 7.4.3, Idle Mode, and 7.4.4,
Repeat Mode.
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE hit iscleared to O.

Bit 3

DTIE Description

0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits2 to 0—Data Transfer Select (DTS2, DTS1, DTS0): These hits select the data transfer
activation source. Some of the selectable sources differ between channels A and B.

Bit 2 Bit 1 Bit 0
DTS2 DTS1 DTSO Description

0 0 0 Compare match/input capture A interrupt from 16-bit timer channel 0
(Initial value)
1 Compare match/input capture A interrupt from 16-bit timer channel 1
1 0 Compare match/input capture A interrupt from 16-bit timer channel 2
1 Conversion-end interrupt from A/D converter
1 0 0 Transmit-data-empty interrupt from SCI channel 0
1 Receive-data-full interrupt from SCI channel O
1 0 Falling edge of DREQ input (channel B)

Transfer in full address mode (channel A)

1 Low level of DREQ input (channel B)
Transfer in full address mode (channel A)

Note: See section 7.3.4, Data Transfer Control Registers (DTCR).

The same internal interrupt can be selected as an activation source for two or more channels at
once. In that case the channels are activated in a priority order, highest-priority channel first. For
the priority order, see section 7.4.9, Multiple-Channel Operation.

When achannel isenabled (DTE = 1), its selected DMAC activation source cannot generate a
CPU interrupt.
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7.3 Register Descriptions (2) (Full Address Mode)
In full address mode the A and B channels operate together. Full address mode is selected as
indicated in table 7.4.

731 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the
source address register of the transfer, and MARB as the destination address register.

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All hits
of MARR are reserved; they cannot be modified and are alwaysread as 1. (Writeisinvalid.)

Bit 3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write — — — — — — — — RIW R/W RW RIW RIW RIW R/IW R/W R/W RIW RIW RIW RIW RIW RIW RW RIW RIW RIW RIW RIW RIW RIW RIW
N J J J \ J
MARR MARE MARH MARL

Source or destination address

The MAR vaue isincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 7.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.

732 /O Address Registers (IOAR)

The 1/O address registers (IOARs) are not used in full address mode.
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733 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifiesthe
number of transfers to be executed. The functions of these registers differ between normal mode
and block transfer mode.

* Norma mode

ETCRA
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

ETCRB: Isnot used in norma mode.

In normal mode ETCRA functions as a 16-bit transfer counter. The count is decremented by 1
each time one transfer is executed. The transfer ends when the count reaches H'0000. ETCRB is
not used.
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* Block transfer mode

ETCRA
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
N J
ETCRAH
Block size counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
N J
ETCRAL
Initial block size
ETCRB
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Block transfer counter

In block transfer mode, ETCRAH functions as an 8-bit block size counter. ETCRAL holds the
initial block size. ETCRAH is decremented by 1 each time one byte or word is transferred. When
the count reaches H'00, ETCRAH isreloaded from ETCRAL. Blocks consisting of an arbitrary
number of bytes or words can be transferred repeatedly by setting the same initial block size value
in ETCRAH and ETCRAL.

In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time one block is transferred. The transfer ends when the count reaches
H'0000.

The ETCRs are not initialized by areset or in standby mode.
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734 Data Transfer Control Registers (DTCR)

The data transfer control registers (DTCRs) are 8-bit readable/writable registers that control the
operation of the DMAC channels. A channel operatesin full address mode when bits DTS2A and
DTSI1A areboth setto 1in DTCRA. DTCRA and DTCRB have different functionsin full address

mode.
DTCRA
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSz ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSOA ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data transfer enable
Enables or disables
data transfer

Data transfer size
Selects byte or
word size

Data transfer

interrupt enable
Enables or disables the
CPU interrupt at the end

of the transfer

Source address
increment/decrement

Source address increment/

decrement enable

These bits select whether
the source address register
(MARA) is incremented,
decremented, or held fixed
during the data transfer

DTCRA isinitialized to H'00 by areset and in standby mode.
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Data transfer
select OA

Selects block
transfer mode

Data transfer select
2A and 1A

These bits must both be
settol
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Bit 7—Data Transfer Enable (DTE): Together with the DTME hit in DTCRB, this bit enables
or disables data transfer on the channel. When the DTME and DTE bits are both set to 1, the
channel isenabled. If auto-request is specified, data transfer begins immediately. Otherwise, the
channel waits for transfers to be requested. When the specified number of transfers have been
completed, the DTE hit is automatically cleared to 0. When DTE is 0, the channel is disabled and
does not accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then
writing 1.

Bit 7

DTE Description

0 Data transfer is disabled (DTE is cleared to 0 when the specified number (Initial value)
of transfers have been completed)

1 Data transfer is enabled

If DTIE isset to 1, a CPU interrupt is requested when DTE is cleared to O.

Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Sour ce Address I ncrement/Decr ement (SAID) and,

Bit 4—Sour ce Address I ncrement/Decrement Enable (SAIDE): These bits select whether the
source address register (MARA) isincremented, decremented, or held fixed during the data
transfer.

Bit 5 Bit 4

SAID SAIDE Description

0 0 MARA is held fixed (Initial value)
1 MARA is incremented after each data transfer

« IfDTSZ =0, MARA is incremented by 1 after each transfer
« IfDTSZ =1, MARA is incremented by 2 after each transfer

1 0 MARA is held fixed

MARA is decremented after each data transfer
« IfDTSZ =0, MARA is decremented by 1 after each transfer
« IfDTSZ =1, MARA is decremented by 2 after each transfer
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE hit iscleared to O.

Bit 3

DTIE Description

0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits2 and 1—Data Transfer Select 2A and 1A (DTS2A, DTS1A): A channel operatesin full
address mode when DTS2A and DTSI1A are both set to 1.

Bit 0—Data Transfer Select OA (DTS0A): Selects normal mode or block transfer mode.

Bit 0

DTSOA  Description

0 Normal mode (Initial value)
1 Block transfer mode

Operations in these modes are described in sections 7.4.5, Normal Mode, and 7.4.6, Block
Transfer Mode.
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DTCRB

Bit 7 6 5 4 3 2 1 0

‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ T™MS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data transfer master enable
Enables or disables data
transfer, together with

the DTE bit, and is cleared Transfer mode select

to 0 by an interrupt Selects whether the
block area is the source
Reserved bit or destination in block
transfer mode
Destination address Data transfer select
increment/decrement 2B to OB
Destination address These bits select the data
increment/decrement enable transfer activation source

These bits select whether

the destination address

register (MARB) is incremented,
decremented, or held fixed
during the data transfer

DTCRB isinitialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Master Enable (DTME): Together with the DTE bit in DTCRA, this bit
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is
enabled. When an NMI interrupt occurs DTME is cleared to 0, suspending the transfer so that the
CPU can use the bus. The suspended transfer resumeswhen DTME is set to 1 again. For further
information on operation in block transfer mode, see section 7.6.6, NMI Interrupts and Block
Transfer Mode.

DTME isset to 1 by reading the register while DTME = 0, then writing 1.

Bit 7

DTME Description

0 Data transfer is disabled (DTME is cleared to 0 when an NMI interrupt  (Initial value)
occurs)

1 Data transfer is enabled
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Bit 6—Reserved: Although reserved, this bit can be written and read.

Bit 5—Destination Address | ncrement/Decrement (DAID) and,

Bit 4—Destination Address | ncrement/Decrement Enable (DAIDE): These bits select whether
the destination address register (MARB) isincremented, decremented, or held fixed during the
data transfer.

Bit 5 Bit 4

DAID DAIDE Description

0 0 MARSB is held fixed (Initial value)
1 MARB is incremented after each data transfer

« If DTSZ =0, MARB is incremented by 1 after each data transfer
« IfDTSZ =1, MARB is incremented by 2 after each data transfer

1 0 MARB is held fixed

MARB is decremented after each data transfer
« IfDTSZ =0, MARB is decremented by 1 after each data transfer
« IfDTSZ =1, MARB is decremented by 2 after each data transfer

Bit 3—Transfer Mode Select (TMS): Selects whether the source or destination isthe block area
in block transfer mode.

Bit 3

TMS Description

0 Destination is the block area in block transfer mode (Initial value)
1 Source is the block area in block transfer mode
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Bits2to 0—Data Transfer Select 2B to 0B (DTS2B, DTS1B, DTS0B): These hits select the
data transfer activation source. The selectable activation sources differ between norma mode and
block transfer mode.

Normal mode
Bit 2 Bit 1 Bit 0
DTS2B DTS1B DTSOB  Description
0 0 0 Auto-request (burst mode) (Initial value)
1 Cannot be used
1 0 Auto-request (cycle-steal mode)
1 Cannot be used
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Low level input at DREQ

Block transfer mode

Bit2 Bitl BitO
DTS2B DTS1B DTSOB Description

0 0 0 Compare match/input capture A interrupt from 16-bit timer channel O
(Initial value)

Compare match/input capture A interrupt from 16-bit timer channel 1

Compare match/input capture A interrupt from 16-bit timer channel 2

Conversion-end interrupt from A/D converter

Cannot be used

Cannot be used

Falling edge of DREQ

[EnY
o
P O R Ok OF

Cannot be used

The same internal interrupt can be selected to activate two or more channels. The channels are
activated in a priority order, highest priority first. For the priority order, see section 7.4.9,
Multiple-Channel Operation.
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1.4

74.1

Operation

Overview

Table 7.5 summarizes the DMAC modes.

Table7.5

Transfer Mode

DMAC Modes

Activation

Notes

Short address
mode

1/0 mode
Idle mode
Repeat mode

Compare match/input
capture A interrupt from
16-bit timer channels 0 to 2

Transmit-data-empty
and receive-data-full
interrupts from SCI
channel 0

Conversion-end interrupt
from A/D converter

External request

Up to four channels
can operate
independently

Only the B channels
support external requests

Full address
mode

Normal mode

Auto-request

External request

Block transfer mode

Compare match/input
capture A interrupt from
16-bit timer channels 0 to 2

Conversion-end interrupt
from A/D converter

External request

A and B channels are
paired; up to two
channels are available

Burst mode transfer or
cycle-steal mode transfer
can be selected for auto-
requests

A summary of operationsin these modes follows.

/O Mode: One byte or word is transferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-hit address and one 8-bit address are specified. The transfer direction is
determined automatically from the activation source.

Idle Mode: One byte or word is transferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-bit address and one 8-bit address are specified. The addresses are held fixed.
The transfer direction is determined automatically from the activation source.
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Repeat M ode: One byte or word istransferred per request. A designated number of these
transfers are executed. When the designated number of transfers are completed, the initial address
and counter value are restored and operation continues. No CPU interrupt is requested. One 24-bit
address and one 8-bit address are specified. The transfer direction is determined automatically
from the activation source.

Normal Mode

e Auto-request
The DMAC is activated by register setup alone, and continues executing transfers until the
designated number of transfers have been completed. A CPU interrupt can be requested at
completion of the transfers. Both addresses are 24-bit addresses.
O Cycle-stea mode
The busis released to another bus master after each byte or word is transferred.
0 Burst mode
Unless requested by a higher-priority bus master, the busis not released until the
designated number of transfers have been completed.
e External request
One byte or word is transferred per request. A designated number of these transfers are

executed. A CPU interrupt can be requested at completion of the designated number of
transfers. Both addresses are 24-bit addresses.

Block Transfer Mode: One block of a specified sizeis transferred per request. A designated
number of block transfers are executed. At the end of each block transfer, one addressiis restored
toitsinitial value. When the designated number of blocks have been transferred, a CPU interrupt
can be requested. Both addresses are 24-bit addresses.
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7.4.2 I1/0O Mode

I/0 mode can be selected independently for each channel.

One byte or word istransferred at each transfer request in I/O mode. A designated number of
these transfers are executed. One addressis specified in the memory address register (MAR), the
other in the I/O address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer is from the address specified in IOAR to the address
specified in MAR if activated by an SCI channel O receive-data-full interrupt, and from the
address specified in MAR to the address specified in IOAR otherwise.

Table 7.6 indicates the register functionsin I/O mode.

Table7.6 Register Functionsin I/O Mode
Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 0 Destination Source Destination or  Incremented or
‘ ' MAR | ‘ address address source start decremented
: : register register address once per
transfer
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
15 0 Transfer counter Number of Decremented
‘ ETCR ‘ transfers once per
: transfer until
H'0000 is
reached and
transfer ends
[Legend]

MAR: Memory address register

IOAR: 1/O address register

ETCR: Execute transfer count register

MAR and | OAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address, which isincremented or decremented as each byte or word is transferred.
IOAR specifies the lower 8 bits of a fixed address. The upper 16 bitsare all 1s. IOAR is not

incremented or decremented.

Figure 7.2 illustrates how 1/0O mode operates.

RENESAS
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Address T —» -— |OAR
" O

1 byte or word is
transferred per request

Y

Address B—®

[Legend]

L = initial setting of MAR

N = initial setting of ETCR

Address T =L

Address B =L + (1) PTIP. (2DTSZ . N — 1)

Figure7.2 Operationin I/O Mode

The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared and the transfer ends.
If the DTIE bitisset to 1, a CPU interrupt is requested at this time. The maximum transfer count
is 65,536, obtained by setting ETCR to H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel 0O,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.2.4, Data Transfer Control Registers (DTCR).
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Figure 7.3 shows a sampl e setup procedure for I/0O mode.

( I/0 mode setup >

Set source and
destination addresses

Set transfer count

(1]

(2]

[1] Setthe source and destination addresses
in MAR and I0OAR. The transfer direction is
determined automatically from the activation
source.
[2] Set the transfer count in ETCR.
[3] Read DTCR while the DTE bit is cleared to O.
[4] Setthe DTCR bits as follows.
» Select the DMAC activation source with bits
DTS2 to DTSO.
« Set or clear the DTIE bit to enable or disable
the CPU interrupt at the end of the transfer.
« Clear the RPE bit to 0 to select I/0 mode.
« Select MAR increment or decrement with the
DTID bit.

Read DTCR [3] « Select byte size or word size with the DTSZ bit.
» Set the DTE bit to 1 to enable the transfer.
Set DTCR [4]
I/O mode
Figure7.3 1/0 Mode Setup Procedure (Example)

7.4.3 Idle Mode

Idle mode can be selected independently for each channel.

One byte or word istransferred at each transfer request in idle mode. A designated number of
these transfers are executed. One address is specified in the memory address register (MAR), the
other in the I/O address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer is from the address specified in IOAR to the address
specified in MAR if activated by an SCI channel 0 receive-data-full interrupt, and from the
address specified in MAR to the address specified in IOAR otherwise.

Table 7.7 indicates the register functionsin idle mode.
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Table7.7 Register Functionsin Idle Mode

Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 0 Destination Source Destination or  Held fixed
‘ " MAR | ‘ address address source address
: : register register
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
15 0 Transfer counter Number of Decremented
‘ ETCR ‘ transfers once per
: transfer until
H'0000 is
reached and
transfer ends
[Legend]

MAR: Memory address register
IOAR: 1/O address register
ETCR: Execute transfer count register

MAR and |OAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address. IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all
1s. MAR and IOAR are not incremented or decremented.

Figure 7.4 illustrates how idle mode operates.

MAR —»

\/—\

\_/—\

1 byte or word is
transferred per request

\/\

\/\

-+— |OAR

Figure7.4 Operationin ldle Mode
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The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared, the transfer ends, and
a CPU interrupt is requested. The maximum transfer count is 65,536, obtained by setting ETCR to
H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel O,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).

Figure 7.5 shows a sampl e setup procedure for idle mode.

( Idle mode setup > [1] Setthe source and destination addresses
in MAR and IOAR. The transfer direction is deter-
mined automatically from the activation source.
[2] Set the transfer count in ETCR.
[3] Read DTCR while the DTE bit is cleared to 0.
[4] Setthe DTCR bits as follows.
 Select the DMAC activation source with bits
DTS2 to DTSO.
» Set the DTIE and RPE bits to 1 to select idle mode.
Set transfer count (2] « Select byte size or word size with the DTSZ bit.
» Set the DTE bit to 1 to enable the transfer.

Set source and [
destination addresses

Read DTCR [3]
Set DTCR [4]
Idle mode

Figure7.5 ldle Mode Setup Procedure (Example)
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7.4.4 Repeat Mode

Repeat mode is useful for cyclically transferring a bit pattern from atable to the programmable
timing pattern controller (TPC) in synchronization, for example, with 16-bit timer compare match.
Repeat mode can be selected for each channel independently.

One byte or word is transferred per request in repeat mode, asin I/0 mode. A designated number
of these transfers are executed. One addressis specified in the memory address register (MAR),
the other in the I/O address register (IOAR). At the end of the designated number of transfers,
MAR and ETCRH are restored to their original values and operation continues. The direction of
transfer is determined automatically from the activation source. The transfer is from the address
specified in IOAR to the address specified in MAR if activated by an SCI channel O receive-data-
full interrupt, and from the address specified in MAR to the address specified in IOAR otherwise.

Table 7.8 indicates the register functions in repeat mode.

Table7.8 Register Functionsin Repeat M ode
Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting Operation
Destination Source Destination or  Incremented or
23 0 address address source start decremented at
: register register address each transfer until
‘ . MAR ‘ ETCRH reaches
H'0000, then restored
to initial value
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address  destination
register register address
Transfer counter Number of Decremented once
7 0 transfers per transfer until
ETCRH H'0000 is reached,
then reloaded from
ﬁ ETCRL
7 o [nitial transfer count Number of Held fixed
transfers
ETCRL
[Legend]

MAR: Memory address register

IOAR: /O address register

ETCR: Execute transfer count register
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In repeat mode ETCRH is used as the transfer counter while ETCRL holdstheinitial transfer
count. ETCRH is decremented by 1 at each transfer until it reaches H'00, then is reloaded from
ETCRL. MAR isalso restored to itsinitia value, which is calculated from the DTSZ and DTID
bitsin DTCR. Specifically, MAR isrestored as follows:

MAR « MAR —(-1)°™ . 2°™ . ETCRL
ETCRH and ETCRL should be initially set to the same value.

In repeat mode transfers continue until the CPU clears the DTE bit to 0. After DTE iscleared to O,
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No
CPU interrupt is requested.

Asin 1/O mode, MAR and IOAR specify the source and destination addresses. MAR specifiesa
24-hit source or destination address. IOAR specifies the lower 8 bits of afixed address. The upper
16 bitsare al 1s. IOAR is not incremented or decremented.

Figure 7.6 illustrates how repeat mode operates.

Address T —#= ~— |OAR

1 byte or word is
transferred per request

[Legend]

L = initial setting of MAR

Address B —® N = initial setting of ETCRH and ETCRL
Address T =L

\/—\ Address B = L + (—1)PTIP+ (20TSZ. \ — 1)

Figure7.6 Operation in Repeat Mode
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The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximum transfer
count is 255, obtained by setting both ETCRH and ETCRL to H'FF.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel O,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.2.4, Data Transfer Control Registers (DTCR).

Figure 7.7 shows a sampl e setup procedure for repeat mode.

( Repeat mode >

Set source and [1]
destination addresses

Set transfer count [2]
Read DTCR [3]
Set DTCR [4]

¢

Repeat mode

(1]

2]
(3]
[4]

Set the source and destination addresses in MAR

and IOAR. The transfer direction is determined

automatically from the activation source.

Set the transfer count in both ETCRH and ETCRL.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

* Select the DMAC activation source with bits
DTS2 to DTSO.

e Clear the DTIE bit to 0 and set the RPE bitto 1
to select repeat mode.

¢ Select MAR increment or decrement with the DTID bit.

 Select byte size or word size with the DTSZ bit.

* Set the DTE bit to 1 to enable the transfer.

Figure7.7 Repeat Mode Setup Procedur e (Example)
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7.45 Normal M ode

In normal mode the A and B channels are combined. One byte or word istransferred per request.
A designated number of these transfers are executed. Addresses are specified in MARA and
MARB. Table 7.9 indicates the register functionsin I/O mode.

Table7.9 Register Functionsin Normal Mode

Register Function Initial Setting Operation

23 0 Source address Source start Incremented or

‘ I MARA ‘ register address decremented once per
: : transfer, or held fixed

23 0 Destination Destination start Incremented or

‘ i MARB ‘ address register address decremented once per
‘ ‘ transfer, or held fixed
15 0 Transfer counter Number of Decremented once per
‘ ETCRA ‘ transfers transfer

|

[Legend]

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as data is transferred.

The transfer count is specified as a 16-bit value in ETCRA. The ETCRA value is decremented by
1 at each transfer. When the ETCRA val ue reaches H'0000, the DTE bit is cleared and the transfer
ends. If the DTIE bit isset to 1, a CPU interrupt is requested at this time. The maximum transfer
count is 65,536, obtained by setting ETCRA to H'0000.
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Figure 7.8 illustrates how normal mode operates.

Address Tp—»

Address By —®

[Legend]

L, =initial setting of MARA
Lg =initial setting of MARB
N =initial setting of ETCRA
Ta =La

Ba

Tg =Lg

Bg

\/\\/—\

< AddressTg

Y

\

-a—— Address By

\/\\/—\

=L, + SAIDE + (~1) SAID« (2DTSZ o N — 1)

=Ly + DAIDE » (—1)PAID « (2DTSZ o N — 1)

Figure 7.8 Operation in Normal Mode

Transfers can be requested (activated) by an external request or auto-request. An auto-requested
transfer is activated by the register settings alone. The designated number of transfers are executed
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the DMAC
releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bus until the
transfers are completed, unless there is a bus request from a higher-priority bus master.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).
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Figure 7.9 shows a sampl e setup procedure for normal mode.

( Normal mode

Set initial source address

Set initial destination address

Set transfer count

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

l

Normal mode

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

[1]
2]
(3]
[4]

[5]

[6]
[7]
(8]
[9]

Set the initial source address in MARA.

Set the initial destination address in MARB.

Set the transfer count in ETCRA.

Set the DTCRB bits as follows.

» Clear the DTME bit to 0.

» Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.

« Select the DMAC activation source with bits
DTS2B to DTSOB.

Set the DTCRA bits as follows.

e Clear the DTE bit to 0.

 Select byte or word size with the DTSZ bit.

» Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.

» Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.

» Clear the DTSOA bit to 0 and set the DTS2A
and DTS1A bits to 1 to select normal mode.

Read DTCRB with DTME cleared to 0.

Set the DTME bit to 1 in DTCRB.

Read DTCRA with DTE cleared to O.

Set the DTE bit to 1 in DTCRA to enable the transfer.

Note: Carry out settings 1 to 9 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in

which case the transfer will not start.

Figure7.9 Normal Mode Setup Procedur e (Example)
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7.4.6 Block Transfer Mode

In block transfer mode the A and B channels are combined. One block of a specified sizeis
transferred per request. A designated number of block transfers are executed. Addresses are
specified in MARA and MARB. The block area address can be either held fixed or cycled.

Table 7.10 indicates the register functions in block transfer mode.

Table7.10 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 0 Source address Source start Incremented or
‘ MARA ‘ register address decremented once per
transfer, or held fixed
23 0 Destination Destination start Incremented or
‘ MARB ‘ address register address decremented once per
transfer, or held fixed
7 0  Block size counter  Block size Decremented once per
ETCRAH transfer until H'00 is
reached, then reloaded
ﬂ from ETCRL
7 — 0 Initial block size Block size Held fixed
ETCRAL
15 0 Block transfer Number of block Decremented once per
\ counter transfers block transfer until H'0000
‘ ETQRB ‘

is reached and the
transfer ends

[Legend]

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A
ETCRB: Execute transfer count register B

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as datais transferred. One of these registers operates as a
block arearegister: even if it isincremented or decremented, it isrestored to itsinitia value at the
end of each block transfer. The TMS bit in DTCRB selects whether the block areais the source or

destination.
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If M (1 to 255) isthe size of the block transferred at each request and N (1 to 65,536) isthe
number of blocks to be transferred, then ETCRAH and ETCRAL should initially be set to M and
ETCRB should initialy be set to N.

Figure 7.10 illustrates how block transfer mode operates. In thisfigure, bit TMSis cleared to 0,
meaning the block area is the destination.

Tp—> —
— — - Address T

— Block 1 —

| | —  Block area i)
BA—> - ]

~4—— Address By

- | \_/_\

— Block 2 —]

| —1 M bytes or words are
transferred per request

— Block N -

[Legend]

L o =initial setting of MARA

L g = initial setting of MARB

M = initial setting of ETCRAH and ETCRAL
N initial setting of ETCRB

TA = LA

Ba =L+ SAIDE» (-1)SAP« (207524 M —1)
TB = LB

Bg =Lg+ DAIDE « (-1)PAP « (2PTS2 ¢ M — 1)

Figure7.10 Operation in Block Transfer Mode
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When activated by atransfer request, the DMAC executes a burst transfer. During the transfer
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented.
When ETCRAH reaches H'00, it is reloaded from ETCRAL to restore the initial value. The
memory address register of the block areais also restored to itsinitial value, and ETCRB is
decremented. If ETCRB is not H'0000, the DMAC then waits for the next transfer request.
ETCRAH and ETCRAL should beinitialy set to the same value.

The above operation is repeated until ETCRB reaches H'0000, at which point the DTE bit is
cleared to 0 and the transfer ends. If the DTIE bitisset to 1, a CPU interrupt is requested at this
time.

Figure 7.11 shows examples of a block transfer with byte data size when the block areaisthe
destination. In (a) the block area addressis cycled. In (b) the block area addressis held fixed.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 2, by an A/D converter conversion-end interrupt, and by external request signals.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).
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Start
(DTE =DTME =1)

| Get bus |

Read from MARA address
[

| MARA = MARA + 1 |

[

Write to MARB address

\
| MARB = MARB + 1 |
[

| ETCRAH = ETCRAH -1 |

ETCRAH = H'00

| Release bus |

\
ETCRAH = ETCRAL
MARB = MARB -ETCRAL

\
| ETCRB = ETCRB -1 |

ETCRB = H'0000
Ye

es

<Clear DTE to 0 and end transfer>

a. DTSZ=TMS =0
SAID = DAID =0
SAIDE = DAIDE =1

Start
(DTE =DTME =1)

| Get bus |

Read from MARA address

\
MARA = MARA + 1
\

Write to MARB address

| ETCRAH = ETCRAH -1 |

ETCRAH = H'00

| Release bus |
\
| ETCRAH = ETCRAL |

| ETCRB =ETCRB -1 |

ETCRB = H'0000
Ye

es

(Clear DTE to 0 and end transfer>

b. DTSZ=TMS =0
SAID =0
SAIDE=1
DAIDE =0

Figure7.11 Block Transfer Mode Flowcharts (Examples)
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Figure 7.12 shows a sample setup procedure for block transfer mode.

( Block transfer mode

)

Set source address

Set destination address

Set block transfer count

Set block size

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

;

Block transfer mode

[1] Setthe source address in MARA.
[2] Set the destination address in MARB.
[3] Setthe block transfer count in ETCRB.
[1] [4] Set the block size (number of bytes or words)
in both ETCRAH and ETCRAL.
[5] Setthe DTCRB bits as follows.
« Clear the DTME bit to 0.
[2] « Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.
« Set or clear the TMS bit to make the block area
the source or destination.
« Select the DMAC activation source with bits
DTS2B to DTSOB.
[6] Setthe DTCRA bits as follows.
[4] *Clear the DTE to O.
« Select byte size or word size with the DTSZ bit.
« Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.
5] « Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.
e Set bits DTS2A to DTSOA all to 1 to select
[6] block transfer mode.
[7] Read DTCRB with DTME cleared to 0.
[8] Setthe DTME bitto 1 in DTCRB.
[9] Read DTCRA with DTE cleared to 0.
[7] [10] Setthe DTE bitto 1 in DTCRA to enable
the transfer.

(3]

(8]

9]

(10]

Note: Carry out settings 1 to 10 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.

Figure7.12 Block Transfer Mode Setup Procedure (Example)
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74.7 DMAC Activation

The DMAC can be activated by an internal interrupt, external request, or auto-request. The
available activation sources differ depending on the transfer mode and channel asindicated in
table 7.11.

Table7.11 DMAC Activation Sources

Short Address Mode

Channels Channels Full Address Mode

Activation Source 0A and 1A 0B and 1B Normal Block
Internal IMIAO O O x @)
interrupts IMIAL o) ) < o

IMIA2 O O X O

ADI O O X O

TXIO O O X x

RXIO O O X X
External Falling edge x O O @)
requests of DREQ

Low input at x O O x

DREQ
Auto-request x x O x

Activation by Internal Interrupts: When an interrupt request is selected asa DMAC activation
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt.

When the DMAC is activated by an interrupt request, the interrupt request flag is cleared
automatically. If the same interrupt is selected to activate two or more channels, the interrupt
request flag is cleared when the highest-priority channel is activated, but the transfer request is
held pending on the other channelsin the DMAC, which are activated in their priority order.
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Activation by External Request: If an external request (DREQ pin) is selected as an activation
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level-
sensitive or edge-sensitive.

In short address mode and normal mode, an external request operates as follows. If edge sensing is
selected, one byte or word is transferred each time a high-to-low transition of the DREQ input is
detected. If the next edge isinput before the transfer is completed, the next transfer may not be
executed. If level sensing is selected, the transfer continues while DREQ islow, until the transfer
iscompleted. The busis released temporarily after each byte or word has been transferred,
however. If the DREQ input goes high during atransfer, the transfer is suspended after the current
byte or word has been transferred. When DREQ goes low, the request is held internally until one
byte or word has been transferred. The TEND signal goeslow during the last write cycle.

In block transfer mode, an external request operates as follows. Only edge-sensitive transfer
requests are possible in block transfer mode. Each time a high-to-low transition of the DREQ
input is detected, a block of the specified size istransferred. The TEND signal goes low during the
last write cycle in each block.

Activation by Auto-Request: The transfer starts as soon as enabled by register setup, and
continues until completed. Cycle-steal mode or burst mode can be selected.

In cycle-steal mode the DMAC releases the bus temporarily after transferring each byte or word.
Normally, DMAC cycles aternate with CPU cycles.

In burst mode the DMAC keeps the bus until the transfer is completed, unless there is a higher-
priority bus request. If thereis a higher-priority bus request, the busisreleased after the current
byte or word has been transferred.
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7.4.8 DMAC BusCycle

Figure 7.13 shows an example of the timing of the basic DMAC bus cycle. This example shows a
word-size transfer from a 16-bit two-state access area to an 8-hit three-state access area. When the
DMAC gets the bus from the CPU, after one dead cycle (T ), it reads from the source address and
writes to the destination address. During these read and write operations the busis not released
even if there is another bus request. DMAC cycles comply with bus controller settings in the same
way as CPU cycles.

CPU cycle DMAC cycle (1 word transfer) ‘ CPU cycle
=‘<

Ty T, Ty T Tg Ty T, Ty T T3 Ty T Tz Ty T, Ty T

| | .| Source | |
| | | . address | Destination address 1 |

LWR

Figure7.13 DMA Transfer Bus Timing (Example)
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Figure 7.14 shows the timing when the DMAC is activated by low input at a DREQ pin. This
example shows aword-size transfer from a 16-bit two-state access area to another 16-bit two-state
access area. The DMAC continues the transfer while the DREQ pin isheld low.

DMAC cycle
CPU cycle DMAC cycle CPU cycle (last transfer cycle) CPU cycle

Ty T Tz Tg T T2 T T2 Ty T2 Tg To T2 Ty T2 T1 T2

' Source fDestination‘ ' Source fDestinatlon
, address address | | , address address |

TEND

Figure7.14 BusTiming of DMA Transfer Requested by L ow DREQ | nput
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Figure 7.15 shows an auto-requested burst-mode transfer. This example shows a transfer of three
words from a 16-hit two-state access area to another 16-bit two-state access area.

CPU cycle DMAC cycle

To To Tg Ty T T T Ty T2 T To Ty T2 T T T T2

. Source | Destination | | | | |
' address iaddress | ! : : :

Address :X
bus

Figure7.15 Burst DMA BusTiming

When the DMAC is activated from a DREQ pin thereis a minimum interval of four states from
when the transfer is requested until the DMAC starts operating. The DREQ pin is not sampled
during the time between the transfer request and the start of the transfer. In short address mode
and normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the
pin is next sampled at the end of one block transfer.
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Figure 7.16 shows the timing when the DMAC is activated by the falling edge of DREQ in normal
mode.

CPU
CPU cycle DMAC cycle cycle | DMAC cycle
o T EEE e -l -l

To Ty T2 Ty T Tg To T2 Ty T T T Tg T T2

" Minimum 4 states " Next sampling point

Figure7.16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode
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Figure 7.17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in
norma mode.

CPU cycle DMAC cycle CPU cycle

To Ty T Ty T Tg Typ T Ty T Ty T T T Ty

e |
-l I SR B S S G

" Minimum 4 states " Next sampling point

Figure7.17 Timing of DMAC Activation by Low DREQ Level in Normal Mode
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Figure 7.18 shows the timing when the DMAC is activated by the falling edge of DREQ in block
transfer mode.

End of 1 block transfer

DMAC cycle CPU cycle DMAC cycle

Ty T Ty T Ty T Typ T Ty T Ty T Tyg Ty T

0 JUuuuuduyy L
DREQ UJ
poess

Next sampling

i Minimum 4 states
-~

Figure7.18 Timing of DMAC Activation by Falling Edge of DREQ in Block Transfer Mode
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7.4.9 Multiple-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1 and channel A > channel B.

Table 7.12 shows the complete priority order.

Table7.12 Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1

Channel 1B Low

If transfers are requested on two or more channels simultaneously, or if atransfer on one channel
isrequested during a transfer on another channel, the DMAC operates as follows.

When atransfer is requested, the DMAC requests the bus right. When it gets the busright, it
starts atransfer on the highest-priority channel at that time.

Once atransfer starts on one channel, requests to other channels are held pending until that
channel releases the bus.

After each transfer in short address mode, and each externally-requested or cycle-steal transfer
in norma mode, the DMAC releases the bus and returns to step 1. After releasing the bus, if
there isatransfer request for another channel, the DMAC requests the bus again.

After completion of a burst-mode transfer, or after transfer of one block in block transfer
mode, the DMAC releases the bus and returnsto step 1. If there isatransfer request for a
higher-priority channel or a bus request from a higher-priority bus master, however, the
DMAC releases the bus after completing the transfer of the current byte or word. After
releasing the bus, if there is atransfer request for another channel, the DMAC requests the bus

again.

Figure 7.19 shows the timing when channel OA is set up for I/0 mode and channel 1 for burst
mode, and a transfer request for channel OA isreceived while channel 1isactive.
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DMAC cycle CPU DMAC cycle CPU DMAC cycle
(channel 1) cycle (channel 0A) cycle (channel 1)

Ty To Ty T Tg Ty T Ty T Ty T Tg Ty T 11 T

wo L - -

Figure7.19 Timing of Multiple-Channel Operations

7.4.10 External Bus Requests, DRAM Interface, and DMAC

During aDMAC transfer, if the busright is requested by an external bus request signal (BREQ) or
by the DRAM interface (refresh cycle), the DMAC rel eases the bus after completing the transfer
of the current byte or word. If there isatransfer request at this point, the DMAC requests the bus
right again. Figure 7.20 shows an example of the timing of insertion of arefresh cycle during a
burst transfer on channel 0.

Refresh

DMAC cycle (channel 0) ‘ cycle DMAC cycle (channel 0)
=

-
Ty T Ty T Ty T Ty T Ty To Tg Ty T Tp T Ty T

e e e e s e

Figure7.20 BusTiming of DRAM Interface, and DMAC
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7411 NMI Interruptsand DMAC
NMI interrupts do not affect DMAC operations in short address mode.

If an NMI interrupt occurs during a transfer in full address mode, the DM AC suspends operations.
In full address mode, a channel is enabled when its DTE and DTME bits are both set to 1. NMI
input clearsthe DTME bit to 0. After transferring the current byte or word, the DMAC releases
the busto the CPU. In normal mode, the suspended transfer resumes when the CPU sets the
DTME bit to 1 again. Check that the DTE bit is set to 1 and the DTME bit is cleared to O before
setting the DTME bit to 1.

Figure 7.21 shows the procedure for resuming a DMAC transfer in normal mode on channel 0
after the transfer was halted by NMI input.

Resuming DMAC transfer [1] Check that DTE =1 and DTME = 0.
in normal mode

[2] Read DTCRB while DTME = 0,
then write 1 in the DTME bit.

Set DTME to 1 2]

:

DMA transfer continues End

Figure7.21 Procedurefor Resuminga DMAC Transfer Halted by NM| (Example)

For information about NMI interruptsin block transfer mode, see section 7.6.6, NMI Interrupts
and Block Transfer Mode.
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7.4.12 Abortinga DMAC Transfer

When the DTE bit in an active channel is cleared to O, the DMAC halts after transferring the
current byte or word. The DMAC starts again when the DTE bit is set to 1. In full address mode,
the DTME hit can be used for the same purpose. Figure 7.22 shows the procedure for aborting a
DMAC transfer by software.

[ DMAC transfer abort ) [1] Clear the DTE bitto 0 in DTCR.

To avoid generating an interrupt when
aborting a DMAC transfer, clear the DTIE
bit to 0 simultaneously.

Set DTCR 1]

|

DMAC transfer aborted

Figure7.22 Procedurefor Abortinga DMAC Transfer
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7.4.13  Exiting Full Address Mode

Figure 7.23 shows the procedure for exiting full address mode and initializing the pair of
channels. To set the channels up in another mode after exiting full address mode, follow the setup
procedure for the relevant mode.

Exiting full address mode [1] Clear the DTE bit to 0 in DTCRA, or wait
for the transfer to end and the DTE bit
to be cleared to 0.

[2] Clear all DTCRB bits to 0.
Halt the channel [1] [3] Clear all DTCRA bits to 0.
Initialize DTCRB [2]
Initialize DTCRA [3]

v

Initialized and halted

Figure7.23 Procedurefor Exiting Full Address Mode (Example)
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7414 DMAC Statesin Reset State, Standby Modes, and Sleep Mode

When the chip isreset or enters software standby mode, the DMAC isinitialized and halts.
DMAC operations continue in sleep mode. Figure 7.24 shows the timing of a cycle-steal transfer
in sleep mode.

Sleep mode
CPU cycle DMAC cycle ‘ DMAC cycle ‘
T, Tg Ty T, T T, Tg Ty T, T, T, Ty

Address bus X X )\ ,< X >\

. | |

Figure7.24 Timing of Cycle-Steal Transfer in Sleep Mode
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75 Interrupts
The DMAC generates only DMA-end interrupts. Table 7.13 lists the interrupts and their priority.

Table7.13 DMAC Interrupts

Description
Interrupt Short Address Mode Full Address Mode Interrupt Priority
DENDOA End of transfer on channel 0A  End of transfer on channel 0 High
DENDOB End of transfer on channel 0B —
DEND1A End of transfer on channel 1A End of transfer on channel 1 T
DEND1B End of transfer on channel 1B — Low

Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfer control
register (DTCR). Separate interrupt signals are sent to the interrupt controller.

The interrupt priority order among channelsis channel 0 > channel 1 and channel A > channel B.

Figure 7.25 shows the DMA-end interrupt logic. An interrupt is requested whenever DTE =0 and
DTIE=1.

DTE

j:>—> DMA-end interrupt

DTIE

Figure7.25 DMA-End Interrupt Logic

The DMA-end interrupt for the B channels (DENDB) is unavailable in full address mode. The
DTME bit does not affect interrupt operations.
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7.6 Usage Notes

7.6.1 Note on Word Data Transfer

Word data cannot be accessed starting at an odd address. When word-size transfer is selected, set
even values in the memory and 1/O address registers (MAR and IOAR).

7.6.2 DMAC Self-Access

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified
as source or destination addresses.

7.6.3 Longword Accessto Memory Address Registers
A memory address register can be accessed as longword data at the MARR address.
Example

MOV. L #LBL, ERO
MOV. L ERO, @ARR

Four byte accesses are performed. Note that the CPU may rel ease the bus between the second byte
(MARE) and third byte (MARH).

Memory address registers should be written and read only when the DMAC is halted.

764 Note on Full Address Mode Setup

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to
prevent the B channel from operating in short address mode during the register setup. The enable
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure.
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7.6.5 Note on Activating DMAC by Internal Interrupts

When using an internal interrupt to activate the DMAC, make sure that the interrupt selected as
the activating source does not occur during the interval after it has been selected but before the
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should
not be activated until the DMAC has been enabled. If the DMAC must be enabled while the on-
chip supporting module is active, follow the procedurein figure 7.26.

( Enabling of DMAC ) [1] While the DTE bit is cleared to 0,
interrupt requests are sent to the
CPU.
[2] Clear the interrupt enable bit to O
Selected interrupt [1] in the interrupt-generating on-chip

supporting module.
Interrupt hand- [3] Enable the DMAC.

ling by CPU No [4] Enable the DMAC-activating
interrupt.

requested?

‘ .

Clear selected interrupt's 2]
enable bitto O

Enable DMAC [3]

Set selected interrupt's [4]
enable bitto 1

l

DMAC operates

Figure7.26 Procedurefor Enabling DM AC while On-Chip Supporting
Module is Operating (Example)

If the DTE bit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and the selected
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt, for
example, the selected activating source cannot generate CPU interrupts. To terminate DMAC
operations in this state, clear the DTE bit to 0 to allow CPU interrupts to be requested. To
continue DMAC operations, carry out steps 2 and 4 in figure 7.26 before and after setting the
DTME bit

to 1.
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When 16-bit timer interrupt activates the DMAC, make sure the next interrupt does not occur
before the DMA transfer ends. If one 16-bit timer interrupt activates two or more channels, make
sure the next interrupt does not occur before the DMA transfers end on al the activated channels.
If the next interrupt occurs before atransfer ends, the channel or channels for which that interrupt
was selected may fail to accept further activation requests.

7.6.6 NMI Interruptsand Block Transfer Mode
If an NMI interrupt occursin block transfer mode, the DMAC operates as follows.

« When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word, then
clearsthe DTME hit to 0 and halts. The halt may occur in the middle of ablock.
It is possible to find whether atransfer was halted in the middle of ablock by checking the
block size counter. If the block size counter does not have itsinitial value, the transfer was
halted in the middle of a block.

e If thetransfer is halted in the middle of ablock, the activating interrupt flag is cleared to 0.
The activation request is not held pending.

¢ Whilethe DTE bit isset to 1 and the DTME bit is cleared to 0, the DMAC is halted and does
not accept activating interrupt requests. If an activating interrupt occursin this state, the
DMAC does not operate and does not hold the transfer request pending internally. Neither isa
CPU interrupt requested.
For this reason, before setting the DTME hit to 1, first clear the enable bit of the activating
interrupt to 0. Then, after setting the DTME bit to 1, set the interrupt enable bit to 1 again. See
section 7.6.5, Note on Activating DMAC by Internal Interrupts.

* Whenthe DTME bit is set to 1, the DMAC waits for the next transfer request. If it was halted
in the middle of ablock transfer, the rest of the block is transferred when the next transfer
request occurs. Otherwise, the next block is transferred when the next transfer request occurs.

7.6.7 Memory and 1/0 Address Register Values

Table 7.14 indicates the address ranges that can be specified in the memory and 1/0 address
registers (MAR and |OAR).
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Table7.14 Address Ranges Specifiablein MAR and I0AR

1-Mbyte Mode

16-Mbyte Mode

MAR H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)
IOAR H'FFF00 to H'FFFFF H'FFFFOO to H'FFFFFF

(1048320 to 1048575)

(16776960 to 16777215)

MAR bits 23 to 20 are ignored in 1-Mbyte mode.

7.6.8 Bus Cyclewhen Transfer is Aborted

When atransfer is aborted by clearing the DTE bhit or suspended by an NMI that clearsthe DTME
bit, if this halts a channel for which the DMAC has atransfer request pending internally, a dead
cycle may occur. This dead cycle does not update the halted channel’ s address register or counter
value. Figure 7.27 shows an example in which an auto-requested transfer in cycle-steal mode on
channel 0 is aborted by clearing the DTE bit in channel 0.

DMAC
CPU cycle DMAC cycle CPU cycle cycle CPU cycle

Address bus x >< X

I
=
e
—
kS

! DTE bit is |
1 cleared |

Figure7.27 BusTimingat Abort of DMA Transfer in Cycle-Steal Mode

7.6.9 Transfer Requestsby A/D Converter

When the A/D converter is set to scan mode and conversion is performed on more than one
channel, the A/D converter generates atransfer request when all conversions are completed. The
converted datais stored in the appropriate ADDR registers. Block transfer mode and full address
mode should therefore be used to transfer all the conversion results at one time.
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Section 8 /0O Ports

8.1 Overview

ThisLSI has ten input/output ports (ports 1 to 6, 8, 9, A, and B) and one input port (port 7). Table
8.1 summarizes the port functions. The pinsin each port are multiplexed as shown in table 8.1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, 4, and 5 have an input pull-up
control register (PCR) for switching input pull-up transistors on and off.

Ports 1 to 6 and port 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A, and B can
driveone TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive a darlington
pair. Ports 1, 2, and 5 can drive LEDs (with 10-mA current sink). Pins P8, to P8,, PA, to PA have
Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, 1/0 Port Block Diagrams.
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Table8.1

Port Functions

Expanded Modes Single-Chip Modes
Port | Description Pins Mode 1 ‘ Mode 2 ’ Mode 3 ’Mode 4 |Mode 5 Mode 7
Port 1 |* 8-bit /O port P1,to P1/ |Address output pins (A;to A) Address output (A, to Generic input/output
Can drive LEDs A to A A,) and generic input
DDR =0:
generic input
DDR =1:
address output
Port 2 | 8-bit I/O port P2,to P2/ |Address output pins (A, to A;) Address output (A, to | Generic input/output
Built-in input pull- | A to A, A,) and generic input
up transistors DDR =0:
Can drive LEDs generic input
DDR =1:
address output
Port 3 | 8-bit I/O port P3,to P3/ |Data input/output (D,, to D) Generic input/output
D, to D,
Port 4 |+ 8-bit I/O port P4, to P4/ Data input/output (D, to D,) and 8-bit generic input/output Generic input/output
« Built-in input pull- |D; to D, 8-bit bus mode: generic input/output
up transistors 16-bit bus mode: data input/output
Port 5 |+ 4-bit 1/O port P5,to P5/ | Address output (A, to A,) Address output (A, to | Generic input/output
« Built-in input pull- | A, to A, A, and 4-bit
up transistors generic input
« Can drive LEDs DDR = 0: generic input
DDR = 1: address output
Port 6 |+ 7-bit 1/O portand |P6 /@ Clock output () and generic input
1-bit input port
P6/LWR Bus control signal output (LWR, HWR, RD, AS) Generic input/output
P6,/HWR
P6,/RD
P6,/AS
P6,/BACK Bus control signal input/output (BACK, BREQ, WAIT) and
P6./BREQ 3-bit generic input/output
P6,/WAIT
Port 7 |+ 8-bitinput port | P7 /AN,/DA, |Analog input (AN,, AN,) to A/D converter, analog output (DA,, DA
P7/AN,/DA, |from D/A converter, and generic input
P7,to P7,/ Analog input (AN, to AN,) to A/D converter, and generic input
AN, to AN,
Portg | SPit/O port P8,/CS, DDR = 0: generic input DDR =0 (reset value): | Generic input/output
« P8, to P8, have DDR = 1 t value): TS, output ic inout
Schmitt inputs =1 (reset value): CS, outpu generic |nﬂ
DDR = 1: CS, output
P8,/IRQ,/ TRQ, input, CS, output, external trigger input (ADTRG) to A/D converter, | IRQ, input, external
CS/ADTRG |and generic input trigger input (ADTRG) to
DDR = 0 (after reset): generic input AID converter, and
DDR = 1: CS, output generic input/output
P8,/IRQ,/CS, |IRQ, and IRQ, input, CS, and CS, output, and generic input* IRQ, and IRQ, input and
P8,/IRQ,/CS, |DDR = 0 (reset value): generic input generic input/output
DDR = 1: CS, and CS, output
P8,IRQ, TRQ, input, RFSH output, and generic input/output TRQ,input and generic
/RFSH input/output
Note: * P8, can be used as an output port by making a setting in DRCRA.
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Expanded Modes

Single-Chip Modes

Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 ‘ Mode 5 Mode 7

Port9 |+ 6-bit 1/O port P9,/IRQ, Input and output (SCK,, SCK,, RxD,, RxD,, TxD,, TxD,) for serial communication interfaces 1 and 0
/SCK, (SCI1/0), TRQ, and TRQ, input, and 6-bit generic input/output
P9,/IRQ,

/SCK,
P9,/RxD,
P9,/RxD,
P9,/TXD,
P9,/TxD,
Port A|* 8-bit I/O port PAJTP,/ Output (TP,) from pro- | Address output Address output (A,)), | TPC output (TP,), 16-bit
« Schmitt inputs TIOCB,A grammable timing (A,) TPC output (TP,), timer input or output
2 pattern controller (TPC), input or output (TIOCB,), and generic
input or output (TIOCB,) (TIOCB,) for 16-bit input/output
for 16-bit timer and timer, and generic
generic input/output input/output
PA/TP./ TPC output (TP, to TP,), | TPC output (TP, to TP,),16-bit timer input and TPC output (TP, to TP,),
TIOCA,/A,, | 16-bit timer input and output (TIOCA,, TIOCB,, TIOCA,), address 16-bit timer input and
PAJ/TP./ output (TIOCA,, TIOCB,, |output (A, to A,,), and generic input/output output (TIOCA,, TIOCB,,
TIOCB,/A,, |TIOCA)) , and generic TIOCA,) and generic
PA TP/ input/output input/output
TIOCA/A,,
PA/TP./ TPC output (TP, to TP,), 16-bit timer input and output (TIOCB,, TIOCA,, TCLKD, TCLKC, TCLKB,
TIOCB/ TCLKA), 8-bit timer input (TCLKD, TCLKC, TCLKB, TCLKA), output (TEND,, TEND,) from DMA
TCLKD controller (DMAC), and generic input/output
PA,TP,/
TIOCA/
TCLKC
PA/TP,/
TCLKB
/TEND,
PAJTP,/
TCLKA
/TEND,

Port B|* 8-bit I/O port PB,/TP,/ TPC output (TP, to TP,,), SCI2 input and output (SCK,, RXD,, TxD,), DRAM | TPC output (TP, to
RXD, interface output (LCAS, UCAS), and generic input/output TP,,), SCI2 input and
PB/TP,/ output (SCK,, RxD,,
TXD, TxD,), and generic
PB/TP,/ input/output
SCK,LCAS
PB,/TP,,/

UCAS

PB,/TP,,/ TPC output (TP, to TP,), 8-bit timer input and output (TMIO,, TMO,, TMIO,, | TPC output (TP,, to TP,),
T™MIO,/ TMO,), DMAC input (DREQ,, DREQ,), CS, to CS, output, and generic 8-bit timer input and
DREQ,/CS, |input/output output (TMIO,, TMO,,
PB,/TP,/ TMIO,, TMO,), DMAC
TMO,/CS, input (DREQ,, DREQ,),
PB,/TP,/ and generic input/output
T™MIO,/

DREQ,CS,

PB/TP,/

TMO,/CS,
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8.2 Port 1

8.2.1 Overview

Port 1 isan 8-hit input/output port also used for address output, with the pin configuration shown
in figure 8.1. The pin functions differ between the expanded modes with on-chip ROM disabled,
expanded modes with on-chip ROM enabled, and single-chip mode. In modes 1 to 4 (expanded
modes with on-chip ROM disabled), they are address bus output pins (A, to A,).

In mode 5 (expanded mode with on-chip ROM enabled), settingsin the port 1 data direction
register (PLDDR) can designate pins for address bus output (A, to A,) or generic input. In mode 7
(single-chip mode), port 1 is ageneric input/output port.

When DRAM isconnected to areas 2 to 5, A, to A, output row and column addressesin read and
write cycles. For details see section 6.5, DRAM Interface.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
adarlington transistor pair.

Port 1 pins Modes1to4 Mode5 Mode 7
s P1,/A; A+ (output) P1; (input)/A; (output) P1, (input/output)
— Plg/Ag Ag (output) P1g (input)/Ag (output) Plg (input/output)
= Plg/Ag Ag (output) P1g (input)/As (output)  Plg (input/output)
~— P1,4/A,4 A, (output) P1, (input)/A, (output) P1, (input/output)
Port 4 — P153/A; A3 (output) P15 (input)/A3 (output) P13 (input/output)
> P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output)
~— P1,/A; A (output) P1, (input)/Aq (output) P1; (input/output)
~— P1y/A, Aj (output) P1y (input)/Ag (output)  P1, (input/output)

Figure8.1 Port 1 Pin Configuration
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822 Register Descriptions
Table 8.2 summarizes the registers of port 1.

Table8.2 Port 1 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to4 Modes5and 7
H'EEO00 Port 1 data direction register P1DDR w H'FF H'00
H'FFFDO  Port 1 data register P1DR R/W  H'00 H'00

Note: * Lower 20 bits of the address in advanced mode.

Port 1 Data Direction Register (P1DDR): P1IDDR is an 8-bit write-only register that can select
input or output for each pinin port 1.

Bit 7 6 5 4 3 2 1 0
\ PlyDDR‘ P16DDR‘ P15DDR‘ P14DDR‘ P13DDR \ P1,DDR \ PllDDR‘ PlODDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
104 | ReadMWrite — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
Sand 7| Read/write W W W W w W W W

Port 1 data direction 7to O
These bits select input or
output for port 1 pins

Modes 1 to 4 (Expanded M odes with On-Chip ROM Disabled): PIDDR values are fixed at 1.
Port 1 functions as an address bus.

Mode 5 (Expanded M ode with On-Chip ROM Enabled): After areset, port 1 functions as an
input port. A pinin port 1 becomes an address output pin if the corresponding PLDDR bit is set to
1, and ageneric input pin if thisbit is cleared to O.

Mode 7 (Single-Chip Mode): Port 1 functions as an input/output port. A pinin port 1 becomes an
output port if the corresponding PLDDR bit is set to 1, and an input port if this bit is cleared to O.

Rev. 5.0, 09/04, page 257 of 978
RENESAS



In modes 1 to 4, PADDR bits are always read as 1, and cannot be modified.

In modes 5 and 7, PLDDR isawrite-only register. Its value cannot be read. All bitsreturn 1 when
read.

P1DDRisinitialized to H'FF in modes 1 to 4, and to H'00 in modes 5 and 7, by areset and in
hardware standby mode. In software standby mode it retainsits previous setting. Therefore, if a
transition is made to software standby mode while port 1 is functioning as an input/output port
and a P1DDR bit is set to 1, the corresponding pin maintainsits output state.

Port 1 Data Register (P1DR): P1DR is an 8-hit readable/writable register that stores port 1
output data. When port 1 functions as an output port, the value of thisregister is output. When
this register isread, the pin logic level isread for bits for which the PADDR setting is 0, and the
P1DR valueisread for bits for which the PLDDR setting is 1.

Bit 7 6 5 4 3 2 1 0

‘ P11, ‘ Pl ‘ Pls ‘ P1, ‘ Pl ‘ P1, ‘ P1, ‘ Ply ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 1data7to 0
These bits store data for port 1 pins

P1DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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8.3 Port 2

8.3.1 Overview

Port 2 is an 8-hit input/output port also used for address output, with the pin configuration shown
in figure 8.2. The pin functions differ according to the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 2 consists of address bus
output pins (A, to A,). In mode 5 (expanded mode with on-chip ROM enabled), settingsin the
port 2 data direction register (P2DDR) can designate pins for address bus output (A, to A,) or
generic input. In mode 7 (single-chip mode), port 2 is a generic input/output port.

When DRAM isconnected to areas 2 to 5, A, to A, output row and column addresses in read and
write cycles. For details see section 6.5, DRAM Interface.

Port 2 has software-programmable built-in pull-up transistors.

Pinsin port 2 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
adarlington transistor pair.

Port 2 pins Modes 1to4 Modeb5 Mode 7

s P2;/Ag A;s (output) P2, (input)/A5 (output) P2 (input/output)
— P25/A14 Aq4 (output) P2¢ (input)/A14 (output) P2g (input/output)
= P25/A13 A1z (output) P25 (input)/A13 (output) P25 (input/output)
- P24/A» A1 (output) P2, (input)/A15 (output) P2, (input/output)
Port 2 = P23/A; Aq1 (output) P25 (input)/A1; (output) P25 (input/output)
> P2,/A1o Aqo (output) P2, (input)/A;g (output) P2, (input/output)
> P2;/Ag Ag (output) P2, (input)/Ag (output) P2, (input/output)

> P2,/Ag Ag (output) P2, (input)/Ag (output) P2, (input/output)

Figure8.2 Port 2 Pin Configuration
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832 Register Descriptions
Table 8.3 summarizes the registers of port 2.

Table8.3 Port 2 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to 4 Modes 5 and 7
H'EEO001 Port 2 data direction register P2DDR W  HFF H'00
H'FFFD1  Port 2 data register P2DR R/W H'00 H'00
H'EEO3C  Port 2 input pull-up MOS control P2PCR R/W H'00 H'00

register
Note: * Lower 20 bits of the address in advanced mode.

Port 2 Data Direction Register (P2DDR): P2DDR is an 8-bit write-only register that can select
input or output for each pinin port 2.

Bit 7 6 5 4 3 2 1 0

‘ P27DDR‘ P25DDR‘ P25DDR‘ P24DDR‘ P23;DDR ‘ P2,DDR ‘ P21DDR‘ P20DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 | Readiwrite — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
5and 7| pead/write W W w W w w w W

Port 2 data direction 7to O
These bits select input or
output for port 2 pins

Modes 1 to 4 (Expanded M odeswith On-Chip ROM Disabled): P2DDR values are fixed at 1.
Port 2 functions as an address bus.

Mode 5 (Expanded M ode with On-Chip ROM Enabled): Following areset, port 2 is an input
port. A pinin port 2 becomes an address output pin if the corresponding P2DDR bitisset to 1,
and a generic input port if thisbit iscleared to 0.

Mode 7 (Single-Chip Mode): Port 2 functions as an input/output port. A pin in port 2 becomes an
output port if the corresponding P2DDR bit is set to 1, and an input port if this bit is cleared to 0.
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In modes 1 to 4, P2DDR bits are always read as 1, and cannot be modified.

In modes 5 and 7, P2DDR isawrite-only register. Its value cannot be read. All bits return 1 when
read.

P2DDRisinitialized to H'FF in modes 1 to 4, and to H'00 in modes 5 and 7, by areset and in
hardware standby mode. In software standby mode it retains its previous setting. Therefore, if a
transition is made to software standby mode while port 2 is functioning as an input/output port
and a P2DDR hit is set to 1, the corresponding pin maintainsits output state.

Port 2 Data Register (P2DR): P2DR is an 8-bit readable/writable register that stores output data
for port 2. When port 2 functions as an output port, the value of this register is output. When a bit
in P2DDRissetto 1, if port 2 isread the value of the corresponding P2DR bit is returned. When a
bit in P2DDR iscleared to O, if port 2 isread the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0

‘ P2, ‘ P2 g ‘ P25 ‘ P2 4 ‘ P2 3 ‘ P2, ‘ P2, ‘ P2 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port2data7to 0
These bits store data for port 2 pins

P2DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 2 Input Pull-Up MOS Control Register (P2PCR): P2PCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistorsin port 2.

Bit 7 6 5 4 3 2 1 0
‘P27PCR‘ PZGPCR‘ P25PCR‘ P24PCR‘ P2;PCR ‘ P2,PCR ‘ P2,PCR ‘ PZOPCR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 input pull-up MOS control 7 to 0

These bits control input pull-up
transistors built into port 2

In modes 5 and 7, when a P2DDR hit is cleared to O (selecting generic input), if the corresponding
bit in P2PCR is set to 1, the input pull-up transistor is turned on.

P2PCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting.
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Table8.4 Input Pull-Up Transistor States (Port 2)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 Off Off Off Off
2
3
4
5 Off Off On/off On/off
7
[Legend]

Off: The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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8.4 Port 3

8.4.1 Overview

Port 3 isan 8-bit input/output port also used for data bus, with the pin configuration shown in
figure 8.3. Port 3 is adata busin modes 1 to 5 (expanded modes) and a generic input/output port

in mode 7 (single-chip mode).

Pinsin port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 3 pins

[ P37/D15
- P36/D14
-t Lt P35/D13
[ P34/D12
Port 3
~—> P33/Dq;
— P3,/Dqg
== P3,/Dyg

== P3,/Dg

Modes 1to 5

Di5 (input/output)
D14 (input/output)
D;3 (input/output)
D, (input/output)
D, (input/output)
Dig (input/output)
Dg (input/output)

Dg (input/output)

Mode 7

P3; (input/output)
P3g (input/output)
P35 (input/output)
P3, (input/output)
P33 (input/output)
P3, (input/output)
P3, (input/output)
P3; (input/output)

Figure8.3 Port 3 Pin Configuration

84.2 Register Descriptions

Table 8.5 summarizes the registers of port 3.

Table85 Port 3Registers

Address* Name Abbreviation R/W Initial Value
H'EE002 Port 3 data direction register P3DDR W H'00
H'FFFD2 Port 3 data register P3DR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.
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Port 3 Data Direction Register (P3DDR): P3DDR is an 8-bit write-only register that can select
input or output for each pinin port 3.

Bit 7 6 5 4 3 2 1 0

‘ P3;DDR ‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P31DDR‘ P3oDDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W w w W

Port 3 data direction 7to O
These bits select input or output for port 3 pins

Modes1to 5 (Expanded Modes): Port 3 functions as a data bus, regardless of the P3BDDR
settings.

Mode 7 (Single-Chip Mode): Port 3 functions as an input/output port. A pin in port 3 becomes an
output port if the corresponding P3DDR bit is set to 1, and an input port if this bit is cleared to 0.

P3DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P3DDRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port 3 isfunctioning as an input/output port and a P3DDR bit is set to 1, the corresponding pin
maintains its output state.

Port 3 Data Register (P3DR): P3DR is an 8-hit readable/writable register that stores output data
for port 3. When port 3 functions as an output port, the value of this register is output. When a bit
in P3BDDR isset to 1, if port 3 isread the value of the corresponding P3DR bit isreturned. When a
bitin P3BDDR iscleared to O, if port 3 isread the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0

‘ P3 < ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P35 ‘ P34 ‘ P3¢ ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 3data7to 0
These bits store data for port 3 pins

P3DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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85 Port 4

85.1 Overview

Port 4 is an 8-hit input/output port also used for data bus, with the pin configuration shown in
figure 8.4. The pin functions differ depending on the operating mode.

In modes 1 to 5 (expanded modes), when the bus width control register (ABWCR) designates

areas 0 to 7 all as 8-bit-access areas, the chip operatesin 8-bit bus mode and port 4 is a generic
input/output port. When at least one of areas 0 to 7 is designated as a 16-bit-access area, the chip
operatesin 16-bit bus mode and port 4 becomes part of the data bus. In mode 7 (single-chip
mode), port 4 is a generic input/output port.

Port 4 has software-programmable built-in pull-up transistors.

Pinsin port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Port 4

Port 4 pins

P4,/D
P4g/Dg
P4g/Dsg
P4,4/D,
P44/Djg
P4,/D,
P4,/D,

P44/Dg

Modes 1to 5

P4 (input/output)/D- (input/output)
P4 (input/output)/Dg (input/output)
P45 (input/output)/Ds (input/output)
P4, (input/output)/D,4 (input/output)
P45 (input/output)/D3 (input/output)
P4, (input/output)/D, (input/output)
P4, (input/output)/D, (input/output)

P4, (input/output)/Dg (input/output)

Mode 7

P4 (input/output)
P4 (input/output)
P45 (input/output)
P4, (input/output)
P4 (input/output)
P4, (input/output)
P4, (input/output)

P4, (input/output)

Figure8.4 Port 4 Pin Configuration
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852 Register Descriptions
Table 8.6 summarizes the registers of port 4.

Table8.6 Port 4 Registers

Address* Name Abbreviation R/W Initial Value
H'EE003 Port 4 data direction register P4DDR W H'00
H'FFFD3 Port 4 data register P4DR R/W H'00
H'EEO3E Port 4 input pull-up control register P4PCR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

Port 4 Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can select
input or output for each pin in port 4.

Bit 7 6 5 4 3 2 1 0
‘P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P43;DDR ‘ P4,DDR ‘ P41DDR‘ P40DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W \W w w W

Port 4 data direction 7to O
These bits select input or output for port 4 pins

Modes 1to 5 (Expanded Modes): When all areas are designated as 8-bit-access areas by the bus
controller’s bus width control register (ABWCR), selecting 8-bit bus mode, port 4 functions as an
input/output port. In this case, apin in port 4 becomes an output port if the corresponding PADDR
bitisset to 1, and an input port if this bit iscleared to O.

When at |east one areais designated as a 16-bit-access area, selecting 16-bit bus mode, port 4
functions as part of the data bus, regardless of the PADDR settings.

Mode 7 (Single-Chip Mode): Port 4 functions as an input/output port. A pin in port 4 becomes an
output port if the corresponding PADDR bit is set to 1, and an input port if this bit is cleared to O.

PADDR isawrite-only register. Its value cannot be read. All bitsreturn 1 when read.

PADDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retains its previous setting.
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ABWCR and PADDR are not initialized in software standby mode. Therefore, if atransition is
made to software standby mode while port 4 is functioning as an input/output port and a PADDR
bit is set to 1, the corresponding pin maintainsits output state.

Port 4 Data Register (P4DR): PADR is an 8-bit readable/writable register that stores output data
for port 4. When port 4 functions as an output port, the value of this register is output. When a bit
in PADDRissetto 1, if port 4 isread the value of the corresponding PADR bit is returned. When a
bit in PADDR iscleared to O, if port 4 isread the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0

‘ P4 ‘ P4 ‘ P4 g ‘ P4 4 ‘ P43 ‘ P4, ‘ P4 4 ‘ P4 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4data7to 0
These bits store data for port 4 pins

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 4 Input Pull-Up MOS Control Register (P4PCR): PAPCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistorsin port 4.

Bit 7 6 5 4 3 2 1 0
‘P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P41PCR‘ P40PCR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 input pull-up control 7to 0
These bits control input pull-up transistors built into port 4

In mode 7 (single-chip mode), and in 8-hit bus mode in modes 1 to 5 (expanded modes), when a
PADDR bhit is cleared to O (selecting generic input), if the corresponding PAPCR bit is set to 1, the
input pull-up transistor isturned on.

PAPCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting.
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Table 8.7 summarizes the states of the input pull-up transistors in each operating mode.

Table8.7 Input Pull-Up Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1to5 8-bit bus mode  Off Off On/off On/off
16-bit bus mode Off Off
7 On/off On/off

[Legend]
Off: The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PAPCR = 1 and PADDR = 0. Otherwise, it is off.

Rev. 5.0, 09/04, page 268 of 978
RENESAS



8.6 Port 5

8.6.1 Overview

Port 5 isa4-hit input/output port also used for address output, with the pin configuration shown in
figure 8.5. The pin functions differ depending on the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (A to A,). In mode 5 (expanded mode with on-chip ROM enabled), settingsin the port 5
data direction register (P5SDDR) designate pins for address bus output (A, to A,;) or generic input.
In mode 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmable built-in pull-up transistors.

Pinsin port 5 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
adarlington transistor pair.

Port 5 Modes 1to 4 Mode 5 Mode 7
pins
> P53/A9 A1g (output) P53 (input)/A;g (output) P53 (input/output)
> P5,/Ag Aqg (output) P5, (input)/A.g (output) P55 (input/output)
Port ~— P5;/A; A1 (output) P5, (input)/A;7 (output) P54 (input/output)
> P5y/A6 A (output) P54 (input)/A;g (output)  P5¢ (input/output)

Figure8.5 Port 5Pin Configuration

8.6.2 Register Descriptions
Table 8.8 summarizes the registers of port 5.

Table8.8 Port5Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to 4 Modes5and 7
H'EEO04 Port 5 data direction register PSDDR w H'FF H'FO
H'FFFD4 Port 5 data register P5DR R/W H'FO H'FO
H'EEO3F Port 5 input pull-up control register P5PCR R/W H'FO H'FO

Note: * Lower 20 bits of the address in advanced mode.
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Port 5 Data Direction Register (PSDDR): PSDDR is an 8-bit write-only register that can select
input or output for each pin in port 5.

Bits 7 to 4 arereserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53DDR‘P52DDR‘P51DDR‘P50DDR‘
Modes | Initial value 1 1 1 1 1 1 1 1
lto4 {Read/write — — — — — — — —
Modes{lnitial value 1 1 1 1 0 0 0 0
5and 7| Readiwrite — — — — W W W
Reserved bit‘s Port 5 data (‘jirection 3to 0

These bits select input or
output for port 5 pins

Modes 1 to 4 (Expanded Modeswith On-Chip ROM Disabled): PSDDR values are fixed at 1.
Port 5 functions as an address bus.

Mode 5 (Expanded M ode with On-Chip ROM Enabled): Following areset, port 5 is an input
port. A pinin port 5 becomes an address output pin if the corresponding PSDDR bitisset to 1,
and an input port if thisbit is cleared to O.

Mode 7 (Single-Chip Mode): Port 5 functions as an input/output port. A pin in port 5 becomes an
output port if the corresponding PSDDR bit is set to 1, and an input port if this bit is cleared to 0.

In modes 1 to 4, PSDDR bits are always read as 1, and cannot be modified.

In modes 5 and 7, PSDDR isawrite-only register. Its value cannot be read. All bitsreturn 1 when
read.

P5DDRisinitialized to H'FF in modes 1 to 4, and to H'FO in modes 5 and 7, by areset and in
hardware standby mode. In software standby mode it retains its previous setting. Therefore, if a
transition is made to software standby mode while port 5 is functioning as an input/output port
and a PSDDR hit is set to 1, the corresponding pin maintainsits output state.
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Port 5 Data Register (P5DR): P5DR is an 8-hit readable/writable register that stores output data
for port 5. When port 5 functions as an output port, the value of this register is output. When a bit
in PSDDR isset to 1, if port 5 isread the value of the corresponding P5SDR bit is returned. When a
bitin PSDDR iscleared to O, if port 5 isread the corresponding pin logic level isread.

Bits 7 to 4 arereserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
=1 = = — [ esa | psy | sy | 5o |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5data3to 0

These bits store data
for port 5 pins

P5DR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 5 Input Pull-Up MOS Control Register (P5PCR): PSPCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistorsin port 5.

Bits 7 to 4 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53PCR ‘ P5,PCR ‘ P51PCR‘P50PCR‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up control 3to 0

These bits control input pull-up
transistors built into port 5

In modes 5 and 7, when a PSDDR bit is cleared to O (selecting generic input), if the corresponding
bit in PSPCR is set to 1, the input pull-up transistor is turned on.

P5PCR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retains its previous setting.

Table 8.9 summarizes the states of the input pull-upsin each mode.
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Table8.9 Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software Standby Mode Other Modes
1 Off Off Off Off

2

3

4

5 Off Off On/off On/off

7

[Legend]

Off: The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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8.7 Port 6

8.7.1 Overview

Port 6 is an 8-bit input/output port that is also used for input and output of bus control signals
(LWR, HWR, RD, AS, BACK, BREQ, WAIT) and for clock (¢) output.

The pin configuration of port 6 is shown in figure 8.6.

In modes 1 to 5 (expanded modes), the pin functions are P6, (generic input)/g, LWR, HWR, RD,
AS, P6,/BACK, P6,/BREQ, and P6/WAIT). Seetable8.11 for the selection of the pin functions.
In mode 7 (single-chip mode), P6, functions as a generic input port or @ output, and P6, to P6,
function as generic input/output ports.

When DRAM is connected to areas 2 to 5, LWR, HWR, and RD also function as LCAS, UCAS,
and WE, respectively. For details see section 6.5, DRAM Interface.

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Port 6 pins Modes 1to 5 Mode 7
(expanded modes) (single-chip mode)
> P66,/ P6- (input)/ @ (output) P65 (input) / @(output)
~— P65/LWR LWR (output) P64 (input/output)
~— P6/HWR HWR (output) P65 (input/output)
Port6 |«— pP6,/RD RD (output) P&, (input/output)
+~— P65/AS AS  (output) P64 (input/output)

~— P6,/BACK  P6, (input/output)/ BACK (output)  P6, (input/output)
~— P6,/BREQ P6; (input/output)/ BREQ (input) P64 (input/output)
~— P6y/ WAIT P6¢ (input/output)/ WAIT (input) P6 ¢ (input/output)

Figure8.6 Port 6 Pin Configuration
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8.7.2 Register Descriptions
Table 8.10 summarizes the registers of port 6.

Table8.10 Port 6 Registers

Address* Name Abbreviation R/W Initial Value
H'EE005 Port 6 data direction register P6DDR w H'80
H'FFFD5 Port 6 data register P6DR R/W H'80

Note: * Lower 20 bits of the address in advanced mode.

Port 6 Data Direction Register (P6DDR): P6DDR is an 8-bit write-only register that can select
input or output for each pinin port 6.

Bit 7 isreserved. It isfixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR‘P62DDR ‘ P61DDR‘ P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — W W W W w w W
Reserved bit Port 6 data direction 6to 0

These bits select input or output for port 6 pins

Modes 1 to 5 (Expanded Modes): P6, functions as the clock output pin (¢) or an input port. P8, is
the clock output pin (¢) if the PSTOP hit in MSTRCH is cleared to O (initial value), and an input
port if thishit isset to 1.

P6, to P6, function as bus control output pins (LWR, HWR, RD, and AS), regardiess of the
settings of bits P6,DDR to P6,DDR.

P6, to PG, function as bus control input/output pins (BACK, BREQ, and WAIT) or input/output
ports. For the method of selecting the pin functions, seetable 8.11.

When P6, to P6, function as input/output ports, the pin becomes an output port if the
corresponding P6DDR bit is set to 1, and an input port if thisbit is cleared to O.

Mode 7 (Single-Chip Mode): P6, functions as the clock output pin (¢) or an input port. P6, to
P6, function as generic input/output ports. P6, is the clock output pin () if the PSTOP bit in
MSTCRH iscleared to 0, and an input port if this bit isset to 1 (initial value). A pinin port 6
becomes an output port if the corresponding bit of P6,DDR to P6,DDR is set to 1, and an input
port if thispiniscleared to 0.
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PEDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PEDDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port 6 is functioning as an input/output port and a PBDDR bit is set to 1, the corresponding pin
maintains its output state.

Port 6 Data Register (P6DR): P6DR is an 8-hit readable/writable register that stores output data
for port 6. When port 6 functions as an output port, the value of this register is output. For bit 7, a
value of 1lisreturned if the bit is read while the PSTOP bit in MSTCRH is cleared to 0, and the
P67 pin logic level isreturned if the bit is read while the PSTOP bit is set to 1. Bit 7 cannot be
modified. For bits 6 to 0, the pin logic level isreturned if the bit is read while the corresponding
bitin P6DDR is cleared to 0, and the P6DR valueis returned if the bit is read while the
corresponding bit in P6DDR is set to 1.

Bit 7 6 5 4 3 2 1 0

‘ P6-, ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P64 ‘ P6g ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write R R/W R/W R/W R/W R/W R/W R/W

Port 6 data 7 to O
These bits store data for port 6 pins

PEDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.11 Port 6 Pin Functionsin Modes1to 5

Pin Pin Functions and Selection Method
P6./@ Bit PSTOP in MSTCRH selects the pin function.

PSTOP 0 1

Pin function @ output P6, input
LWR Functions as LWR regardless of the setting of bit P6,DDR.

P6,DDR 0 1

Pin function LWR output*

Note: * If any of bits DRAS2 to DRASO in DRCRA is 1 and bit CSEL in DRCRB is 1, LWR

output functions as LCAS.

HWR Functions as HWR regardless of the setting of bit P6,DDR.

P6,DDR 0 1

Pin function HWR output*

Note: * If any of bits DRAS2 to DRASO in DRCRA is 1 and bit CSEL in DRCRB is 1, HWR

output functions as UCAS.

RD Functions as RD regardless of the setting of bit P6,DDR.

P6,DDR 0 1

Pin function RD output*

Note: * If any of bits DRAS2 to DRASO in DRCRA is 1, RD output functions as WE.
AS Functions as AS regardless of the setting of bit P6,DDR.

P6,DDR 0 1

Pin function AS output
P6,/BACK Bit BRLE in BRCR and bit P6,DDR select the pin function as follows.

BRLE 0 1

P6,DDR 0 1 —

Pin function P6, input P6, output BACK output
P6,/BREQ Bit BRLE in BRCR and bit P6,DDR select the pin function as follows.

BRLE 0 1

P6,DDR 0 1 —

Pin function P6, input P6, output BREQ input
P6 /WAIT Bit WAITE in BCR and bit P6,DDR select the pin function as follows.

WAITE 0 1

P6,DDR 0 1 o

Pin function P6, input P6, output WAIT input

Note: * Do not set bit P6,DDR to 1.
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8.8 Port 7

8.8.1 Overview

Port 7 is an 8-bit input port that is also used for analog input to the A/D converter and analog
output from the D/A converter. The pin functions are the same in all operating modes. Figure 8.7
shows the pin configuration of port 7.

See section 15, A/D Converter, for details of the A/D converter analog input pins, and section 16,
D/A Converter, for details of the D/A converter analog output pins.

Port 7 pins

~——> P75 (input)/AN - (input)/DA ; (output)
— P7¢ (input)/ANg (input)/DA o (output)
+—— P75 (input)/AN;5 (input)

~—— P7,4 (input)/AN4 (input)

Port 7
~—— P75 (input)/AN 3 (input)
—— P75 (input)/AN, (input)
~—— P7, (input)/AN 1 (input)

~—— P74 (input)/AN (input)

Figure8.7 Port 7 Pin Configuration
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882 Register Description

Table 8.12 summarizes the port 7 register. Port 7 is an input port, and port 7 has no data direction
register.

Table8.12 Port 7 Data Register

Address* Name Abbreviation R/W Initial Value

H'FFFD6 Port 7 data register P7DR R Undetermined

Note: * Lower 20 bits of the address in advanced mode.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P7; ‘ P7g ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7, ‘ P70 ‘
Initial value —* —* —* —* _* _x _x _x
Read/Write R R R R R R R R

Note: * Determined by pins P77 to P7q.

When port 7 isread, the pin logic levels are always read. P7DR cannot be modified.
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8.9 Port 8

8.9.1 Overview

Port 8 is a 5-hit input/output port that is also used for CS, to CS, output, RESH output, IRQ, to
IRQ, input, and A/D converter ADTRG input. Figure 8.8 shows the pin configuration of port 8.

In modes 1 to 5 (expanded modes), port 8 can provide CS, to CS, output, RESH output, IRQ, to
IRQ, input, and ADTRG input. See table 8.14 for the selection of pin functions in expanded
modes.

In mode 7 (single-chip mode), port 8 can provide IRQ, to IRQ, input and ADTRG input. See table
8.15 for the selection of pin functions in single-chip mode.

See section 15, A/D Converter, for a description of the A/D converter's ADTRG input pin.

The IRQ, to IRQ, functions are selected by I1ER settings, regardless of whether the pin is used for
input or output. Caution istherefore required. For details see section 5.3.1, External Interrupts.

When DRAM is connected to areas 2 to 5, the CS, and CS, output pins function asRAS output
pinsfor each area. For details see section 6.5, DRAM Interface.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.
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Port 8

Port 8 pins

P8,/ CS,

P83/CS;/IRQz / ADTRG
P8,/CS,/IRQ,
P8,/CS3/IRQ,

P8o/ RFSH/IRQ,

Pin functions in mode 7
(single-chip mode)

P8,/(input/output)

Pin functions in modes 1to 5
(expanded modes)

P8, (input)/ CS, (output)

P85 (input)/ CS; (output)/ IRQ5 (input) / ADTRG (input)
P8, (input)/ CS, (output)/ IRQ, (input)

P8, (input/output)/ CS3 (output)/IRQ, (input)

P8, (input/output)/ RFSH (output)/@o (input)

P83/(input/0utput)/@3 (input) /ADTRG (input)

P8, /(input/output)/ IRQ,, (input)

P8, /(input/output)/ IRQ (input)

P8,/(input/output)/ IRQ, (input)

Figure8.8 Port 8 Pin Configuration
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8.9.2 Register Descriptions
Table 8.13 summarizes the registers of port 8.

Table8.13 Port 8 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to 4 Modes 5 and 7
H'EE007 Port 8 data direction P8DDR w H'FO H'EO
register
H'FFFD7  Port 8 data register P8DR R/W H'EO H'EO

Note: * Lower 20 bits of the address in advanced mode.

Port 8 Data Direction Register (P8DDR): PBDDR is an 8-bit write-only register that can select
input or output for each pin in port 8.

Bits 7 to 5 arereserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P84DDR‘ P83DDR ‘ P8,DDR ‘ P8,DDR ‘ P8,DDR ‘
Modes{ Initial value 1 1 1 1 0 0 0 0
1t04 | ReadWrite — — — W W W W W
Modes{ Initial value 1 1 1 0 0 0 0 0
S5and7| Readiwrite — — — w W W W w
Reser\‘/ed bits Port 8 data di‘rection 4to00

These bits select input or
output for port 8 pins

Modes 1 to 5 (Expanded M odes): When bitsin PSDDR bit are set to 1, P8, to P8, become CS, to
CS, output pins. When bitsin PSDDR are cleared to 0, the corresponding pins become input ports.
However, P8, can also be used as an output port, depending on the setting of bits DRAS2 to
DRASO in DRAM control register A (DRCRA). For details see section 6.5.2, DRAM Space and
RAS Output Pin Settings.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), following areset P8, functions as
the CS, output, while CS, to CS, are input ports. In mode 5 (expanded mode with on-chip ROM
enabled), following areset CS, to CS, are al input ports.

When the refresh enable bit (RFSHE) in DRCRA isset to 1, P8, is used for RFSH output. When
RFSHE is cleared to 0, P8, becomes an input/output port according to the PBDDR setting. For
details see table 8.14.
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Mode 7 (Single-Chip Mode): Port 8 is a generic input/output port. A pinin port 8 becomes an
output port if the corresponding PBDDR bit is set to 1, and an input port if this bit is cleared to 0.

P8DDR isawrite-only register. Its value cannot be read. All bitsreturn 1 when read.

P8DDRisinitialized to H'FO in modes 1 to 4, and to H'EO in modes 5 and 7, by areset and in
hardware standby mode. In software standby mode P8DDR retainsits previous setting. Therefore,
if atransition is made to software standby mode while port 8 is functioning as an input/output port
and a PBDDR hit is set to 1, the corresponding pin maintainsits output state.

Port 8 Data Register (P8DR): P8DR is an 8-hit readable/writable register that stores output data
for port 8. When port 8 functions as an output port, the value of this register is output. When a bit
in PBDDR isset to 1, if port 8 isread the value of the corresponding P8DR bit isreturned. When
abitin PBDDRiscleared to O, if port 8 is read the corresponding pin logic level is read.

Bits 7 to 5 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P8 4 ‘ P8 3 ‘ P8, ‘ P8 1 ‘ P8 ¢ ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8data4to 0

These bits store data
for port 8 pins

P8DR isinitialized to H'EOQ by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.14 Port 8 Pin Functionsin Modes1to 5

Pin Pin Functions and Selection Method
P8,/ICS, Bit P8,DDR selects the pin function as follows.

P8,DDR 0 1

Pin function P8, input CS, output
P8,/CS,/IRQ/ADTRG Bit P8,DDR selects the pin function as follows.

P8,DDR 0 1

Pin function P8, input CS, output

IRQ, input
ADTRG input

P8,/CS,/IRQ,

The DRAM interface se
pin function as follows.

ttings by bits DRAS2 to DRASO in DRCRA, and bit P8,DDR, select the

DRAM interface
settings

(1) in table below

|(2) in table below

P8,DDR

0

1

Pin function

P8, input

S, output

S, output*

IRQ, input

Note: * CS, is output as RAS,.

2

DRAM interface
setting

®

@

DRAS2

DRAS1

0

1 0

DRASO

0\1010\

1 0 1

P8 /CS /IRQ,

The DRAM interface se
pin function as follows.

ttings by bits DRAS2 to DRASO in DRCRA, and bit P8,DDR, select the

DRAM interface

settings (1) in table below (2) in table below (3) in table below
P8,DDR 0 1 0 1 —
Pin function P8, input |CS; output| P8, input | P8, output CS, output pin*
pin pin pin pin
IRQ, input pin
Note: * CS, is output as RAS,.
DRAM interface
setting 1) 3) 2) 3) )
DRAS2 0 1
DRAS1 0 1 0 1
DRASO o | 1 o | 1 o | 1 o | 1
PSDIWIW0 Bit RFSHE in DRCRA and bit P8,DDR select the pin function as follows.
RFSHE 0 1*
P8,DDR 0 1 —
Pin function P8, input P8, output RFSH output

IRQ, input

Note: * If areas 2 to 5 are not designated as DRAM space, this bit should not be set to 1.
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Table8.15 Port 8 Pin Functionsin Mode 7

Pin Pin Functions and Selection Method
P8, Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
P8,/IRQ,/ADTRG Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
ADTRG input
P8,IRQ, Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
P8,/IRQ, Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
P8,/IRQ, Bit P8,DDR select the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
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8.10 Port9

8.10.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TxD,, TxD,, RxD,, RxD,,
SCK,, SCK,) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQ,
and IRQ, input. See table 8.17 for the selection of pin functions.

The IRQ, and IRQ, functions are selected by |ER settings, regardless of whether the pin is used
for input or output. Caution is therefore required. For details see section 5.3.1, External Interrupts.

Port 9 has the same set of pin functionsin all operating modes. Figure 8.9 shows the pin

configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a

darlington transistor pair.

Port 9

Port 9 pins

l=——= P9; (input/output)/SCK; (input/output)/IRQs (input)
— P9, (input/output)/SCKg, (input/output)/IRQ,4 (input)
+— P93 (input/output)/RxD; (input)

~—— P9, (input/output)/RxDq (input)

~——> P9, (input/output)/TxD; (output)

~—— P9, (input/output)/TxDq (output)

Figure8.9 Port 9 Pin Configuration
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8.10.2 Register Descriptions
Table 8.16 summarizes the registers of port 9.

Table8.16 Port 9 Registers

Address* Name Abbreviation R/W Initial Value
H'EE008 Port 9 data direction register PODDR w H'CO
H'FFFD8 Port 9 data register PODR R/W H'CO

Note: * Lower 20 bits of the address in advanced mode.

Port 9 Data Direction Register (P9DDR): PODDR is an 8-bit write-only register that can select
input or output for each pinin port 9.

Bits 7 and 6 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93DDR‘P92DDR ‘ P91DDR‘P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w W w w w "
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

When port 9 functions as an input/output port, apin in port 9 becomes an output port if the
corresponding PODDR hit is set to 1, and an input port if thisbit is cleared to 0. For the method of
selecting the pin functions, see table 8.17.

PODDR isawrite-only register. Its value cannot be read. All bitsreturn 1 when read.

PODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port 9 is functioning as an input/output port and a PODDR hit is set to 1, the corresponding pin
maintains its output state.
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Port 9 Data Register (P9DR): PODR is an 8-hit readable/writable register that stores output data
for port 9. When port 9 functions as an output port, the value of this register is output. When a bit
in PODDR isset to 1, if port 9 isread the value of the corresponding PO9DR bit is returned. When a
bitin PODDR iscleared to O, if port 9 isread the corresponding pin logic level isread.

Bits 7 and 6 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P9 g ‘ P94 ‘ P93 ‘ P9, ‘ P9, ‘ P9 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port 9data5to 0

These bits store data
for port 9 pins

PODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.17

Port 9 Pin Functions

Pin Pin Functions and Selection Method
P9,/SCK /IRQ, Bit C/A in SMR of SCI1, bits CKEO and CKEL1 in SCR, and bit P9,DDR select the pin function
as follows.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P9.DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQ, input
P9,/SCK/IRQ, Bit C/A in SMR of SCIO, bits CKEO and CKEL1 in SCR, and bit P9,DDR select the pin function
as follows.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQ, input
P9,/RxD, Bit RE in SCR of SCI1, bit SMIF in SCMR, and bit P9,DDR select the pin function as follows.
SMIF 0 1
RE 0 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output RxD, input RxD, input
P9,/RxD, Bit RE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin function as follows.

SMIF 0 1
RE 0 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output RxD, input RxD, input
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Pin Functions and Selection Method

Pin

P9,/TxD, Bit TE in SCR of SCI1, bit SMIF in SCMR, and bit P9,DDR select the pin function as follows.
SMIF 0 1
TE 1 —
P9, DDR 0 1 — —
Pin function P9, input P9, output TxD, output TxD, output*
Note: * Functions as the TxD, output pin, but there are two states: one in which the pin is

driven, and another in which the pin is at high-impedance.

P9/TxD, Bit TE in SCR of SCIO, bit SMIF in SCMR, and bit P9 DDR select the pin function as follows.
SMIF 0 1
TE 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output TxD, output TxD, output*

Note: * Functions as the TxD, output pin, but there are two states: one in which the pin is
driven, and another in which the pin is at high-impedance.

RENESAS
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8.11 Port A

8.11.1 Overview

Port A isan 8-bit input/output port that is also used for output (TP, to TP,) from the
programmable timing pattern controller (TPC), input and output, (TIOCB,, TIOCA,, TIOCB,,
TIOCA,, TIOCB,, TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-hit timer, input
(TCLKD, TCLKC, TCLKB, TCLKA) to the 8-bit timer, output (TEND,, TEND,) from the DMA
controller (DMAC), and address output (A,,to A,). A reset or hardware standby transition leaves
port A as an input port, except that in modes 3 and 4, one pin is always used for A, output. See
table 8.19 to 8.21 for the selection of pin functions.

Usage of pinsfor TPC, 16-bit timer, 8-bit timer, and DMAC input and output is described in the
sections on those modules. For output of address bits A, to A, in modes 3, 4, and 5, see section
6.2.4, Bus Release Control Register (BRCR). Pinsnot assigned to any of these functions are
available for generic input/output. Figure 8.10 shows the pin configuration of port A.

Pinsin port A can driveone TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair. Port A has Schmitt-trigger inputs.
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Port A pins

<« PA,/TP, /TIOCB, /Ay
<> PAS/TP5/TIOCB, /A
-~ PA,/TP,[TIOCA, /Ap3
Port A
= PA3/TP3/TIOCB,/TCLKD
> PA,/TP,/TIOCA,/TCLKC
~——= PA,/TP, /TEND, /TCLKB

«—— PA(/TP, /TEND,/TCLKA

Pin functions in modes 1, 2, and 7

PA 7 (input/output)/TP ; (output)/TIOCB , (input/output)

PA ¢ (input/output)/TP ¢ (output)/TIOCA , (input/output)

PA g (input/output)/TP 5 (output)/TIOCB 4 (input/output)

PA 4 (input/output)/TP 4 (output)/TIOCA 4 (input/output)

PA 5 (input/output)/TP 3 (output)/TIOCB ¢ (input/output)/TCLKD (input)
PA , (input/output)/TP , (output)/TIOCA ¢ (input/output)/TCLKC (input)
PA ; (input/output)/TP ; (output)/TEND ; (output)/TCLKB (input)

PA  (input/output)/TP 4 (output)/TEND  (output)/TCLKA (input)

Pin functions in modes 3 and 4

Ayp (output)

PA 5 (input/output)/TP ¢ (output)/TIOCA , (input/output)/A 1 (output)
PA g (input/output)/TP 5 (output)/TIOCB 4 (input/output)/A 5,(output)
PA 4 (input/output)/TP 4 (output)/TIOCA 1 (input/output)/A »3(output)
PA 3 (input/output)/TP 3 (output)/TIOCB g (input/output)/TCLKD (input)
PA 5 (input/output)/TP 5 (output)/TIOCA g (input/output)/TCLKC (input)
PA 1 (input/output)/TP ; (output)/TEND ; (output)/TCLKB (input)

PA ( (input/output)/TP o (output)/TEND  (output)/TCLKA (input)

Pin functions in mode 5

PA 7 (input/output)/TP7 (output)/ TIOCB,, (input/output)/A 5, (output)
PAg (input/output)/TPg (output)/ TIOCA, (input/output)/A,4 (output)
PA 5 (input/output)/TP5 (output)/ TIOCB; (input/output)/A,, (output)
PA 4 (input/output)/TP,4 (output)/ TIOCA; (input/output)/A,3 (output)
PA 3 (input/output)/TP3 (output)/TIOCB (input/output)/TCLKD (input)
PA, (input/output)/TP, (output)/TIOCA, (input/output)/TCLKC (input)
PA 1 (input/output)/TP; (output)/TEND; (output)/TCLKB (input)

PA (input/output)/TPy (output)/TEND (output)/TCLKA (input)

Figure8.10 Port A Pin Configuration
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8.11.2 Register Descriptions
Table 8.18 summarizes the registers of port A.

Table8.18 Port A Registers

Initial Value
Address* Name Abbreviati R/W Modes 1, 2,5,and 7 Modes 3, 4
on
H'EE009 Port A data direction PADDR W H'00 H'80
register
H'FFFD9  Port A data register PADR R/W H'00 H'00

Note: * Lower 20 bits of the address in advanced mode.

Port A Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can select
input or output for each pinin port A. When pins are used for TPC output, the corresponding
PADDR bits must aso be set.

Bit 7 6 5 4 3 2 1 0

\ PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘ PA3DDR \ PA,DDR \ PA;DDR \ PADDR \
Modes{lnitialvalue 1 0 0 0 0 0 0 0
3,4 | ReadWrite — w w w w w w w
gfoz‘fe;{mitialvame 0 0 0 0 0 0 0 0
and 7 | Read/Write W W W W W W W

Port A data direction 7 to O
These bits select input or output for port A pins

The pin functions that can be selected for pins PA, to PA, differ between modes 1, 2, and 7, and
modes 3 to 5. For the method of selecting the pin functions, see tables 8.19 and 8.20.

The pin functions that can be selected for pins PA, to PA, are the same in modes 1 to 5, 7. For the
method of selecting the pin functions, see table 8.21.

When port A functions as an input/output port, apin in port A becomes an output port if the
corresponding PADDR hit is set to 1, and an input port if this bit is cleared to 0. In modes 3 and 4,
PA DDRisfixed at 1 and PA, functions as the A, address output pin.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PADDR isinitialized to H'00 by areset and in hardware standby mode in modes 1, 2, 5, and 7.
Itisinitialized to H'80 by areset and in hardware standby mode in modes 3 and 4. In software
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standby mode it retains its previous setting. Therefore, if atransition is made to software standby
mode while port A is functioning as an input/output port and a PADDR bit isset to 1, the
corresponding pin maintains its output state.

Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores output
datafor port A. When port A functions as an output port, the value of this register is output. When
abitin PADDR isset to 1, if port A is read the value of the corresponding PADR bit is returned.
When abit in PADDR iscleared to O, if port A isread the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ PA ; ‘ PA ¢ ‘ PA 5 ‘ PA 4 ‘ PA 3 ‘ PA 5 ‘ PA 1 ‘ PA ¢ ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port Adata7to0
These bits store data for port A pins

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Table8.19 Port A Pin Functions(Modes 1, 2, 7)

Pin Pin Functions and Selection Method

PA,/TP,/ Bit PWM2 in TMDR, bits IOB2 to IOBO0 in TIOR2, bit NDER7 in NDERA, and bit PA;DDR select the pin function
TIOCB, as follows.

16-bit timer channel 2

settings (1) in table below (2) in table below

PA DDR — 0 1 1
NDER7 — — 0 1

Pin function TIOCB, output PA, input PA, output | TP, output

TIOCB, input*

Note: * TIOCB, input when IOB2 = 1 and PWM2 = 0.

16-bit timer channel 2

settings ) 1) 2)
10B2 0 1
10B1 0 0 1 —
10B0O 0 1 — —
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Pin

Pin Functions and Selection Method

PAJTP/
TIOCA,

Bit PWM2 in TMDR, bits IOA2 to IOAO in TIOR2, bit NDERG6 in NDERA, and bit PA,DDR select the pin function

as follows.

16-bit timer channel 2
settings

(1) in table below

(2) in table below

PA,DDR

0

1

1

NDERG6

0

1

Pin function

TIOCA, output

PA, input

PA, output

TP, output

TIOCA, input*

Note: * TIOCA, input when I0A2 = 1.

16-bit timer channel 2
settings

@

@

@

(€3]

PWM2

I0A2

I0A1

I0A0

PAJTP/
TIOCB,

Bit PWM1 in TMDR, bits IOB2 to IOBO in TIOR1, bit NDERS in NDE

as follows.

RA, and bit PA,DDR select the pin function

16-bit timer channel 1

settings (1) in table below (2) in table below

PA.DDR — 0 1 1

NDERS — — 0 1

Pin function TIOCB, output PA, input PA, output | TP, output
TIOCB, input*

Note: * TIOCB, input when I0B2 = 1 and PWM1 = 0.

16-bit timer channel 1

settings 2) 1) 2)

10B2 0 1

10B1 0 0 1 —

10BO 0 1 — —
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Pin Pin Functions and Selection Method
PA/TP,/ Bit PWML1 in TMDR, bits IOA2 to IOAO in TIOR1, bit NDER4 in NDERA, and bit PA,DDR select the pin function
TIOCA, as follows.

16-bit timer channel 1

settings (1) in table below (2) in table below

PA DDR — 0 1 1
NDER4 — — 0 1

Pin function TIOCA, output PA, input PA, output | TP, output

TIOCA, input*

Note: * TIOCA, input when I0OA2 = 1.

16-bit timer channel 1

settings 2) 1) ) 1)
PWM1 0 1
I0A2 0 1 —
I0A1 0 0 1 — —
I0A0 0 1 — — —
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Table8.20 Port A Pin Functions (Modes 3 to 5)

Pin Pin Functions and Selection Method
PA/TP./ Modes 3 and 4: Always used as A, output.
TIOCB,/ A,, |Pin function ’ A,, output
Mode 5:
Bit PWM2 in TMDR, bits I0B2 to IOBO0 in TIOR2, bit NDER7 in NDERA, bit A20E in BRCR, and bit PA DDR
select the pin function as follows.
A20E 1 0
16-bit timer channel 2
settings (1) in table below (2) in table below —
PA DDR — 0 1 1 —
NDER7 — — 0 1 —
Pin function TIOCB, output PA_ input PA output | TP, output | A, output
TIOCB, input*
Note: * TIOCB, input when 10B2 = 1 and PWM2 = 0.
16-bit timer channel 2 settings ) 1) 2)
10B2 0 1
10B1 0 0 1 —
10B0 0 1 — —
PA TP/ Bit PWM2 in TMDR, bits IOA2 to IOAO in TIOR2, bit NDERG in NDERA, bit A21E in BRCR, and bit PA DDR
TIOCA,/A,,  select the pin function as follows.
A21E 1 0
16-bit timer channel 2
settings (1) in table below (2) in table below —
PADDR — 0 1 1 —
NDERG6 — — 0 1 —
Pin function TIOCA, output PA, input PA output | TP, output | A, output
TIOCA, input*
Note: * TIOCA, input when I0A2 = 1.
16-bit timer channel 2 settings 2) 1) 2) 1)
PWM2 0 1
10A2 0 1 —
I0A1 0 0 1 — —
10A0 0 1 — — —
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Pin Pin Functions and Selection Method
PATP./ Bit PWML1 in TMDR, bits IOB2 to IOBO in TIOR1, bit NDERS5 in NDERA, bit A22E in BRCR, and bit PA_.DDR
TIOCB/A,, select the pin function as follows.
A22E 1 0
16-bit timer channel 1
settings (1) in table below (2) in table below —
PA,DDR — 0 1 1 —
NDERS — — 0 1 —
Pin function TIOCB, output PA, input PA, output | TP, output | A, output
TIOCB, input*
Note: * TIOCB, input when 10B2 = 1 and PWM1 = 0.
16-bit timer channel 1
settings 2) 1) 2)
10B2 0 1
10B1 0 0 1 —
10B0 0 1 — —
PA/TP,/ Bit PWML1 in TMDR, bits IOA2 to IOAO in TIOR1, bit NDER4 in NDERA, bit A23E in BRCR, and bit PA,DDR
TIOCA/A,,  select the pin function as follows.

A23E 1 0

16-bit timer channel 1

settings (1) in table below (2) in table below —

PA,DDR — 0 1 1 —

NDER4 — — 0 1 —

Pin function TIOCA, output PA, input PA, output | TP,output | A, output
TIOCA, input*

Note: * TIOCA, input when I0A2 = 1.

16-bit timer channel 1

settings 2) 1) 2) 1)

PWM1 0 1

10A2 0 1 —

I0A1 0 0 1 — —

10A0 0 1 — — —
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Table8.21 Port A Pin Functions(Modes1to5, 7)

Pin

Pin Functions and Selection Method

PA/TP,/
TIOCBY
TCLKD

Bit PWMO in TMDR, bits IOB2 to I0B0 in TIORO, bits TPSC2 to TPSCO in 16 TCR2 to 16 TCRO of the 16-bit
timer, bits CKS2 to CKSO0 in 8TCR2 of the 8-bit timer, bit NDER3 in NDERA, and bit PA,DDR select the pin

function as follows.

16-bit timer channel O
settings

(1) in table below

(2) in table below

PA,.DDR — 0 1 1
NDER3 — — 0 1
Pin function TIOCB, PA, PA, TP,
output input output output
TIOCB, input**
TCLKD input*?
Notes: 1. TIOCB, input when I0B2 = 1 and PWMO = 0.

2. TCLKD input when TPSC2 = TPSC1 = TPSCO =1 in any of 16 TCR2 to 16 TCRO, or bits CKS2

to CKSO0 in 8TCR2 are as shown in (3) in the table below.

16-bit timer channel 0
settings

@

@)

@

10B2

10B1

10BO

8-bit timer channel 2
settings

()

(©)

CKS2

CKS1

CKSO
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Pin Pin Functions and Selection Method

PA/TP,/ Bit PWMO in TMDR, bits IOA2 to IOAOQ in TIORO, bits TPSC2 to TPSCO in 16TCR2 to 16 TCRO of the 16-bit
TIOCA/ timer, bits CKS2 to CKS0 in 8TCRO of the 8-bit timer, bit NDER2 in NDERA, and bit PA,DDR select the pin
TCLKC function as follows.

16-bit timer channel 0
settings (1) in table below (2) in table below
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCA, output PA, PA, output | TP, output
input
TIOCA, input**

TCLKC input*?

Notes: 1. TIOCA, input when IOA2 = 1.

2. TCLKC input when TPSC2 = TPSC1 = 1 and TPSCO = 0 in any of 16TCR2 to 16 TCRO, or hits
CKS2 to CKSO0 in 8TCRO are as shown in (3) in the table below.

16-bit timer channel 0

settings 2) 1) 2) 1)
PWMO 0 1
I0A2 0 1 —
I0A1 0 0 1 — —
I0A0 0 1 — — —

8-bit timer channel 0
settings 4) 3

CKS2 0 1
CKs1 —_ 0 1
CKSO0 —_ 0 1 —
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Pin Pin Functions and Selection Method
PA TP,/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16 TCR2 to 16 TCRO of the 16-bit timer, bits CKS2 to CKS0 in
TCLKB/ 8TCR3 of the 8-bit timer, bit NDER1 in NDERA, and bit PA DDR select the pin function as follows.
TEND,

PA DDR 0 1 1

NDER1 — 0 1

Pin function PA, input PA, output TP, output

TCLKB output**
TEND, output**
Notes: 1. TCLKB input when MDF =1 in TMDR, or TPSC2 =1, TPSC1 = 0, and TPSCO = 1 in any of
16TCR2 to 16TCRO, or bits CKS2 to CKSO0 in 8TCR3 are as shown in (1) in the table below.
2. When an external request is specified as a DMAC activation source, ml output regardless of
bits PA DDR and NDER1.

8-bit timer channel 3

settings 2) 1)

CKS2 0

CKS1 — 1

CKS0 — 1 —
PAJTP,/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16 TCR2 to 16 TCRO of the 16-bit timer, bits CKS2 to CKSO0 in
TCLKA/ 8TCR1 of the 8-bit timer, bit NDERO in NDERA, and bit PA DDR select the pin function as follows.
TEND,

PADDR 0
NDERO — 0 1
Pin function PA, input PA, output TP, output
TCLKA output**
TEND, output**
Notes: 1. TCLKA input when MDF =1 in TMDR, or TPSC2 =1, TPSC1 = 0 and TPSCO = 0 in any of
16TCR2 to 16TCRO, or bits CKS2 to CKSO0 in 8TCRO are as shown in (1) in the table below.
2. When an external request is specified as a DMAC activation source, mo output regardless of

bits PA DDR and NDERO.

8-bit timer channel 1

settings

@)

@)

CKS2

CKSs1

CKSO0
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8.12 Port B

8.12.1 Overview

Port B is an 8-bit input/output port that is also used for output (TP, to TP,) from the
programmable timing pattern controller (TPC), input/output (TMI10,, TMO,, TMIO,, TMO,) by
the 8-bit timer, CS, to CS, output, input (DREQ,, DREQ,) to the DMA controller (DMAC), input
and output (TxD,, RxD,, SCK,) by serial communication interface channel 2 (SCI2), and output
(UCAS, LCAS) by the DRAM interface. Seetable 8.23 to 8.24 for the selection of pin functions.
A reset or hardware standby transition leaves port B as an input port.

For output of CS, to CS, in modes 1 to 5, see section 6.3.4, Chip Select Signals. Pins not assigned
to any of these functions are available for generic input/output. Figure 8.11 shows the pin
configuration of port B.

When DRAM is connected to areas 2, 3, 4, and 5, the CS, and CS, output pins become RAS
output pins for these areas. For details see section 6.5, DRAM Interface.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive darlington
transistor pair.
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Port B

Port B pins

PB/TP;5 /RXD,

PBg/TP14 /TXD,

PBs/TP,3 /SCK,/LCAS

PB,/TP,, [UCAS

PB3/TP,; /TMIO,/DREQ,/CS,

PB,/TP1 /TMO,/CS,

PB,/TPg /TMIO,/DREQ,/CS,

PBy/TPg/TMO,/CS,

Pin functions in modes 1to 5

PB- (input/output)/TP45 (output) /RxD, (input)

PBg (input/output)/TP44 (output) /TxD, (output)

PBs (input/output)/TP43 (output) /SCK, (input/output) /LCAS (output)

PB, (input/output)/TP4, (output) /JUCAS (output)

PB; (input/output)/TP14 (output) /TMIO, (input/output) /DREQ; (input) CS, (output)
PB, (input/output)/TP4q (output) /TMO, (output) /CS; (output)

PB; (input/output)/TPg (output) /TMIO, (input/output) /DREQ, (input) /CS¢ (output)
PBy (input/output)/TPg (output) /TMO, (output) /CS, (output)

Pin functions in mode 7

PB- (input/output)/TP45 (output) /RxD, (input)

PBg (input/output)/TP14 (output) /TxD, (output)

PBg5 (input/output)/TP43 (output) /SCK, (input/output)

PB, (input/output)/TP,, (output)

PB; (input/output)/TP44 (output) /TMIO; (input/output) /DREQ, (input)
PB, (input/output)/TPq (output) /TMO, (output)

PB; (input/output)/TPg (output) /TMIO, (input/output) /DREQ, (input)
PBy (input/output)/TPg (output) /TMO, (output)

Figure8.11 Port B Pin Configuration
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8.12.2 Register Descriptions
Table 8.22 summarizes the registers of port B.

Table8.22 Port B Registers

Address* Name Abbreviation R/W Initial Value
H'EEQOOA Port B data direction register PBDDR w H'00
H'FFFDA Port B data register PBDR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

Port B Data Direction Register (PBDDR): PBDDR is an 8-hit write-only register that can select
input or output for each pin in port B. When pins are used for TPC output, the corresponding
PBDDR bits must also be set.

Bit 7 6 5 4 3 2 1 0

‘ PB- DDR‘ PBg DDR‘ PBsg DDR‘ PB4DDR‘ PB3DDR ‘ PB,DDR ‘ PB1 DDR‘ PBg DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W W w w w w

Port B data direction 7to 0
These bits select input or output for port B pins

The pin functions that can be selected for port B differ between modes 1 to 5, and mode 7. For the
method of selecting the pin functions, see tables 8.23 and 8.24.

When port B functions as an input/output port, a pin in port B becomes an output port if the
corresponding PBDDR bit is set to 1, and an input port if this bit is cleared to 0.

PBDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port B is functioning as an input/output port and a PBDDR hit is set to 1, the corresponding pin
maintains its output state.
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Port B Data Register (PBDR): PBDR is an 8-hit readable/writable register that stores output data
for pins port B. When port B functions as an output port, the value of this register is output. When
abitin PBDDRisset to 1, if port B isread the value of the corresponding PBDR hit is returned.
When abitin PBDDR is cleared to O, if port B is read the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0

‘ PB 7 ‘ PBg ‘ PB g ‘ PB 4 ‘ PB 3 ‘ PB ; ‘ PB ‘ PB o ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port B data 7to O
These bits store data for port B pins

PBDRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.23 Port B Pin Functions (Modes1to 5)

Pin Pin Functions and Selection Method
PB/TP,/ Bit RE in SCR of SCI2, bit SMIF in SCMR, bit NDER15 in NDERB, and bit PB,DDR select the pin function as
RxD, follows.
SMIF 1
RE 0 1 —
PB,DDR 0 1 1 — —
NDER15 — 0 1 — —
Pin function PB, input PB, output TP, output RxD, input RxD, input
PB/TP,/ Bit TE in SCR of SCI2, bit SMIF in SCMR, bit NDER14 in NDERB, and bit PB,DDR select the pin function as
TxD, follows.
SMIF 1
TE 0 1 —
PB,DDR 0 1 1 — —
NDER14 — 0 1 — —
Pin function PB, input PB, output TP, output TxD, output TxD, output*
Note: * Functions as the TxD, output pin, but there are two states: one in which the pin is driven, and another
in which the pin is at high-impedance.
PB/TP,/ Bit C/A in SMR of SCI2, bits CKEO and CKEL1 in SCR, bit NDER13 in NDERB, and bit PB,DDR select the pin
SCK,/LCAS function as follows.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
PB,DDR 0 1 1 — — —
NDER13 — 0 1 — — —
Pin function PB, input PB, output | TP output | SCK, output | SCK, output | SCK, input
LCAS output*
Note: * LCAS output depending on bits DRAS2 to DRASO in DRCRA and bit CSEL in DRCRB, and
regardless of bits C/A, CKEO and CKE1, NDER13, and PB,DDR. For details, see section 6, Bus
Controller.
PB,/TP,,/ Bit NDER12 in NDERB and bit PB,DDR select the pin function as follows.
UCAS PB,DDR 1 1
NDER12 — 0 1
Pin function PB, input PB, output TP, output
UCAS output*

Note: * UCAS output depending on bits DRAS2 to DRASO in DRCRA and bit CSEL in DRCRB, and
regardless of bits NDER12 and PB,DDR. For details, see section 6, Bus Controller.
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Pin Pin Functions and Selection Method

PB,/TP,./ The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, bits OIS3/2 and OS1/0 in 8TCSR3, bits
TMIO/ CCLR1 and CCLRO in 8TCR3, bit CS4E in CSCR, bit NDER11 in NDERB, and bit PB,DDR select the pin
DREQ,/CS, function as follows.

DRAM interface (1) in table below (2) in table
settings below
OIS3/2 and OS1/0 All O Not all 0 —
CS4E 0 1 — —
PB,DDR 0 1 1 — — —
NDER11 — 0 1 — — —
Pin function PB, PB, TP, CS, TMIO, output CS,
input output output output output*®
TMIO, input**
DREQ, input**

Notes: 1. TMIO, input when CCLR1 = CCLRO = 1.

2. When an external request is specified as a DMAC activation source, DREQ, input regardless of
bits OIS3 and 0IS2, OS1 and OS0, CCLR1 and CCLRO, CS4E, NDER11, and PB,DDR.

3. CS,is output as RAS,.

DRAM interface @) () @
settings

DRAS2 0 1

DRAS1 0 1 0 1
DRASO 0 1 0 1 0 1 0 1

PB,/TP,/ The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, bits OIS3/2 and OS1/0 in 8TCSR2, bit
TMO,CS,  CSS5E in CSCR, bit NDER10 in NDERB, and bit PB,DDR select the pin function as follows.

DRAM interface (1) in table below (2) in table
settings below
OIS3/2 and OS1/0 All O Not all 0 —
CS5E 0 1 — —
PB,DDR 0 1 1 — — —
NDER10 — 0 1 — — —
Pin function PB, PB, TP, CS, TMIO, output CS,
input output output output output*
Note: * CS, is output as RAS,.
DRAM interface 1) ) 1)
settings
DRAS2 0 1
DRAS1 0 1 0 1
DRASO 0 1 0 1 0 1 0 1
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Pin Pin Functions and Selection Method
Bits OIS3/2 and OS1/0 in 8TCSR1, bits CCLR1 and CCLRO in TCR1, bit CS6E in CSCR, bit NDER9 in

PB,/TP/
TMIO,/ NDERSB, and bit PB,DDR select the pin function as follows.
DREQ,/CS,
0IS3/2 and OS1/0 AllO Not all 0
CS6E 0 1 —
PB,DDR 0 1 1 — —
NDER9 — 0 1 — —
Pin function PB, PB, TP, CS, TMIO, output
input output output output
TMIO, input**
DREQ, input**
Notes: 1. TMIO, input when CCLR1 = CCLRO = 1.
2. When an external request is specified as a DMAC activation source, mo input regardless of
bits OIS3/2 and 0S1/0, bits CCLR1/0, bit CS6E, bit NDER9, and bit PB,DDR.
PB/TP,/ Bits OIS3/2 and OS1/0 in 8TCSRO, bit CS7E in CSCR, bit NDERS8 in NDERB, and bit PB DDR select the pin
TMO,/CS,  function as follows.
0IS3/2 and OS1/0 AllO Not all 0
CS7E 0 1 —
PB,DDR 0 1 1 — —
NDERS — 0 1 — —
Pin function PB, input PB, output TP, output CS, output TMO, output
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Table8.24 Port B Pin Functions (Mode 7)

Pin Pin Functions and Selection Method
PB/TP,/ Bit RE in SCR of SCI2, bit SMIF in SCMR, bit NDER15 in NDERB, and bit PB,DDR select the pin function as
RxD, follows.
SMIF 0 1
RE 0 1 —
PB,DDR 0 1 1 — —
NDER15 — 0 1 — —
Pin function PB, input PB, output TP, output RxD, input RxD, input
PB/TP,/ Bit TE in SCR of SCI2, bit SMIF in SCMR, bit NDER14 in NDERB, and bit PB,DDR select the pin function as
TxD, follows.
SMIF 0 1
TE 0 1 —
PB,DDR 0 1 1 — —
NDER14 — 0 1 — —
Pin function PB, input PB, output TP, output TxD, output TxD, output*
Note: * Functions as the TxD2 output pin, but there are two states: one in which the pin is driven, and another
in which the pin is at high-impedance.
PB/TP,/ Bit C/A in SMR of SCI2, bits CKEO and CKEL1 in SCR, bit NDER13 in NDERB, and bit PB,DDR select the pin
SCK, function as follows.
CKE1 0 1
C/IA 0 1 —
CKEO 0 1 — —
PB.,DDR 0 1 1 — — —
NDER13 — 0 1 — — —
Pin function PB, input PB, output | TP output | SCK, output | SCK, output | SCK, input
PB,/TP,, Bit NDER12 in NDERB and bit PB,DDR select the pin function as follows.
PB,DDR 0 1 1
NDER12 — 0 1
Pin function PB, input PB, output TP, output
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Pin Pin Functions and Selection Method

PB,/TP./ Bits OIS3/2 and OS1/0 in 8TCSR3, bits CCLR1 and CCLRO in 8TCR3, bit NDER11 in NDERB, and bit
TMIO/ PB,DDR select the pin function as follows.

DREQ,  [01s3/2 and 0S1/0 All0 Not all 0
PB,DDR 0 1 1 —
NDER11 — 0 1 —
Pin function PB, input PB, output TP,, output TMIO, output
TMIO, input**
DREQ, input*?

Notes: 1. TMIO, input when CCLR1 = CCLRO = 1.

2. When an external request is specified as a DMAC activation source, DREQ, input regardless of
bits OIS3/2 and 0S1/0, bit NDER11, and bit PB,DDR.

PB,/TP,/ Bits OIS3/2 and OS1/0 in 8TCSR2, bit NDER10 in NDERB, and bit PB,DDR select the pin function as follows.
T™O

2

OIS3/2 and OS1/0 All0 Not all 0
PB,DDR 0 1 1 —
NDER10 — 0 1 —

Pin function PB, input PB, output TP, output TMO, output

PB,/TP,/ Bits OIS3/2 and 0S1/0 in 8TCSR1, bits CCLR1 and CCLRO in 8TCRO, bit NDER9 in NDERB, and bit PB,DDR
T™IO/ select the pin function as follows.

DREQ, 0IS3/2 and 0S1/0 AllO Not all 0
PB,DDR 0 1 1 —
NDER9 — 0 1 —
Pin function PB, PB, TP, TMIO,
input output output output

TMIO, input**
DREQ, input**

Notes: 1. TMIO, input when CCLR1 = CCLRO = 1.

2. When an external request is specified as a DMAC activation source, DREQ, input regardless of
bits OIS3/2 and 0S1/0, bit NDERY, and bit PB,DDR.

PB/TP,/ Bits OIS3/2 and OS1/0 in 8TCSRO, bit NDERS in NDERB, and bit PB DDR select the pin function as follows.

T™O, 0IS3/2 and OS1/0 All 0 Not all 0
PB,DDR 0 1 1 —
NDERS — 0 1 —
Pin function PB, PB, P, T™O,
input output output output
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Section 9 16-Bit Timer

9.1 Overview

The H8/3069R has built-in 16-bit timer module with three 16-bit counter channels.

9.1.1 Features
16-bit timer features are listed below.

» Capability to process up to 6 pulse outputs or 6 pulse inputs

» Six general registers (GRs, two per channel) with independently-assignable output compare or
input capture functions

» Selection of eight counter clock sources for each channel:
Internal clocks. ¢, @2, @4, @8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD
» Five operating modes selectable in all channels:
0 Waveform output by compare match
Selection of 0 output, 1 output, or toggle output (only O or 1 output in channel 2)
O Input capture function
Rising edge, falling edge, or both edges (selectable)
O Counter clearing function
Counters can be cleared by compare match or input capture.
O Synchronization

Two or moretimer counters (16TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

0 PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
three-phase PWM output is possible.

» Phase counting mode selectable in channel 2
Two-phase encoder output can be counted automatically.
» High-speed access viainternal 16-bit bus
The 16TCNTs and GRs can be accessed at high speed viaa 16-bit bus.
* Any initial timer output value can be set
* Nineinterrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.
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» Output triggering of programmable timing pattern controller (TPC)
Compare match/input capture signals from channels 0 to 2 can be used as TPC output triggers.

Table 9.1 summarizes the 16-bit timer functions.

Table9.1

Item

16-bit timer Functions

Channel 0

Channel 1

Channel 2

Clock sources

Internal clocks: @, @2, ¢/4, @8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable

independently

General registers (output
compare/input
capture registers)

GRAO, GRBO

GRA1, GRB1

GRA2, GRB2

Input/output pins

TIOCA,, TIOCB,

TIOCA,, TIOCB,

TIOCA,, TIOCB,

Counter clearing function

GRAO/GRBO compare
match or input capture

GRA1/GRB1 compare
match or input capture

GRA2/GRB2 compare
match or input capture

Initial output value setting function Available Available Available
Compare 0 Available Available Available
match output 1 Available Available Available
Toggle Available Available Not available
Input capture function Available Available Available
Synchronization Available Available Available
PWM mode Available Available Available
Phase counting mode Not available Not available Available

Interrupt sources

Three sources

« Compare
match/input capture
A0

¢ Compare
match/input capture
BO

¢« Overflow

Three sources

¢ Compare
match/input capture
Al

« Compare
match/input capture
B1

¢« Overflow

Three sources
« Compare
match/input
capture A2
« Compare
match/input
capture B2
e Overflow

Rev. 5.0, 09/04, page 312 of 978

RENESAS



9.1.2 Block Diagrams

16-bit timer Block Diagram (Overall): Figure 9.1 is ablock diagram of the 16-bit timer.

TCLKA to TCLKD >

0, @2, ¢4, '8 >

Clock selector

TIOCAg to TIOCA; —
TIOCBj to TIOCB,

Control logic

IMIAO to IMIA2
> IMIBO to IMIB2
OVIO to OVI2

-

K>
K]
A
2
o
J

16-bit timer channel 2

16-bit timer channel 1
16-bit timer channel 0

<

K
<>

<] TSNR K>
<_| TMDR [ 2
8 2
@©
<] TOLR K% §
EC >3
| TISRA (T o g
[ 2
o=

Module data bus

[Legend]

TSTR: Timer start register (8 bits)
TSNR: Timer synchro register (8 bits)
TMDR: Timer mode register (8 bits)

TOLR: Timer output level setting register (8 hits)
TISRA: Timer interrupt status register A (8 bits)

TISRB: Timer interrupt status register

B (8 bits)

TISRC: Timer interrupt status register C (8 bits)

Figure9.1 16-bit timer Block Diagram (Overall)
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Block Diagram of Channels0 and 1: 16-bit timer channels 0 and 1 are functionally identical.
Both have the structure shown in figure 9.2.

TCLKA to TCLKD > == TIOCAq
Clock selector > TIOCB,
O W2, g4 @8 .
Control logic
— IMIAO
Comparator —= IMIBO
— OVIO

QN0 NN

16TCNT
GRA
GRB
16TCR
TIOR

000 00

Module data bus

[Legend]

16TCNT:  Timer counter (16 bits)

GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits * 2)
TCR: Timer control register (8 bits)

TIOR: Timer 1/O control register (8 bits)

Figure9.2 Block Diagram of ChannelsOand 1
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Block Diagram of Channel 2: Figure 9.3 isablock diagram of channel 2

TCLKA to TCLKD 1 = TIOCA,
Clock selector < TIOCB,
0. 02, ¢4, @8 _
Control logic IMIA2
Comparator — IMIB2
— OVI2

O AN 00

16TCNT2
GRA2
GRB2
16TCR2
TIOR2

<

00 00

Module data bus

[Legend]

16TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)

(16 bits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)

Figure9.3 Block Diagram of Channel 2
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9.1.3 Pin Configuration

Table 9.2 summarizes the 16-bit timer pins.

Table9.2 16-bit timer Pins

Abbre- Input/
Channel Name viation Output  Function
Common Clock input A TCLKA Input External clock A input pin
(phase-A input pin in phase counting
mode)
Clock input B TCLKB Input External clock B input pin
(phase-B input pin in phase counting
mode)
Clock input C TCLKC Input External clock C input pin
Clock input D TCLKD Input External clock D input pin
0 Input capture/output TIOCA,  Input/ GRAO output compare or input capture pin
compare A0 output PWM output pin in PWM mode
Input capture/output TIOCB,  Input/ GRBO output compare or input capture pin
compare BO output
1 Input capture/output TIOCA, Input/ GRAL output compare or input capture pin
compare Al output PWM output pin in PWM mode
Input capture/output TIOCB, Input/ GRB1 output compare or input capture pin
compare B1 output
2 Input capture/output TIOCA, Input/ GRA2 output compare or input capture pin
compare A2 output PWM output pin in PWM mode

Input capture/output
compare B2

TIOCB,  Input/

output

GRB2 output compare or input capture pin
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914 Register Configuration
Table 9.3 summarizes the 16-bit timer registers.

Table9.3 16-bit timer Registers

Abbre- Initial
Channel Address*'  Name viation R/W Value
Common  H'FFF60 Timer start register TSTR R/W H'F8
H'FFF61 Timer synchro register TSNC R/W H'F8
H'FFF62 Timer mode register TMDR R/W H'98
H'FFF63 Timer output level setting register ~ TOLR W H'CO
H'FFF64 Timer interrupt status register A TISRA R/(W)**  H'88
H'FFF65 Timer interrupt status register B TISRB R/(W)**  H'88
H'FFF66 Timer interrupt status register C TISRC R/(W)**  H'88
0 H'FFF68 Timer control register 0 16TCRO R/W H'80
H'FFF69 Timer 1/O control register 0 TIORO R/W H'88
H'FFF6A Timer counter OH 16TCNTOH R/W H'00
H'FFF6B Timer counter OL 16TCNTOL R/W H'00
H'FFF6C General register AOH GRAOH R/W H'FF
H'FFF6D General register AOL GRAOL R/W H'FF
H'FFF6E General register BOH GRBOH R/W H'FF
H'FFF6F General register BOL GRBOL R/W H'FF
1 H'FFF70 Timer control register 1 16TCR1 R/W H'80
H'FFF71 Timer 1/O control register 1 TIOR1 R/W H'88
H'FFF72 Timer counter 1H 16TCNT1H R/W H'00
H'FFF73 Timer counter 1L 16TCNT1L R/W H'00
H'FFF74 General register A1H GRA1H R/W H'FF
H'FFF75 General register A1L GRALL R/W H'FF
H'FFF76 General register B1H GRB1H R/W H'FF
H'FFF77 General register B1L GRBI1L R/W H'FF
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Abbre- Initial

Channel Address*'  Name viation R/W Value

2 H'FFF78 Timer control register 2 16TCR2 RIW H'80
H'FFF79 Timer 1/O control register 2 TIOR2 R/W H'88
H'FFF7A Timer counter 2H 16TCNT2H R/W H'00
H'FFF7B Timer counter 2L 16TCNT2L R/W H'00
H'FFF7C General register A2H GRA2H R/W H'FF
H'FFF7D General register A2L GRA2L R/W H'FF
H'FFF7E General register B2H GRB2H R/W H'FF
H'FFF7F General register B2L GRB2L R/W H'FF

Notes: 1. The lower 20 bits of the address in advanced mode are indicated.
2. Only 0 can be written in bits 3 to 0, to clear the flags.

9.2 Register Descriptions

921 Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that starts and stops the timer counter (16TCNT) in
channels 0 to 2.

Bit 7 6 5 4 3 2 1 0
] — 1 ] = — s sm]smo]

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W
Reserved bits Counter start 2to 0

These bits start and
stop 16TCNT2 to 16TCNTO

TSTRisinitialized to H'F8 by areset and in standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are aways read as 1.

Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (16TCNT2).

Bit 2

STR2 Description

0 16TCNT2 is halted (Initial value)
1 16TCNT2 is counting
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Bit 1—Counter Start 1 (STR1): Starts and stopstimer counter 1 (16TCNT1).

Bit 1

STR1 Description

0 16TCNT1 is halted (Initial value)
1 16TCNT1 is counting

Bit 0—Counter Start 0 (STRO0): Starts and stopstimer counter 0 (16TCNTO).

Bit 0

STRO Description

0 16TCNTO is halted (Initial value)
1 16TCNTO is counting

9.2.2 Timer Synchro Register (TSNC)

TSNC isan 8-hit readable/writable register that selects whether channels 0 to 2 operate
independently or synchronously. Channels are synchronized by setting the corresponding bitsto 1.

Bit 7 6 5 4 3 2 1 0
T ] — [ — ] = | = [svce]svei|swao]

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Reserved bits Timer sync 2to 0

These bits synchronize
channels 2to 0

TSNC isinitialized to H'F8 by areset and in standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or
synchronously.

Bit 2

SYNC2 Description

0 Channel 2’s timer counter (16 TCNT2) operates independently (Initial value)
16TCNT2 is preset and cleared independently of other channels

1 Channel 2 operates synchronously

16TCNT2 can be synchronously preset and cleared
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Bit 1—Timer Sync 1 (SYNCL1): Selects whether channel 1 operates independently or
synchronously.

Bit 1

SYNC1 Description

0 Channel 1’s timer counter (16 TCNT1) operates independently (Initial value)
16TCNT1 is preset and cleared independently of other channels

1 Channel 1 operates synchronously

16TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel 0 operates independently or
synchronously.

Bit 0

SYNCO Description

0 Channel 0’s timer counter (L6TCNTO) operates independently (Initial value)
16TCNTO is preset and cleared independently of other channels

1 Channel 0 operates synchronously

16TCNTO can be synchronously preset and cleared

9.23 Timer Mode Register (TMDR)

TMDR is an 8-hit readabl e/writable register that selects PWM mode for channels 0 to 2. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ — ‘ — ‘ PWM2 ‘ PWM1 ‘ PWMO
Initial value 1 0 0 1 1 0 0 0
Read/Write — R/W R/W — — R/W R/W R/W

PWM mode 2to 0

Reserved bit These bits select PWM
mode for channels 2 to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in TISRC

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit
TMDRisinitialized to H'98 by areset and in standby mode.
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Bit 7—Reserved: This bit cannot be modified and is alwaysread as 1.

Bit 6—Phase Counting Mode Flag (M DF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6

MDF Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode

When MDF is set to 1 to select phase counting mode, 16TCNT2 operates as an up/down-counter
and pins TCLKA and TCLKB become counter clock input pins. 16TCNT2 counts both rising and
falling edges of TCLKA and TCLKB, and counts up or down as follows.

Counting

Direction Down-Counting Up-Counting

TCLKA pin ES High R Low Low ES High R
TCLKB pin Low £ High RE 4 High RE Low

In phase counting mode, external clock edge selection by bits CKEG1 and CKEGO in 16TCR2
and counter clock selection by bits TPSC2 to TPSCO are invalid, and the above phase counting
mode operations take precedence.

The counter clearing condition selected by the CCLR1 and CCLRO bitsin 16TCR2 and the
compare match/input capture settings and interrupt functions of TIOR2, TISRA, TISRB, TISRC
remain effective in phase counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TISRC. The
FDIR designationisvalid in all modesin channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TISRC when 16 TCNT2 overflows or underflows (Initial value)
1 OVF is setto 1 in TISRC when 16 TCNT2 overflows

Bits 4 and 3—Reserved: These bits cannot be modified and are always read as 1.
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Bit 2—PWM Mode 2 (PWM 2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2

PWM2 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 at compare match with GRA2, and to 0 at compare match with GRB2.

Bit 1—PWM Mode 1 (PWM 1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1

PWM1 Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWM1 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 at compare match with GRA1, and to 0 at compare match with GRB1.

Bit 0—PWM Mode 0 (PWMOQ): Selects whether channel 0 operates normally or in PWM mode.

Bit 0

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 at compare match with GRAO, and to 0 at compare match with GRBO.
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9.24 Timer Interrupt Status Register A (TISRA)

TISRA isan 8-hit readable/writable register that indicates GRA compare match or input capture
and enables or disables GRA compare match and input capture interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |IMIEA2 | IMIEAL | IMIEAO| — | IMFA2 | IMFA1 | IMFAO |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — RI(W)*  R/(W)* R/(W)*

Input capture/compare match
flags A2 to AO

Status flags indicating GRA
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable A2 to A0
These bits enable or disable interrupts by the IMFA flags

Reserved bit

Note: * Only O can be written, to clear the flag.

TISRA isinitialized to H'88 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Input Capture/Compare Match Interrupt Enable A2 (IMIEAZ2): Enables or disables
the interrupt requested by the IMFA2 when IMFA2 flag is set to 1.

Bit 6

IMIEA2  Description

0 IMIA2 interrupt requested by IMFA2 flag is disabled (Initial value)
1 IMIA2 interrupt requested by IMFA2 flag is enabled
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Bit 5—Input Capture/Compare Match Interrupt Enable A1 (IMIEA1): Enables or disables
the interrupt requested by the IMFA1 flag when IMFAlisset to 1.

Bit 5

IMIEAL Description

0 IMIAL interrupt requested by IMFAL flag is disabled (Initial value)
1 IMIAL interrupt requested by IMFAL flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable AO (IMIEAQ): Enables or disables
the interrupt requested by the IMFAO flag when IMFAQ is set to 1.

Bit 4

IMIEAO  Description

0 IMIAOQ interrupt requested by IMFAO flag is disabled (Initial value)
1 IMIAO interrupt requested by IMFAO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is alwaysread as 1.

Bit 2—Input Capture/Compare Match Flag A2 (IMFAZ2): This status flag indicates GRA2
compare match or input capture events.

Bit 2

IMFA2 Description

0 [Clearing condition] (Initial value)
Read IMFA2 flag when IMFA2 =1, then write 0 in IMFA2 flag

1 [Setting conditions]

» 16TCNT2 = GRA2 when GRAZ2 functions as an output compare register

* 16TCNT2 value is transferred to GRA2 by an input capture signal when GRA2
functions as an input capture register
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Bit 1—Input Capture/Compare Match Flag Al (IMFA1): This status flag indicates GRA 1
compare match or input capture events.

Bit 1

IMFA1 Description

0 [Clearing condition] (Initial value)
Read IMFAL flag when IMFAL =1, then write 0 in IMFAL flag

1 [Setting conditions]

* 16TCNT1 = GRA1 when GRAL functions as an output compare register

» 16TCNT1 value is transferred to GRA1 by an input capture signal when GRA1
functions as an input capture register

Bit 0—Input Capture/Compare Match Flag A0 (IMFAQ): This status flag indicates GRAO
compare match or input capture events.

Bit 0

IMFAO Description

0 [Clearing condition] (Initial value)
Read IMFAQ flag when IMFAQ =1, then write 0 in IMFAQ flag

1 [Setting conditions]

* 16TCNTO = GRAO when GRAO functions as an output compare register

» 16TCNTO value is transferred to GRAO by an input capture signal when GRAO
functions as an input capture register
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9.25 Timer Interrupt Status Register B (TI1SRB)

TISRB is an 8-hit readable/writable register that indicates GRB compare match or input capture
and enables or disables GRB compare match and input capture interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |IMIEBZ |IMIEBl | IMIEBO| — | IMFB2 | IMFB1 | IMFBO |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/IW R/IW — R/I(W)*  RI(W)* R/(W)*

Input capture/compare match
flags B2 to BO

Status flags indicating GRB
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable B2 to BO
These bits enable or disable interrupts by the IMFB flags

Reserved bit

Note: * Only 0 can be written, to clear the flag.

TISRB isinitialized to H'88 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is alwaysread as 1.

Bit 6—Input Capture/Compare Match Interrupt Enable B2 (IMIEB2): Enables or disables
the interrupt requested by the IMFB2 when IMFB2 flag isset to 1.

Bit 6

IMIEB2  Description

0 IMIB2 interrupt requested by IMFB2 flag is disabled (Initial value)
1 IMIB2 interrupt requested by IMFB2 flag is enabled

Rev. 5.0, 09/04, page 326 of 978
RENESAS



Bit 5—Input Capture/Compare Match Interrupt Enable B1 (IMIEB1): Enables or disables
the interrupt requested by the IMFB1 when IMFBL1 flag is set to 1.

Bit 5

IMIEB1 Description

0 IMIB1 interrupt requested by IMFBL1 flag is disabled (Initial value)
1 IMIB1 interrupt requested by IMFBL1 flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable BO (IMIEBO): Enables or disables
the interrupt requested by the IMFBO when IMFBO flag isset to 1.

Bit 4

IMIEBO  Description

0 IMIBO interrupt requested by IMFBO flag is disabled (Initial value)
1 IMIBO interrupt requested by IMFBO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is alwaysread as 1.

Bit 2—Input Capture/Compare Match Flag B2 (IMFB2): This status flag indicates GRB2
compare match or input capture events.

Bit 2

IMFB2 Description

0 [Clearing condition] (Initial value)
Read IMFB2 flag when IMFB2 =1, then write 0 in IMFB2 flag

1 [Setting conditions]

 16TCNT2 = GRB2 when GRB2 functions as an output compare register

* 16TCNT2 value is transferred to GRB2 by an input capture signal when GRB2
functions as an input capture register
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Bit 1—Input Capture/Compare Match Flag B1 (IMFB1): This status flag indicates GRB1
compare match or input capture events.

Bit 1

IMFB1 Description

0 [Clearing condition] (Initial value)
Read IMFB1 flag when IMFB1 =1, then write 0 in IMFB1 flag

1 [Setting conditions]

* 16TCNT1 = GRB1 when GRB1 functions as an output compare register

» 16TCNT1 value is transferred to GRB1 by an input capture signal when GRB1
functions as an input capture register

Bit 0—Input Capture/Compare Match Flag BO (IMFBO): This status flag indicates GRBO
compare match or input capture events.

Bit 0

IMFBO Description

0 [Clearing condition] (Initial value)
Read IMFBO flag when IMFBO =1, then write 0 in IMFBO flag

1 [Setting conditions]

* 16TCNTO = GRBO when GRBO functions as an output compare register

» 16TCNTO value is transferred to GRBO by an input capture signal when GRBO
functions as an input capture register
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9.2.6 Timer Interrupt Status Register C (TISRC)

TISRC is an 8-hit readable/writable register that indicates 1L6TCNT overflow or underflow and
enables or disables overflow interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |OVIE2 | OVIEl1l | OVIEO | — | OVF2 | OVF1 | OVFO |

Initial value 1 0 0 0 1 0 0 0
Read/Write — R/IW R/W R/IW — R/I(W)*  RI(W)* R/(W)*

Overflow flags 2to 0
Status flags indicating
interrupts by OVF flags

Reserved bit

Overflow interrupt enable 2t0 0
These bits enable or disable interrupts by the OVF flags

Reserved bit

Note: * Only 0 can be written, to clear the flag.

TISRC isinitialized to H'88 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is alwaysread as 1.

Bit 6—Overflow Interrupt Enable 2 (OVIE2): Enables or disables the interrupt requested by
the OVF2 when OVF2 flag isset to 1.

Bit 6

OVIE2 Description

0 OVI2 interrupt requested by OVF2 flag is disabled (Initial value)
1 OVI2 interrupt requested by OVF2 flag is enabled

Bit 5—Overflow Interrupt Enable 1 (OVIEL): Enables or disables the interrupt requested by
the OVF1 when OVF1 flagissetto 1.

Bit 5

OVIE1l Description

0 OVI1 interrupt requested by OVF1 flag is disabled (Initial value)
1 OVI1 interrupt requested by OVF1 flag is enabled
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Bit 4—Overflow Interrupt Enable 0 (OVIEO): Enables or disables the interrupt requested by
the OVFO when OVFO flagisset to 1.

Bit 4

OVIEO Description

0 OVIO interrupt requested by OVFO flag is disabled (Initial value)
1 OVIO0 interrupt requested by OVFO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Overflow Flag 2 (OVF2): This status flag indicates 16 TCNT2 overflow.

Bit 2

OVF2 Description

0 [Clearing condition] (Initial value)
Read OVF2 flag when OVF2 =1, then write 0 in OVF2 flag

1 [Setting condition]

16TCNT2 overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF

Note: 16TCNT underflow occurs when 16 TCNT operates as an up/down-counter. Underflow
occurs only when channel 2 operates in phase counting mode (MDF = 1 in TMDR).

Bit 1—Overflow Flag 1 (OVF1): This status flag indicates 16 TCNT1 overflow.

Bit 1

OVF1 Description

0 [Clearing condition] (Initial value)
Read OVF1 flag when OVF1 =1, then write 0 in OVF1 flag

1 [Setting condition]

16TCNT1 overflowed from H'FFFF to H'0000

Bit 0—Overflow Flag 0 (OVFO0): This status flag indicates 16TCNTO overflow.

Bit 0

OVFO Description

0 [Clearing condition] (Initial value)
Read OVFO0 flag when OVFO =1, then write 0 in OVFO flag

1 [Setting condition]

16TCNTO overflowed from H'FFFF to H'0000
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9.2.7 Timer Counters (16TCNT)

16TCNT isa 16-bit counter. The 16-bit timer has three 16TCNTSs, one for each channel.

Channel Abbreviation Function

0 16TCNTO Up-counter

1 16TCNT1

2 16TCNT2 Phase counting mode: up/down-counter

Other modes: up-counter

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o o o o o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W

Each 16TCNT is a 16-hit readable/writable register that counts pulse inputs from a clock source.
The clock source is selected by bits TPSC2 to TPSCO in 16TCR.

16TCNTO and 16TCNT1 are up-counters. 16TCNT2 is an up/down-counter in phase counting
mode and an up-counter in other modes.

16TCNT can be cleared to H'0000 by compare match with GRA or GRB or by input capture to
GRA or GRB (counter clearing function).

When 16TCNT overflows (changes from H'FFFF to H'0000), the OVF flag is set to 1 in TISRC of
the corresponding channel.

When 16 TCNT underflows (changes from H'0000 to H'FFFF), the OVF flag isset to 1 in TISRC
of the corresponding channel.

The 16TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each 16TCNT isinitialized to H'0000 by areset and in standby mode.
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9.2.8

General Registers (GRA, GRB)

The general registers are 16-bit registers. The 16-hit timer has 6 general registers, two in each

channel.

Channel Abbreviation Function

0 GRAO, GRBO Output compare/input capture register

1 GRA1, GRB1

2 GRA2, GRB2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 117 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settingsin TIOR.

When a general register is used as an output compare register, its value is constantly compared
with the 16TCNT value. When the two values match (compare match), the IMFA or IMFB flag is
setto 1in TISRA/TISRB. Compare match output can be selected in TIOR.

When ageneral register is used as an input capture register, an external input capture signal are
detected and the current 16TCNT value is stored in the general register. The corresponding IMFA
or IMFB flagin TISRA/TISRB is set to 1 at the same time. The edges of the input capture signal
are selected in TIOR.

TIOR settings are ignored in PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are set as output compare registers (with no pin output) and initialized to H'FFFF
by areset and in standby mode.
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9.29 Timer Control Registers (16TCR)

16TCR isan 8-hit register. The 16-bit timer hasthree 16 TCRs, one in each channel.

Channel Abbreviation Function
0 16TCRO 16TCR controls the timer counter. The 16 TCRs in all
1 16TCR1 channels are functionally identical. When phase counting
mode is selected in channel 2, the settings of bits CKEG1
2 16TCR2 and CKEGO and TPSC2 to TPSCO in 16TCR2 are ignored.
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2to 0
These bits select the timer
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each 16TCR is an 8-hit readable/writable register that selects the timer counter clock source,
selects the edge or edges of external clock sources, and selects how the counter is cleared.

16TCRisinitialized to H'80 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is alwaysread as 1.
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Bits 6 and 5—Counter Clear 1 and 0 (CCLR1, CCLROQ): These bits select how 16TCNT is
cleared.

Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 16TCNT is not cleared (Initial value)
1 16TCNT is cleared by GRA compare match or input capture**

1 0 16TCNT is cleared by GRB compare match or input capture**
1 Synchronous clear: 16 TCNT is cleared in synchronization with other

synchronized timers*?

Notes: 1. 16TCNT is cleared by compare match when the general register functions as an output
compare register, and by input capture when the general register functions as an input
capture register.

2. Selected in TSNC.

Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO): These bits select external clock input
edges when an external clock sourceis used.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in 16TCR2 are ignored.
Phase counting takes precedence.

Bits2to O—Timer Prescaler 2to 0 (TPSC2 to TPSCO): These hits select the counter clock of
16TCNT.

Bit 2 Bit 1 Bit O
TPSC2 TPSC1 TPSCO Function

0 0 0 Internal clock: ¢@ (Initial value)
1 Internal clock: @2
1 0 Internal clock: @/4
1 Internal clock: @/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input
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When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer counts
the edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1in TMDR), the settings of bits TPSC2 to
TPSCO in 16TCR2 are ignored. Phase counting takes precedence.

9.210 Timer 1/O Control Register (TIOR)
TIOR is an 8-hit register. The 16-bit timer has three TIORs, one in each channel.

Channel Abbreviation Function

0 TIORO TIOR controls the general registers. Some functions differ in PWM
1 TIOR1 mode.
2 TIOR2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ 10BO ‘ — ‘ I0A2 ‘ I0A1 ‘ IOAO ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

1/0 control A2 to AO
These bits select GRA
functions

Reserved bit

I/0O control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-hit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIORA and TIORB pins. If the
output compare function is selected, TIOR also selects the type of output. If input captureis
selected, TIOR also selects the edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Rev. 5.0, 09/04, page 335 of 978
RENESAS



Bits6to 4—I/O Control B2to BO (1I0B2 to 10B0): These bits select the GRB function.

Bit 6 Bit 5 Bit 4
I0B2 I0B1 I0BO Function
0 0 0 GRB is an output  No output at compare match (Initial value)
1 compare register g ooyt at GRB compare match**
1 0 1 output at GRB compare match**
1 Output toggles at GRB compare match
(1 output in channel 2)***?
1 0 0 GRB is an input GRB captures rising edge of input
1 compare register  Gpg captures falling edge of input
1 0 GRB captures both edges of input
1
Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

Channel 2 output cannot be toggled by compare match. When this setting is made, 1
output is selected automatically.

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bits2to 0—I/O Control A2to A0 (I0OA2to 10A0): These hits select the GRA function.

Bit 2 Bit 1 Bit 0
I0A2 I0A1 IOAO0 Function
0 0 0 GRA is an output  No output at compare match (Initial value)
1 compare register g o1yt at GRA compare match*’
1 0 1 output at GRA compare match**
1 Output toggles at GRA compare match
(1 output in channel 2)***?
1 0 0 GRA is an input GRA captures rising edge of input
1 compare register  gpa captures falling edge of input
1 0 GRA captures both edges of input
1

Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

2. Channel 2 output cannot be toggled by compare match. When this setting is made, 1
output is selected automatically.
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9.211 Timer Output Level Setting Register C (TOLR)

TOLR isan 8-hit write-only register that selects the timer output level for channels 0 to 2.

Bit 7 6 5 4 3 2 1 0
| — | — | TOB2 | TOA2 |TOBl | TOAl | TOBO | TOAO |

Initial value 1 1 0 0 0 0 0 0
Read/Write — — w W W w W w

Output level setting A2 to A0, B2 to BO
These bits set the levels of the timer outputs
(TIOCA, to TIOCA, and TIOCB, to TIOCBg)

Reserved bits

A TOLR setting can only be made when the corresponding bit in TSTRisO.

TOLR isawrite-only register, and cannot be read. If it isread, al bitswill return avalue of 1.
TOLR isinitialized to H'CO by areset and in standby mode.

Bits 7 and 6—Reserved: These bits cannot be modified.

Bit 5—Output Level Setting B2 (TOB?2): Setsthe value of timer output TIOCB,,.

Bit 5

TOB2 Description

0 TIOCB, is 0 (Initial value)
1 TIOCB, is 1

Bit 4—Output Level Setting A2 (TOA?2): Setsthe value of timer output TIOCA.,.

Bit 4

TOA2 Description

0 TIOCA, is 0 (Initial value)
1 TIOCA,is 1
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Bit 3—Output Level Setting B1 (TOB1): Setsthe value of timer output TIOCB,.

Bit 3

TOB1 Description

0 TIOCB, is 0 (Initial value)
1 TIOCB, is 1

Bit 2—Output Level Setting A1 (TOAL): Setsthe value of timer output TIOCA,.

Bit 2

TOA1 Description

0 TIOCA, is 0 (Initial value)
1 TIOCA, is 1

Bit 1—Output Level Setting BO (TOBO): Setsthe value of timer output TIOCB,,.

Bit 0

TOBO Description

0 TIOCB, is 0 (Initial value)
1 TIOCB, is 1

Bit 0—Output Level Setting A0 (TOAOQ): Setsthe value of timer output TIOCA,.

Bit 0

TOAO Description

0 TIOCA, is O (Initial value)
1 TIOCA,is 1
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9.3 CPU Interface

931 16-Bit Accessible Registers

The timer counters (16TCNTS), general registers A and B (GRAs and GRBs) are 16-hit registers,
and are linked to the CPU by aninternal 16-bit data bus. These registers can be written or read a
word at atime, or abyte at atime.

Figures 9.4 and 9.5 show examples of word read/write access to atimer counter (16TCNT).
Figures 9.6 to 9.9 show examples of byte read/write accessto 16TCNTH and 16TCNTL.

On-chip data bus

H H

<)

CPU L Bus interface

<)

Module

>
> data bus

L

H A

v _ v

16TCNTH | 16TCNTL

Figure9.4 16TCNT Access Operation [CPU Writesto 16TCNT, Word]

On-chip data bus

<:> 4} L > Module

CPU L Bus interface > data bus

<)
| 16TCNTH | 16TCNTL |

A A

Figure9.5 Accessto Timer Counter (CPU Reads 16TCNT, Word)
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On-chip data bus

H H

<)

CPU L Bus interface

<

L data bus

VANV N

> Module
>

v

16TCNTH | 16TCNTL

Figure9.6 Accessto Timer Counter H (CPU Writesto 16TCNTH, Upper Byte)

On-chip data bus

H H

<)

CPU L Bus interface

<

L

data bus

Y VAN

> Module
>

VAR

16TCNTH | 16TCNTL

Figure9.7 Accessto Timer Counter L (CPU Writesto 16TCNTL, Lower Byte)

On-chip data bus

<:> 4} L > Module

CPU L Bus interface > data bus

<>
| 16TCNTH | 16TCNTL |

VANV N

Figure9.8 Accessto Timer Counter H (CPU Reads 16TCNTH, Upper Byte)
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On-chip data bus

H H

<:> {} L > Module

CPU L Bus interface > data bus

<>
| 16TCNTH | 16TCNTL |

Y VAN

Figure9.9 Accessto Timer Counter L (CPU Reads 16TCNTL, Lower Byte)

9.3.2 8-Bit Accessible Registers

The registers other than the timer counters and general registers are 8-bit registers. These registers
are linked to the CPU by an internal 8-bit data bus.

Figures 9.10 and 9.11 show examples of byte read and write accessto a 16TCR.

If aword-size data transfer instruction is executed, two byte transfers are performed.

On-chip data bus

H H

<

Module
data bus

VANV N
N4

<

CPU L Bus interface
Figure9.10 16TCR Access(CPU Writesto 16TCR)

On-chip data bus

H H

— = :

CPU L Bus interface
16TCR

Module
data bus

VANV N
N4

Figure9.11 16TCR Access (CPU Reads 16TCR)
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9.4 Operation

94.1 Overview
A summary of operationsin the various modes is given below.

Normal Operation: Each channel has atimer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
GRA and GRB can be used for input capture or output compare.

Synchronous Operation: The timer counters in designated channels are preset synchronoudly.
Data written to the timer counter in any one of these channels is simultaneously written to the
timer countersin the other channels as well. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO bitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Phase Counting Mode: The phase relationship between two clock signalsinput at TCLKA and
TCLKB isdetected and 16TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and 16 TCNT2 operates as an up/down-
counter.

9.4.2 Basic Functions

Counter Operation: When one of bits STRO to STR2 is set to 1 in the timer start register
(TSTR), the timer counter (L6TCNT) in the corresponding channel starts counting. The counting
can be free-running or periodic.

e Sample setup procedure for counter
Figure 9.12 shows a sample procedure for setting up a counter.
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( Counter setup )

Select counter clock [1]

No

Count operation

Yes

( Periodic counting )

Select counter clear source | [2]

Select output compare

register function [3]
Set period [4]
Start counter [5]

Periodic counter

Start counter

Free-running counter

5]

Figure9.12 Counter Setup Procedure (Example)

. Set bits TPSC2 to TPSCO in 16TCR to select the counter clock source. If an external clock

source is selected, set bits CKEG1 and CKEGO in 16TCR to select the desired edge(s) of the

external clock signal.

. For periodic counting, set CCLR1 and CCLRO in 16TCR to have 16 TCNT cleared at GRA

compare match or GRB compare match.

. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in

step 2.

. Write the count period in GRA or GRB, whichever was selected in step 2.

. Setthe STR bitto 1 in TSTR to start the timer counter.
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Free-running and periodic counter operation

A reset leaves the counters (L6TCNTS) in 16-bit timer channels 0 to 2 all set as free-running
counters. A free-running counter starts counting up when the corresponding bitin TSTR is set
to 1. When the count overflows from H'FFFF to H'0000, the OVF flag isset to 1 in TISRC.
After the overflow, the counter continues counting up from H'0000. Figure 9.13 illustrates
free-running counting.

16TCNT value

HEFFF b ‘ 7777777777777777777777 ‘ 77777777777

H'0000 ‘ ‘ ‘ >  Time

STRO to ; ;
STR2 bit | |
OVF ;

Figure9.13 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel 16TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit
CCLR1 or CCLROin 16TCR to have the counter cleared by compare match, and set the count
period in GRA or GRB. After these settings, the counter starts counting up as a periodic
counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or
GRB, the IMFA or IMFB flag isset to 1 in TISRA/TISRB and the counter is cleared to
H'0000. If the corresponding IMIEA or IMIEB bitissetto 1in TISRA/TISRB, a CPU
interrupt is requested at thistime. After the compare match, 16TCNT continues counting up
from H'0000. Figure 9.14 illustrates periodic counting.

16TCNT value Counter cleared by general

/ register compare match
GR

H'0000 ‘ ‘ ‘ = Time
STR bit | |
IMF

Figure9.14 Periodic Counter Operation
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e 16TCNT count timing
O Internal clock source
Bits TPSC2 to TPSCO in 16 TCR select the system clock (¢q) or one of three internal clock

sources obtained by prescaling the system clock (@¢/2, @/4, ¢/8).
Figure 9.15 shows the timing.

: InEpEEEREEEEEnEnEE

((
Internal )7
ClOCk ‘I \ SS | | \
16TCNT input:,—‘ (’—‘—
clock

(
J
§
S X N+1

16TCNT N-1 ><

Figure9.15 Count Timingfor Internal Clock Sources

0 Externa clock source
The external clock pin (TCLKA to TCLKD) can be selected by bits TPSC2 to TPSCO in
16TCR, and the detected edge by bits CKEG1 and CKEGO. The rising edge, falling edge,
or both edges can be selected.
The pulse width of the external clock signal must be at least 1.5 system clocks when a
single edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter
pulses will not be counted correctly.

Figure 9.16 shows the timing when both edges are detected.

0 T L L LT LT
e ; '2 ’ L
b B N ]
S—
16TCNT N-1 X N X N+1
S—

Figure9.16 Count Timing for External Clock Sources (when Both Edges are Detected)
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Waveform Output by Compare Match: In 16-bit timer channels 0, 1 compare match A or B can
cause the output at the TIOCA or TIOCB pinto go to 0, go to 1, or toggle. In channel 2 the output
canonlygotoOorgoto 1.

» Sample setup procedure for waveform output by compare match
Figure 9.17 shows an example of the setup procedure for waveform output by compare match.

( Output setup > [1] Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/

output function to the output compare function
Select waveform 1] (TIOCA or TIOCB). An output compare pin outputs
output mode the value set in TOLR until the first compare match
occurs.
Set output timing [2] [2] Setavalue in GRA or GRB to designate the
compare match timing.
Start counter [3] [3] Setthe STR bitin TSTR to 1 to make 16TCNT
start counting.

l

Waveform output

Figure9.17 Setup Procedurefor Waveform Output by Compare Match (Example)
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Examples of waveform output

Figure 9.18 shows examples of 0 and 1 output. 16TCNT operates as a free-running counter, 0
output is selected for compare match A, and 1 output is selected for compare match B. When
the pin is already at the selected output level, the pin level does not change.

16TCNT value
|

e s s
GRB ool

GRA |- e

H'0000 ; | ‘ ‘ ‘ ~ Time

TIOCB | ' No change

No change 1 output

TIOCA o No change i No change 0 output

Figure9.18 0and 1 Output (TOA=1,TOB=0)

Figure 9.19 shows examples of toggle output. 16TCNT operates as a periodic counter, cleared
by compare match B. Toggle output is selected for both compare match A and B.

16TCNT value .
‘ Counter cleared by compare match with GRB
GRB [~ / ******************************************
GRA [ e e o
H0000 ‘ | - Time
TIOCB 3 1 ! Toggle
; | ! ‘ output
TIOCA | Toggle
‘ L output

Figure9.19 Toggle Output (TOA =1, TOB=0)
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» Output compare output timing
The compare match signal is generated in the last state in which 16TCNT and the general
register match (when 16TCNT changes from the matching value to the next value). When the
compare match signal is generated, the output value selected in TIOR is output at the output
compare pin (TIOCA or TIOCB). When 16TCNT matches a general register, the compare
match signal is not generated until the next counter clock pulse.
Figure 9.20 shows the output compare timing.

0 A e T T A e B
16TCNT i I—I
clock et

16TCNT N X N+ 1
GR N

Compare |—|

match signal

TIOCA, X

TIOCB

Figure9.20 Output Compare Output Timing

Input Capture Function: The 16TCNT value can be transferred to a general register when an
input edge is detected at an input capture input/output compare pin (TIOCA or TIOCB). Rising-
edge, falling-edge, or both-edge detection can be selected. The input capture function can be used
to measure pulse width or period.
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» Sample setup procedure for input capture
Figure 9.21 shows a sample procedure for setting up input capture.

( Input selection ) [1] SetTIOR to select the input capture function of a
general register and the rising edge, falling edge,

‘ or both edges of the input capture signal. Clear the
DDR bit to 0 before making these TIOR settings.

Select input-capture input [1]

Start counter [2] [2] Setthe STR bitin TSTR to 1 to make 16 TCNT
start counting.

Input capture

Figure9.21 Setup Procedurefor Input Capture (Example)

e Examples of input capture

Figure 9.22 illustrates input capture when the falling edge of TIOCB and both edges of
TIOCA are selected as capture edges. 16TCNT is cleared by input capture into GRB.

16TCNT value

H'0005
H'0000

TIOCB

TIOCA

GRA

ere X >< H'0180

Figure9.22 Input Capture (Example)
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* Input capture signal timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin
TIOR. Figure 9.23 shows the timing when the rising edge is selected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocks for capture of both edges.

0 | L

Input-capture input

Input capture signal

16TCNT N

GRA, GRB >< N

Figure9.23 Input Capture Signal Timing

9.4.3 Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate 16 TCR settings, two
or more timer counters can also be cleared simultaneously (synchronous clear). Synchronization
enables additional general registers to be associated with a single time base. Synchronization can
be selected for all channels (0 to 2).

Sample Setup Procedurefor Synchronization:; Figure 9.24 shows a sample procedure for
setting up synchronization.
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<Setup for synchronization>

| Select synchronization | 1]

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
) channel?
| Write to 16TCNT | [2]
Yes
| Select counter clear source |[3] | Select counter clear source | [4]
| Start counter |[5] | Start counter | [5]
Synchronous preset Counter clear Synchronous clear

[1] Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

[2] When a value is written in L6TCNT in one of the synchronized channels, the same value is
simultaneously written in 16TCNT in the other channels.

[3] Setthe CCLR1 or CCLRO bitin 16 TCR to have the counter cleared by compare match or input capture.
[4] Setthe CCLR1 and CCLRO bits in 16TCR to have the counter cleared synchronously.
[5] Setthe STR bits in TSTR to 1 to start the synchronized counters.

Figure9.24 Setup Procedurefor Synchronization (Example)

Example of Synchronization: Figure 9.25 shows an example of synchronization. Channels0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing
by compare match with GRBO. Channels 1 and 2 are set for synchronous counter clearing. The
timer countersin channels 0, 1, and 2 are synchronously preset, and are synchronously cleared by
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCA,, TIOCA ,
and TIOCA.,. For further information on PWM mode, see section 9.4.4, PWM Mode.
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Value of 16 TCNTO
to 16TCNT2

|

Cleared by compare match with GRBO

GRBO
GRB1

GRAO

GRB2

GRA1

GRA2

H'0000

TIOCAq

TIOCA;

TIOCA,

Figure9.25 Synchronization (Example)

94.4 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changesto 1. GRB specifies the time at which
the PWM output changesto 0. If either GRA or GRB compare match is selected as the counter
clear source, aPWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin.
PWM mode can be selected in all channels (0 to 2).

Table 9.4 summarizes the PWM output pins and corresponding registers. If the same value is set
in GRA and GRB, the output does not change when compare match occurs.

Table9.4 PWM Output Pinsand Registers

Channel Qutput Pin 1 Output 0 Output
0 TIOCA, GRAO GRBO
1 TIOCA, GRA1 GRB1
2 TIOCA, GRA2 GRB2
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Sample Setup Procedure for PWM Mode: Figure 9.26 shows a sample procedure for setting up
PWM mode.

C PWM mode ) [1] Set bits TPSC2 to TPSCO in 16TCR to
select the counter clock source. If an
‘ external clock source is selected, set
bits CKEG1 and CKEGO in 16TCR to
Select counter clock [1] select the desired edge(s) of the

| external clock signal.
[2] Set bits CCLR1 and CCLRO in 16TCR
Select counter clear source 2] to select the counter clear source.

| [3] Set the time at which the PWM
waveform should go to 1 in GRA.

Set GRA [8]  [4] Set the time at which the PWM

‘ waveform should go to 0 in GRB.

[5] Setthe PWM bit in TMDR to select

Set GRB [4] PWM mode. When PWM mode is
selected, regardless of the TIOR
\ contents, GRA and GRB become
output compare registers specifying
Select PWM mode [5] the times at which the PWM output
goes to 1 and 0. The TIOCA pin

‘ automatically becomes the PWM
output pin. The TIOCB pin conforms

Start counter (6] to the settings of bits IOB1 and I0BO
in TIOR. If TIOCB output is not
i desired, clear both IOB1 and I0BO to O.
PWM mode [6] Setthe STR bitto 1in TSTR to start

the timer counter.

Figure9.26 Setup Procedurefor PWM Mode (Example)
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Examples of PWM Mode: Figure 9.27 shows examples of operation in PWM mode. In PWM
mode TIOCA becomes an output pin. The output goesto 1 at compare match with GRA, and to 0
at compare match with GRB.

In the examples shown, 16TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

16TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match A

Time

a. Counter cleared by GRA (TOA =1)

16TCNT value

GRB

GRA

H'0000

TIOCA

/ Counter cleared by compare match B

Time

b. Counter cleared by GRB (TOA = 0)

Figure9.27 PWM Mode (Example 1)
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Figure 9.28 shows examples of the output of PWM waveforms with duty cycles of 0% and 100%.
If the counter is cleared by compare match with GRB, and GRA is set to a higher value than GRB,
the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB isset to a

higher value than GRA, the duty cycle is 100%.

16TCNT value Counter cleared by compare match B
GRB ,,,,,,,,,,,,,,,,,,,, Z ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
GRA [ (= ‘
H'0000 ‘ ‘ ‘ e Time
TIOCA L B

Write to GRA Write to GRA
a. 0% duty cycle (TOA=0)

16TCNT value Counter cleared by compare match A
GRA [ o s e B
GRB [ RN |
H'0000 ‘ ‘ : “- Time
TIOCA |

|

Write to GRB

|

Write to GRB

b. 100% duty cycle (TOA=1)

Figure9.28 PWM Mode (Example 2)
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945 Phase Counting Mode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and 16 TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and 16TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO, CKEG1, and CKEGO in 16TCR2. Settings of bits CCLR1, CCLRO in 16TCR2, and
settingsin TIOR2, TISRA, TISRB, TISRC, setting of STR2 bit in TSTR, GRA2, and GRB2 are
valid. The input capture and output compare functions can be used, and interrupts can be
generated.

Phase counting is available only in channel 2.

Sample Setup Procedure for Phase Counting Mode: Figure 9.29 shows a sample procedure for
setting up phase counting mode.

( Phase counting mode >

Select phase counting mode [1] [1] Setthe MDF bit in TMDR to 1 to select
phase counting mode.

[2] Select the flag setting condition with
the FDIR bit in TMDR.

Select flag setting condition (2] [3] Setthe STR2 bitto 1 in TSTR to start
the timer counter.

Start counter [3]

i

Phase counting mode

Figure9.29 Setup Procedurefor Phase Counting Mode (Example)
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Example of Phase Counting Mode: Figure 9.30 shows an example of operationsin phase
counting mode. Table 9.5 lists the up-counting and down-counting conditions for 16 TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted.
The phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap
must also be at least 1.5 states, and the pulse width must be at least 2.5 states.

16TCNT2 value

Countinyv wg down

Tclke 4 1 4 1 } 1 1 1 f
TCLKA i 1 i t } 1 1 .

Figure9.30 Operation in Phase Counting M ode (Example)

Table9.5 Up/Down Counting Conditions

Counting

Direction Up-Counting Down-Counting

TCLKB pin 4 High 1 Low High 1 Low 4
TCLKA pin Low By High RE R Low By High

Phase Phase
difference difference ~ Pulse width Pulse width
-~ e~ M—»: :<—>/‘

TCLKA : : : :

! -~ -~
Overlap Overlap

Phase difference and overlap: at least 1.5 states
Pulse width: at least 2.5 states

Figure9.31 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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9.4.6 16-Bit Timer Output Timing

Theinitial value of 16-bit timer output when atimer count operation begins can be specified
arbitrarily by making a setting in TOLR.

Figure 9.32 shows the timing for setting the initial value with TOLR.

Only write to TOLR when the corresponding bit in TSTRis cleared to 0.

T T Ts

o] L
Address bus >< TOLR address X
TOLR >< N

ITU output pin >< N

Figure9.32 Timing for Setting 16-Bit Timer Output Level by Writingto TOLR
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9.5 Interrupts

The 16-bit timer has two types of interrupts: input capture/compare match interrupts, and
overflow interrupts.

95.1 Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB aresetto 1 by a
compare match signal generated when 16TCNT matches a general register (GR). The compare
match signal is generated in the last state in which the values match (when 16 TCNT is updated
from the matching count to the next count). Therefore, when 16TCNT matches a general register,
the compare match signal is not generated until the next 16TCNT clock input. Figure 9.33 shows
the timing of the setting of IMFA and IMFB.

; i L

16TCNT input
clock

16TCNT N X N+1

GR N

Compare
match signal

IMF

IMI

Figure9.33 Timing of Setting of IMFA and IMFB by Compare Match
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an
input capture signal. The 16TCNT contents are simultaneously transferred to the corresponding
general register. Figure 9.34 shows the timing.

o]

Input capture

signal

IMF

16TCNT N

GR >< N
IMI

Figure9.34 Timing of Setting of IMFA and IMFB by Input Capture
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Timing of Setting of Overflow Flag (OVF): OVFissetto 1 when 16TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 9.35 shows the timing.

o

16TCNT ><

Overflow
signal

OVF

ovi

Figure9.35 Timing of Setting of OVF

9.5.2 Timing of Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the statusflag is
cleared. Figure 9.36 shows the timing.

TISR write cycle
Ty T2 T3

e

o
Address >< TISR address ><

IMF, OVF

Figure9.36 Timing of Clearing of Status Flags
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9.5.3 Interrupt Sources

Each 16-bit timer channel can generate a compare match/input capture A interrupt, a compare
match/input capture B interrupt, and an overflow interrupt. In total there are nine interrupt sources
of three kinds, all independently vectored. An interrupt is requested when the interrupt request
flag are set to 1.

The priority order of the channels can be modified in interrupt priority registers A (IPRA). For
details see section 5, Interrupt Controller.

Table 9.6 lists the interrupt sources.

Table9.6  16-bit timer Interrupt Sources

Interrupt
Channel Source Description Priority*
0 IMIAO Compare match/input capture AO High
IMIBO Compare match/input capture BO
ovIo Overflow 0
1 IMIAL Compare match/input capture A1
IMIB1 Compare match/input capture B1
ovii Overflow 1
2 IMIA2 Compare match/input capture A2
IMIB2 Compare match/input capture B2
oVI2 Overflow 2 Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed
by settings in IPRA.
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9.6 Usage Notes

This section describes contention and other matters requiring special attention during 16-bit timer

operations.

Contention between 16TCNT Writeand Clear: If a counter clear signal occursin the T, state of
a16TCNT write cycle, clearing of the counter takes priority and the write is not performed. See

figure 9.37.

Address bus

Internal write signal

Counter clear signal

16TCNT

16TCNT write cycle

Ty T,

T3

|

X 16TCNT address ><

N

>< H'0000

Figure9.37 Contention between 16TCNT Write and Clear
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Contention between 16TCNT Word Writeand Increment: If an increment pulse occursin the
T, state of a16TCNT word write cycle, writing takes priority and 16TCNT is not incremented.
Figure 9.38 shows the timing in this case.

16TCNT word write cycle
T T, T3

0 N
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

16TCNT N >< P M

16TCNT write data

Figure9.38 Contention between 16TCNT Word Write and Increment
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Contention between 16TCNT Byte Write and Increment: If an increment pulse occursinthe T,
or T, state of a16TCNT byte write cycle, writing takes priority and 16TCNT is not incremented.
The byte data for which awrite was not performed is not incremented, and retains its pre-write
value. See figure 9.39, which shows an increment pulse occurring in the T, state of a byte write to
16TCNTH.

16TCNTH byte write cycle

Ty T, T3
-l >l -

=
Address bus X 16TCNTH address ><

Internal write signal

16TCNT input clock

N >< M
16TCNTH P
16 TCNT write data

16TCNTL X >< X+1 >< X

Figure9.39 Contention between 16TCNT Byte Write and I ncrement
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Contention between General Register Write and Compare Match: If acompare match occurs
in the T, state of a general register write cycle, writing takes priority and the compare match signal
isinhibited. See figure 9.40.

General register write cycle

Ty T, T3
>l -l -

=
Address bus X GR address ><

Internal write signal

16TCNT N >< N+ 1

GR N >< /M

General register write data

Compare match signal i |- Inhibited

Figure9.40 Contention between General Register Write and Compare Match
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Contention between 16TCNT Write and Overflow or Underflow: If an overflow occursin the
T, state of a16TCNT write cycle, writing takes priority and the counter is not incremented. OVF
isset to 1. The same holds for underflow. See figure 9.41.

16TCNT write cycle

Ty T, T3
-l >l -

|
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

Overflow signal

16TCNT H'FFFF >< ‘ M

16TCNT write data

OVF

Figure9.41 Contention between 16TCNT Write and Overflow
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Contention between General Register Read and Input Capture: If an input capture signal
occurs during the T, state of ageneral register read cycle, the value before input capture is read.
Seefigure 9.42.

General register read cycle

Ty T, T3
>l >l >

|-
Address bus X GR address ><

Internal read signal

Input capture signal

GR X >< M

Internal data bus 4< X >7

Figure9.42 Contention between General Register Read and Input Capture
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Contention between Counter Clearing by Input Capture and Counter Increment: If an input
capture signal and counter increment signal occur simultaneoudly, the counter is cleared according
to the input capture signal. The counter is not incremented by the increment signal. The value
before the counter is cleared is transferred to the general register. See figure 9.43.

w a

Input capture signal

Counter clear signal

16TCNT input clock

16TCNT N >< H'0000

GR >< N

Figure9.43 Contention between Counter Clearing by Input Capture and Counter
I ncrement
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Contention between General Register Write and Input Capture: If an input capture signal
occursin the T, state of ageneral register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 9.44.

General register write cycle

Ty T, T3
-l >l -

[
Address bus X GR address ><

Internal write signal

Input capture signal

16TCNT M

GR >< \M

Figure9.44 Contention between General Register Writeand I nput Capture
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Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the 16TCNT value matches the general register value, at thetime
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

f=r?
(N+1)
(f: counter frequency. @: system clock frequency. N: value set in general register.)

Note on Writesin Synchronized Operation: When channels are synchronized, if a16TCNT
valueis modified by byte write access, all 16 bits of all synchronized counters assume the same
value as the counter that was addressed.

(Example) When channels 1 and 2 are synchronized

» Byte write to channel 1 or byte write to channel 2

Write A to upper byte

wetenTL| w | x| cofchamnell 16TCNTL | A | x|
6TCNT2 | Y |z | 16TCNT2 | A | x|
Upper byte Lower byte Wiite A to lower byte Upper byte Lower byte

of channel 2
— . weTeNTi| Y | A |
6TCNT2 | v | A |

Upper byte Lower byte

* Word write to channel 1 or word write to channel 2

16TeNTL | W | x| 16TcNTL| A | B |

16TcNT2| v | z | WiteABwordto  1gTcNT2| A | B |
channel 1 or 2

Upper byte Lower byte Upper byte Lower byte
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16-bit timer Operating Modes

Table 9.7 (a)16-bit timer Operating M odes (Channel 0)

Register Settings

TSNC TMDR TIORO 16TCRO
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset SYNCO=1 — — 0] @) @) @) e}
PWM mode (@] — — PWMO=1 — o* (@] ©)
Output compare A 0] — —_ PWMO=0 I0A2=0 @) @) O
Other bits
unrestricted
Output compare B @) — — ¢ @) I0B2=0 O O
Other bits
unrestricted
Input capture A @) — —_ PWMO=0 I0A2=1 @) @) O
Other bits
unrestricted
Input capture B @) — — PWMO=0 O I0B2=1 @) O
Other bits
unrestricted
Counter By compare O — — @) @) @) CCLR1=0 O
clearing match/input CCLRO=1
capture A
By compare O — —_ O O O CCLR1=1 O
match/input CCLRO=0
capture B
Syn- SYNCO=1 — — O O (@] CCLR1=1 ©O
chronous CCLRO=1
clear

[Legend] O : Setting available (valid).

— : Setting does not affect this mode.

Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur
simultaneously, the compare match signal is inhibited.
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Table 9.7 (b) 16-bit timer Operating Modes (Channel 1)

Register Settings

TSNC TMDR TIOR1 16TCR1
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset  SYNCl1=1 — — ¢ ¢ o) @) o)
PWM mode o — —  PWM1=1 — o* o o
Output compare A @) — — PWM1=0 I0A2=0 @) O @)
Other bits
unrestricted
Output compare B o — — ©) ©) I0B2=0 O )
Other bits
unrestricted
Input capture A ¢ — — PWM1=0 IOA2=1 @) O @)
Other bits
unrestricted
Input capture B o — — PWM1=0 O I0B2=1 © o}
Other bits
unrestricted
Counter By compare O — — O e} @) CCLR1=0 ©
clearing match/input CCLRO=1
capture A
By compare O — — O e} @) CCLR1=1 O
match/input CCLRO=0
capture B
Syn- SYNC1=1 — — o o 0 CCLR1=1 O
chronous CCLRO=1
clear

[Legend] O : Setting available (valid).
— : Setting does not affect this mode.

Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B
occur simultaneously, the compare match signal is inhibited.
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Table 9.7 (c) 16-bit timer Operating Modes (Channel 2)

Register Settings

TSNC TMDR TIOR2 16TCR2
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset SYNC2=1 O — 0] 0] 0] @) O
PWM mode o @) — PWM2=1 — o* ¢) @)
Output compare A @) — PWM2 =0 10A2=0 @) @) e}
Other bits
unrestricted
Output compare B @) O — ¢ ¢ I0B2 =0 @) O
Other bits
unrestricted
Input capture A 0] O — PWM2=0 I0A2=1 0] @) O
Other bits
unrestricted
Input capture B ¢) O — PWM2=0 O I0B2=1 ¢) O
Other bits
unrestricted
Counter By compare O O — 0] @) @) CCLR1=0 O
clearing match/input CCLRO=1
capture A
By compare O O — O O O CCLR1=1 O
match/input CCLRO=0
capture B
Syn- SYNC2=1 O — o o o CCLR1=1 ©
chronous CCLRO =1
clear
Phase counting o MDF=1 O o) o) o) ) —

mode

[Legend] O : Setting available (valid).
— : Setting does not affect this mode.

Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur
simultaneously, the compare match signal is inhibited.
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Section 10 8-Bit Timers

10.1 Overview

The H8/3069R has a built-in 8-bit timer module with four channels (TMRO, TMR1, TMR2, and
TMR3), based on 8-bit counters. Each channel has an 8-bit timer counter (8TCNT) and two 8-bit
time constant registers (TCORA and TCORB) that are constantly compared with the STCNT
value to detect compare match events. The timers can be used as multifunctional timersin a
variety of applications, including the generation of a rectangular-wave output with an arbitrary
duty cycle.

10.1.1 Features
The features of the 8-bit timer module are listed below.

» Selection of four clock sources

The counters can be driven by one of three internal clock signals (¢/8, ¢/64, or ¢/8192) or an
external clock input (enabling use as an external event counter).

» Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or input capture B.
» Timer output controlled by two compare match signals

The timer output signal in each channel is controlled by two independent compare match
signals, enabling the timer to generate output waveforms with an arbitrary duty cycle or PWM
output.

» A/D converter can be activated by a compare match
» Two channels can be cascaded

0 Channels0 and 1 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).

0 Channels 2 and 3 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).

0 Channel 1 can count channel 0 compare match events (compare match count mode).

O Channel 3 can count channel 2 compare match events (compare match count mode).
* Input capture function can be set

8-hit or 16-bit input capture operation is available.
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e Twelveinterrupt sources

There are twelve interrupt sources: four compare match sources, four compare match/input
capture sources, four overflow sources.

Two of the compare match sources and two of the combined compare match/input capture
sources each have an independent interrupt vector. The remaining compare match interrupts,
combined compare match/input capture interrupts, and overflow interrupts have one interrupt
vector for two sources.
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10.1.2  Block Diagram

The 8-bit timers are divided into two groups of two channels each: group 0 comprising channels 0
and 1, and group 1 comprising channels 2 and 3. Figure 10.1 shows a block diagram of 8-bit

timer group O.

External clock
sources

Internal clock
sources

TCLKA
TCLKC

o8
—— @64
8192

Clock 1

Clock 0

Clock select

| TCORAO H:( TCORAL |<_

Compare match A1

TMO, =—
TMIO; ~—

Compare match AO | Comparator AO I::| Comparator Al |

Overflow 1

Ve

rd g
Overflow 0 8TCNTO I:' 8TCNT1 |<

Internal bus

Compare match B1

Compare match BO| comparator BO I:' Comparator B1 |

Input capture B1
| | N

B = e—
| stcsro [ sTCsR1 K
| scro [ s8R K 9

Control logic

[Legend]

|—> CMIAO

— CMIBO
—— CMIA1/CMIB1
— OVIO/OVI1
Interrupt signals

TCORA: Time constant register A
TCORB: Time constant register B
8TCNT: Timer counter

8TCSR: Timer control/status register
8TCR:  Timer control register

Figure10.1 Block Diagram of 8-Bit Timer Unit (Two Channels: Group 0)
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10.1.3  Pin Configuration

Table 10.1 summarizes the input/output pins of the 8-bit timer module.

Table10.1 8-Bit Timer Pins

Group Channel Name

Abbreviation 1/O

Function

0 0 Timer output TMO, Output Compare match output
Timer clock input  TCLKC Input  Counter external clock input
1 Timer input/output TMIO, I/0 Compare match output/input
capture input
Timer clock input  TCLKA Input  Counter external clock input
1 2 Timer output TMO, Output Compare match output
Timer clock input  TCLKD Input  Counter external clock input
3 Timer input/output  TMIO, I/0 Compare match output/input
capture input
Timer clock input  TCLKB Input  Counter external clock input
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10.1.4 Register Configuration
Table 10.2 summarizes the registers of the 8-bit timer module.

Table10.2 8-Bit Timer Registers

Channel Address** Name Abbreviation R/W Initial value
0 H'FFF80 Timer control register 0 8TCRO R/W H'00
H'FFF82 Timer control/status register 0 8TCSRO R/I(W)** H'00
H'FFF84 Time constant register AO TCORAO R/W H'FF
H'FFF86 Time constant register BO TCORBO R/W H'FF
H'FFF88 Timer counter 0 8TCNTO R/W H'00
1 H'FFF81 Timer control register 1 8TCR1 R/W H'00
H'FFF83 Timer control/status register 1 8TCSR1 R/(W)*? H'00
H'FFF85 Time constant register Al TCORA1 R/W H'FF
H'FFF87 Time constant register B1 TCORB1 R/W H'FF
H'FFF89 Timer counter 1 8TCNT1 R/W H'00
2 H'FFF90 Timer control register 2 8TCR2 R/W H'00
H'FFF92 Timer control/status register 2 8TCSR2 R/I(W)** H'10
H'FFF94 Time constant register A2 TCORA2 R/W H'FF
H'FFF96 Time constant register B2 TCORB2 R/W H'FF
H'FFF98 Timer counter 2 8TCNT2 R/W H'00
3 H'FFF9O1 Timer control register 3 8TCRS3 R/W H'00
H'FFF93 Timer control/status register 3 8TCSR3 R/(W)*? H'00
H'FFF95 Time constant register A3 TCORA3 R/W H'FF
H'FFF97 Time constant register B3 TCORB3 R/W H'FF
H'FFF99 Timer counter 3 8TCNT3 R/W H'00

Notes: 1. Indicates the lower 20 bits of the address in advanced mode.
2. Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registersfor channel 0 and channel 1 comprises a 16-bit register with the channel 0
register as the upper 8 bits and the channel 1 register as the lower 8 hits, so they can be accessed
together by word access.

Similarly, each pair of registersfor channel 2 and channel 3 comprises a 16-bit register with the
channel 2 register as the upper 8 bits and the channel 3 register as the lower 8 bits, so they can be
accessed together by word access.
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10.2 Register Descriptions

10.2.1  Timer Counters (8TCNT)

8TCNTO 8TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvalue 0 ©0 0 O O0 0 0 O O O O O 0o o0 o0 o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

8TCNT2 8TCNT3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The timer counters (8TCNT) are 8-hit readable/writable up-counters that increment on pulses
generated from an internal or external clock source. The clock sourceis selected by clock select
bits 2 to 0 (CKS2 to CKS0) in the timer control register (8TCR). The CPU can always read or
write to the timer counters.

The 8TCNTO and 8TCNT1 pair, and the STCNT2 and 8TCNT3 pair, can each be accessed asa
16-bit register by word access.

8TCNT can be cleared by an input capture signal or compare match signal. Counter clear bits 1
and 0 (CCLR1 and CCLRO) in 8TCR select the method of clearing.

When 8TCNT overflows from H'FF to H'00, the overflow flag (OVF) in the timer control/status
register (8TCSR) issetto 1.

Each 8TCNT isinitialized to H'00 by areset and in standby mode.
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10.2.2 Time Constant Registers A (TCORA)

TCORAO to TCORA3 are 8-bit readable/writable registers.

TCORAO TCORAL

Bit 15 14 13 12 11 10 9 8 I 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORA2 TCORA3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The TCORAO and TCORA1 pair, and the TCORA2 and TCORA3 pair, can each be accessed as a
16-bit register by word access.

The TCORA value is constantly compared with the STCNT value. When a match is detected, the
corresponding compare match flag A (CMFA) issetto 1in 8TCSR.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits 1 and 0 (OS1, OS0) in 8TCSR.

Each TCORA register isinitialized to H'FF by areset and in standby mode.
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10.2.3 Time Constant Registers B (TCORB)

TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value $ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORB2 TCORB3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORBO to TCORB3 are 8-hit readable/writable registers. The TCORBO and TCORBL1 pair, and
the TCORB2 and TCORB3 pair, can each be accessed as a 16-bit register by word access.

The TCORB value is constantly compared with the STCNT value. When amatch is detected, the
corresponding compare match flag B (CMFB) issetto 1in 8TCSR*.

The timer output can be freely controlled by these compare match signals and the settings of
output/input capture edge select bits 3 and 2 (OIS3, OIS2) in 8TCSR.

When TCORB is used for input capture, it storesthe 8TCNT value on detection of an external
input capture signal. At thistime, the CMFB flag is set to 1 in the corresponding 8TCSR register.
The detected edge of the input capture signal is set in 8TCSR.

Each TCORSB register isinitialized to H'FF by areset and in standby mode.

Note: * When channel 1 and channel 3 are designated for TCORB input capture, the CMFB flag is
not set by a channel 0 or channel 2 compare match B.
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10.2.4  Timer Control Register (8TCR)

Bit 7 6 5 4 3 2 1 0
| CMIEB | CMIEA| OVIE | CCLR1 | CCLRO | CKS2 | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
8TCR is an 8-hit readabl e/writable register that selectsthe STCNT input clock, givesthe STCNT
clearing specification, and enables interrupt requests.
8TCRiisinitialized to H'00 by areset and in standby mode.

For the timing, see section 10.4, Operation.

Bit 7—Compare Match Interrupt Enable B (CMIEB): Enables or disables the CMIB interrupt
request when the CMFB flagisset to 1in 8TCSR.

Bit 7

CMIEB Description

0 CMIB interrupt requested by CMFB is disabled (Initial value)
1 CMIB interrupt requested by CMFB is enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Enables or disables the CMIA interrupt
reguest when the CMFA flag issetto 1in 8TCSR.

Bit 6

CMIEA Description

0 CMIA interrupt requested by CMFA is disabled (Initial value)
1 CMIA interrupt requested by CMFA is enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Enables or disablesthe OV interrupt
request when the OVF flagisset to 1 in 8TCSR.

Bit 5

OVIE Description

0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVl interrupt requested by OVF is enabled

Rev. 5.0, 09/04, page 383 of 978
RENESAS



Bits4 and 3—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits specify the STCNT
clearing source. Compare match A or B, or input capture B, can be selected as the clearing source.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Cleared by compare match A

1 0 Cleared by compare match B/input capture B
1 Cleared by input capture B

Note: When input capture B is set as the 8TCNT1 and 8TCNT3 counter clear source, STCNTO
and 8TCNT?2 are not cleared by compare match B.

Bits2to 0—Clock Select 2to 0 (CSK 2 to CSK0): These hits select whether the clock input to
8TCNT isan internal or external clock.

Three internal clocks can be selected, all divided from the system clock (@): ¢/8, ¢/64, and ¢/8192.
The rising edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.

When CKS2, CKS1, CKS0 =1, 0, 0, channels 0 and 1 and channels 2 and 3 are cascaded.

The incrementing clock source is different when 8TCRO and 8TCR2 are set, and when 8TCR1
and 8TCR3 are set.
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Bit 2
CSK2

Bit 1 Bit 0
CSK1 CSKO

Description

0

0 0

Clock input disabled (Initial value)

Internal clock, counted on falling edge of ¢/8

Internal clock, counted on falling edge of @/64

Internal clock, counted on falling edge of ¢/8192

O | O| P

Channel 0 (16-bit count mode): Count on 8TCNT1 overflow
signal**

Channel 1 (compare match count mode): Count on 8TCNTO
compare match A**

Channel 2 (16-bit count mode): Count on 8TCNT3 overflow
signal*?

Channel 3 (compare match count mode): Count on 8TCNT2
compare match A*?

1

External clock, counted on rising edge

1 0

External clock, counted on falling edge

1

External clock, counted on both rising and falling edges

Notes: 1. If the clock input of channel O is the 8TCNT1 overflow signal and that of channel 1 is
the 8TCNTO compare match signal, no incrementing clock is generated. Do not use

this setting.

. If the clock input of channel 2 is the 8TCNT3 overflow signal and that of channel 3 is

the 8TCNT2 compare match signal, no incrementing clock is generated. Do not use

this setting.
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10.25 Timer Control/Status Registers (8TCSR)

8TCSRO
Bit

Initial value
Read/Write

8TCSR2
Bit

Initial value
Read/Write

8TCSR1
Bit

Initial value
Read/Write

Note: * Only O can be written to bits 7 to 5, to clear these flags.

7 6 5 4 3 2 1 0
CMFB | CMFA | OVF | ADTE | 0IS3 | OIS2 | OS1 | 0S0
0 0 0 0 0 0 0 0
RIW)*  RIW)* RIW)* RW  RW  RW RW  RW
7 6 5 4 3 2 1 0
CMFB | CMFA | OVF — ols3 | ois2 | os1 | 0so
0 0 0 1 0 0 0 0
RIW)*  RIW)*  RIW)*  — RW  RW RW  RW
, 8TCSR3
7 6 5 4 3 2 1 0
CMFB | CMFA | OVF ICE | OIS3 | oIs2 | 0s1 | 0s0
0 0 0 0 0 0 0 0
RIW)*  RIW)* RI(W)* RW  RW  RW RW  RW

The timer control/status registers 8TCSR are 8-bit registers that indicate compare match/input
capture and overflow statuses, and control compare match output/input capture edge selection.

8TCSR2 isinitialized to H'10, and 8TCSR0, 8TCSR1, and 8TCSR3 to H'00, by areset and in
standby mode.
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Bit 7—Compare Match/Input Capture Flag B (CMFB): Status flag that indicates the
occurrence of a TCORB compare match or input capture.

Bit 7

CMFB Description

0 [Clearing condition] (Initial value)
Read CMFB when CMFB = 1, then write 0 in CMFB

1 [Setting conditions]

« B8TCNT = TCORB*

e The 8TCNT value is transferred to TCORB by an input capture signal when
TCORSB functions as an input capture register

Note: * When bit ICE is setto 1 in 8TCSR1 and 8TCSR3, the CMFB flag is not set when
8TCNTO = TCORBO or 8TCNT2 = TCORB2.

Bit 6—Compare Match Flag A (CMFA): Status flag that indicates the occurrence of a TCORA
compare match.

Bit 6

CMFA Description

0 [Clearing condition] (Initial value)
Read CMFA when CMFA =1, then write 0 in CMFA

1 [Setting condition]

8TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): Statusflag that indicates that the STCNT has overflowed
from H'FF to H'00.

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

8TCNT overflows from H'FF to H'00
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Bit 4—A/D Trigger Enable (ADTE) (In 8TCSRO0): In combination with TRGE in the A/D
control register (ADCR), enables or disables A/D converter start requests by compare match A or
an external trigger.

Bit 4
TRGE* ADTE Description
0 0 A/D converter start requests by compare match A or external trigger pin
(ADTRG) input are disabled (Initial value)
1 A/D converter start requests by compare match A or external trigger pin
(ADTRG) input are disabled
1 0 A/D converter start requests by external trigger pin (ADTRG) input are

enabled, and A/D converter start requests by compare match A are disabled

1 A/D converter start requests by compare match A are enabled, and A/D
converter start requests by external trigger pin (ADTRG) input are disabled

Note: * TRGE is bit 7 of the A/D control register (ADCR).

Bit 4—Reserved (In 8TCSR1): Thishit isareserved bit, but can be read and written.

Bit 4—Input Capture Enable (ICE) (In 8TCSR1 and 8TCSR3): Selects the function of
TCORB1 and TCORBS.

Bit 4

ICE Description

0 TCORB1 and TCORB3 are compare match registers (Initial value)
1 TCORB1 and TCORB3 are input capture registers

When bit ICE isset to 1 in 8TCSR1 or 8TCSR3, the operation of the TCORA and TCORB
registersin channels 0 to 3 is as shown in the tables below.
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Table 10.3 Operation of Channels0 and 1 when Bit ICE isSet to 1in 8TCSR1 Register

Register Timer Output
Register Function Status Flag Change Capture Input Interrupt Request
TCORAO Compare match CMFA changed from 0 TMO, output CMIAQO interrupt request
operation to 1in 8TCSRO by controllable generated by compare
compare match match
TCORBO Compare match CMFB not changed No output from CMIBO interrupt request
operation from0Oto 1in 8TCSRO TMO, not generated by compare
by compare match match
TCORA1 Compare match CMFA changed from 0 TMIO, is dedicated CMIAL interrupt request
operation to 1in 8TCSR1 by input capture pin  generated by compare
compare match match
TCORB1 Input capture CMFB changed from 0 TMIO, is dedicated CMIBL1 interrupt request

operation

to 1in 8TCSR1 by

input capture

input capture pin

generated by input
capture

Table10.4 Operation of Channels 2 and 3 when Bit ICE is Set to 1 in 8T CSR3 Register

Register Timer Output
Register Function Status Flag Change  Capture Input Interrupt Request
TCORA2 Compare match CMFA changed from 0 TMO, output CMIAZ2 interrupt request
operation to 1in 8TCSR2 by controllable generated by compare
compare match match
TCORB2 Compare match CMFB not changed No output from CMIB2 interrupt request
operation fromOto 1in 8TCSR2 TMO, not generated by compare
by compare match match
TCORA3 Compare match CMFA changed from 0 TMIO, is dedicated CMIA3 interrupt request
operation to 1in 8TCSR3 by input capture pin  generated by compare
compare match match
TCORB3 Input capture CMFB changed from 0 TMIOQ, is dedicated CMIB3 interrupt request

operation

to 1 in 8TCSR3 by

input capture

input capture pin

generated by input
capture
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Bits 3 and 2—Output/Input Capture Edge Select B3 and B2 (01 S3, OI S2): In combination
with the ICE bit in 8TCSR1 (8TCSR3), these bits select the compare match B output level or the
input capture input detected edge.

The function of TCORB1 (TCORB3) depends on the setting of bit 4 of 8TCSR1 (8TCSR3).

ICE Bit in

8TCSR1 Bit3 Bit2
(8TCSR3) OIS3 OIS2 Description

0 0 0 No change when compare match B occurs (Initial value)
1 0 is output when compare match B occurs
1 0 1 is output when compare match B occurs
1 Output is inverted when compare match B occurs (toggle output)
1 0 0 TCORB input capture on rising edge
1 TCORSB input capture on falling edge
1 0 TCORB input capture on both rising and falling edges
1

« When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > 0 output.

» If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

e When bits OIS3, OIS2, OS1, and OS0 are all cleared to 0, timer output is disabled.

Bits 1 and 0—Output Select Al and A0 (OS1, OS0): These bits select the compare match A

output level.

Bit 1 Bit 0

0s1 0so Description

0 0 No change when compare match A occurs (Initial value)
1 0 is output when compare match A occurs

1 0 1 is output when compare match A occurs
1 Output is inverted when compare match A occurs (toggle output)

* When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > O output.

e If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

e When bits OIS3, OIS2, OS1, and OS0 are all cleared to 0, timer output is disabled.
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10.3 CPU Interface

10.3.1 8-Bit Registers

8TCNT, TCORA, TCORB, 8TCR, and 8TCSR are 8-hit registers. These registers are connected
to the CPU by an internal 16-bit data bus and can be read and written aword at atime or a byte at
atime,

Figures 10.2 and 10.3 show the operation in word read and write accesses to 8TCNT.

Figures 10.4 to 10.7 show the operation in byte read and write accessesto 8TCNTO and 8TCNT1.

Internal data bus
H H

C
p 4L iitlesrface L Module data bus
u

| 8TCNTO | 8TCNT1 |

Figure10.2 8TCNT Access Operation (CPU Writesto 8TCNT, Word)

Internal data bus
H

Bus

C
p 4L interface Module data bus
U

8TCNTO | BTCNT1

Figure10.3 8TCNT Access Operation (CPU Reads 8TCNT, Word)

Internal data bus

H H
) | ..
p 4L interface L Module data bus
fR G— < — >

|STCNTHO[8TCNTL1]
Figure10.4 8TCNTO Access Operation (CPU Writesto STCNTO, Upper Byte)
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Internal data bus

H

C
P L
U

Bus
interface

=
L Module data bus

[STCNTHO[8TCNTL1]

Figure10.5 8TCNT1 Access Operation (CPU Writesto 8TCNTL, Lower Byte)

Internal data bus
H

C
P L
u

Bus
interface

H
| = L >| Module data bus

<

8TCNTO | 8STCNT1

Figure10.6 8TCNTO Access Operation (CPU Reads 8TCNTO, Upper Byte)

Internal data bus
H

C
P L
U

Bus
interface

< =
L Module data bus

| 8TCNTO | 8TCNT1 |

Figure10.7 8TCNT1 Access Operation (CPU Reads8TCNT1, Lower Byte)
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104  Operation

10.4.1 8TCNT Count Timing
8TCNT isincremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (¢/8, ¢/64, or ¢/8192) divided from the
system clock (@) can be selected, by setting bits CKS2 to CKS0 in 8TCR. Figure 10.8 showsthe
count timing.

o 1L LML rroro

(
Internal clock —| | ) |

8TCNT input clock

((
)

2 X N+

(
8TCNT N-1 X . N
)

Note: Even if the same internal clock is selected for the 16-bit timer and the 8-bit timer, the same operation
will not be performed since the incrementing edge is different in each case.

Figure10.8 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKS0 in
8TCR: on therising edge, the falling edge, and both rising and falling edges.

The pulse width of the external clock signal must be at least 1.5 system clocks when a single edge
isselected, and at least 2.5 system clocks when both edges are selected. Shorter pulses will not be
counted correctly.

Figure 10.9 shows the timing for incrementation on both edges of the external clock signal.
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o LI LI LML Lo
External clock input —| |_

8TCNT input clock

8TCNT N-1 X

s )
( N X (( N+1
J )

Figure10.9 Count Timing for External Clock Input (Both-Edge Detection)

10.4.2 CompareMatch Timing

Timer Output Timing: When compare match A or B occurs, the timer output is as specified by
the OIS3, OIS2, OS], and OS0 bitsin 8TCSR (unchanged, 0 output, 1 output, or toggle output).

Figure 10.10 shows the timing when the output is set to toggle on compare match A.

o LML ML rirriror
Compare match A 4|—| |<|

signal \
I

Timer output |

Figure10.10 Timingof Timer Output
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Clear by Compare Match: Depending on the setting of the CCLR1 and CCLRO bitsin 8TCR,
8TCNT can be cleared when compare match A or B occurs, Figure 10.11 shows the timing of
this operation.

Compare match signal

8TCNT N X H'00

Figure10.11 Timing of Clear by Compare Match

Clear by Input Capture: Depending on the setting of the CCLR1 and CCLRO bitsin 8TCR,
8TCNT can be cleared when input capture B occurs. Figure 10.12 shows the timing of this
operation.

o | L L L1 L1 L4 11

Input capture input |

Input capture signal

8TCNT N X Ho0

Figure10.12 Timing of Clear by Input Capture

10.4.3 Input Capture Signal Timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin 8TCSR.
Figure 10.13 shows the timing when the rising edge is selected.

The pulse width of the input capture input signal must be at least 1.5 system clocks when a single
edge is selected, and at least 2.5 system clocks when both edges are selected.

Rev. 5.0, 09/04, page 395 of 978
RENESAS




Input capture input |

Input capture signal

8TCNT N

TCORB X N

Figure10.13 Timing of Input Capture Input Signal

10.4.4 Timing of Status Flag Setting

Timing of CMFA/CMFB Flag Setting when Compare Match Occurs: The CMFA and CMFB
flagsin 8TCSR are set to 1 by the compare match signal output when the TCORA or TCORB and
8TCNT values match. The compare match signal is generated in the last state of the match (when
the matched 8TCNT count value is updated). Therefore, after the STCNT and TCORA or
TCORB values match, the compare match signal is not generated until an incrementing clock
pulse signal is generated. Figure 10.14 showsthe timing in this case.

2 I I O B

8TCNT N X N+1

TCOR N

Compare match signal

\

CMF |

Figure10.14 CMF Flag Setting Timing when Compare Match Occurs

Timing of CMFB Flag Setting when Input Capture Occurs: On generation of an input capture
signal, the CMFB flag is set to 1 and at the same time the 8TCNT valueistransferred to TCORB.
Figure 10.15 shows the timing in this case.
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8TCNT N

TCORB X N

Input capture signal

CMFB |

Figure10.15 CMFB Flag Setting Timing when Input Capture Occurs

Timing of Overflow Flag (OVF) Setting: The OVF flag in 8TCSR is set to 1 by the overflow
signal generated when 8TCNT overflows (from H'FF to H'00). Figure 10.16 shows thetiming in
this case.

8TCNT H'FF X H'00

Overflow signal

OVF

Figure10.16 Timing of OVF Setting

10.45 Operation with Cascaded Connection

If bits CKS2 to CKS0 are set to (100) in either 8TCRO or 8TCR1, the 8-bit timers of channels 0
and 1 are cascaded. With this configuration, the two timers can be used as a single 16-bit timer
(16-bit timer mode), or channel 0 8-bit timer compare matches can be counted in channel 1
(compare match count mode). Similarly, if bits CKS2 to CKS0 are set to (100) in either STCR2
or 8TCRS, the 8-bit timers of channels 2 and 3 are cascaded. With this configuration, the two
timers can be used as a single 16-bit timer (16-bit timer mode),or channel 2 8-bit timer compare
matches can be counted in channel 3 (compare match count mode). In this case, the timer
operates as below.
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16-Bit Count Mode

Channels 0 and 1:
When bits CKS2 to CKS0 are set to (100) in 8TCRO, the timer functions as a single 16-bit
timer with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.
O Setting when Compare Match Occurs
e« TheCMFA or CMFB flagisset to 1 in 8TCSR0 when a 16-bit compare match occurs.
* The CMFA or CMFB flag is set to 1 in 8TCSR1 when alower 8-bit compare match
occurs.
e TMOO pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSROisin
accordance with the 16-bit compare match conditions.
e TMIOL1 pin output control by bits OIS3, OIS2, OS], and OS0 in 8TCSR1isin
accordance with the lower 8-bit compare match conditions.
O Setting when Input Capture Occurs
* TheCMFB flagissetto 1in 8TCSRO and 8TCSR1 when the ICE bitis1in TCSR1
and input capture occurs.
e TMIOL pininput capture input signal edge detection is selected by hits OIS3 and OIS2
in 8TCSRO.
O Counter Clear Specification
 If counter clear on compare match or input capture has been selected by the CCLR1
and CCLRO bhitsin 8TCRO, the 16-hit counter (both STCNTO and 8TCNTL) is cleared.

* The settings of the CCLR1 and CCLRO bitsin 8TCR1 areignored. The lower 8 bits
cannot be cleared independently.

O OVF Flag Operation
 TheOVFflagissetto 1in 8TCSRO when the 16-bit counter (BSTCNTO and 8TCNT1)
overflows (from H'FFFF to H'0000).
e« TheOVFflagissetto1lin 8TCSR1 when the 8-hit counter (8TCNT1) overflows (from
H'FF to H'00).
Channels 2 and 3:
When bits CKS2 to CKS0 are set to (100) in 8TCR2, the timer functions as a single 16-bit
timer with channel 2 occupying the upper 8 bits and channel 3 occupying the lower 8 bits.
O Setting when Compare Match Occurs
e TheCMFA or CMFB flagisset to 1in 8TCSR2 when a 16-bit compare match occurs.
* The CMFA or CMFB flag is set to 1 in 8TCSR3 when alower 8-bit compare match
occurs.
e TMO2 pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSR2isin
accordance with the 16-bit compare match conditions.

*  TMIQOS pin output control by bits OIS3, OIS2, OS], and OS0 in 8TCSR3isin
accordance with the lower 8-bit compare match conditions.
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O Setting when Input Capture Occurs

* TheCMFB flagissetto 1in 8TCSR2 and 8TCSR3 when the ICE bitis1in TCSR3
and input capture occurs.

e TMIQO3 pin input capture input signal edge detection is selected by hits OIS3 and OIS2
in 8TCSR2.

0 Counter Clear Specification

« If counter clear on compare match has been selected by the CCLR1 and CCLRO hitsin
8TCR2, the 16-bit counter (both 8TCNT2 and 8TCNT3) is cleared.

* The settings of the CCLR1 and CCLRO bitsin 8TCR3 areignored. The lower 8 bits
cannot be cleared independently.

O OVF Flag Operation

 TheOVFflagissetto 1in 8TCSR2 when the 16-bit counter (BTCNT2 and 8TCNT3)
overflows (from H'FFFF to H'0000).

e« TheOVFflagissetto 1in 8TCSR3 when the 8-hit counter (8TCNT3) overflows (from
H'FF to H'00).

Compare Match Count Mode

e Channels0and 1:

When bits CKS2 to CKS0 are set to (100) in 8TCR1, 8TCNT1 counts channel 0 compare
match A events.

CMF flag setting, interrupt generation, TMO pin output, counter clearing, and so on, isin
accordance with the settings for each channel.

Note: When bit ICE = 1 in 8TCSR1, the compare match register function of TCORBO in
channel O cannot be used.

e Channels2 and 3:

When bits CKS2 to CKS0 are set to (100) in 8TCR3, 8TCNT3 counts channel 2 compare
match A events.

CMF flag setting, interrupt generation, TMO pin output, counter clearing, and so on, isin
accordance with the settings for each channel.

Caution

Do not set 16-bit counter mode and compare match count mode simultaneously within the same
group, asthe 8TCNT input clock will not be generated and the counters will not operate.
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10.4.6  Input Capture Setting

The 8TCNT value can be transferred to TCORB on detection of an input edge on the input
capture/output compare pin (TMIO, or TMIO,). Rising edge, falling edge, or both edge detection
can be selected. In 16-bit count mode, 16-bit input capture can be used.

Setting Input Capture Operation in 8-Bit Timer Mode (Nor mal Oper ation)

+ Channel 1:
0 Set TCORBL1 as an 8-bit input capture register with the ICE bit in 8TCSR1.

O Selectrising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10,) with bits OIS3 and OIS2 in 8TCSR1.

0 Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.
+ Channel 3:
0 Set TCORB3 as an 8-hit input capture register with the ICE bit in 8TCSRS.

O Selectrising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10,) with bits OIS3 and OIS2 in 8TCSR3.

0 Select the input clock with bits CKS2 to CKS0 in 8TCR3, and start the STCNT count.

Note:  When TCORBL1 in channel 1 isused for input capture, TCORBO in channel 0 cannot be
used as a compare match register.
Similarly, when TCORB3 in channel 3 isused for input capture, TCORB2 in channel 2
cannot be used as a compare match register.

Setting Input Capture Operation in 16-Bit Count Mode

e Channels0and 1:

O In 16-bit count mode, TCORBO and TCORB.1 function as a 16-bit input capture register
when the ICE bit isset to 1 in 8TCSR1.

O Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10,) with bits OIS3 and OIS2 in 8TCSRO. (In 16-bit count mode, the settings of
bits OI1S3 and OIS2 in 8TCSR1 are ignored.)

O Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.
e Channels2 and 3:

O In 16-bit count mode, TCORB2 and TCORB3 function as a 16-bit input capture register
when the ICE bit isset to 1 in 8TCSR3.

0 Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10,) with bits OIS3 and OIS2 in 8TCSR2. (In 16-bit count mode, the settings of
bits OI1S3 and OIS2 in 8TCSR3 are ignored.)

O Select the input clock with bits CKS2 to CKS0 in 8TCR3, and start the STCNT count.
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105 Interrupt

10.5.1 Interrupt Sources

The 8-bit timer unit can generate three types of interrupt: compare match A and B (CMIA and
CMIB) and overflow (TOVI). Table 10.5 shows the interrupt sources and their priority order.
Each interrupt sourceis enabled or disabled by the corresponding interrupt enable bitin STCR. A
separate interrupt request signal is sent to the interrupt controller by each interrupt source.

Table10.5 Typesof 8-Bit Timer Interrupt Sourcesand Priority Order

Interrupt Source Description Priority
CMIA Interrupt by CMFA High
CMIB Interrupt by CMFB ¢
TOVI Interrupt by OVF Low

For compare match interrupts (CMIA1/CMIB1 and CMIA3/CMIB3) and the overflow interrupts
(TOVIO/TOVI1 and TOVI2/ITOVI3), one vector is shared by two interrupts.

Table 10.6 lists the interrupt sources.

Table 10.6 8-Bit Timer Interrupt Sources

Channel Interrupt Source  Description

0 CMIAO TCORAO compare match
CMIBO TCORBO compare match/input capture
1 CMIA1l/CMIB1 TCORA1 compare match, or TCORB1 compare match/input
capture
0,1 TOVIO/TOVI1 Counter 0 or counter 1 overflow
CMIA2 TCORAZ2 compare match
CMIB2 TCORB2 compare match/input capture
3 CMIA3/CMIB3 TCORA3 compare match, or TCORB3 compare match/input
capture
2,3 TOVI2/TOVI3 Counter 2 or counter 3 overflow
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10.5.2 A/D Converter Activation
The A/D converter can only be activated by channel 0 compare match A.

If the ADTE bit setting is 1 when the CMFA flag in 8TCSRO is set to 1 by generation of channel 0
compare match A, an A/D conversion start request will be issued to the A/D converter. If the
TRGE bitin ADCRis 1 at thistime, the A/D converter will be started. If the ADTE bitin
8TCSROis 1, A/D converter external trigger pin (ADTRG) input is disabled.

10.6  8-Bit Timer Application Example

Figure 10.17 shows how the 8-bit timer module can be used to output pulses with any desired duty
cycle. The settingsfor this example are as follows:

* Clear the CCLR1 hit to 0 and set the CCLRO bit to 1 in 8TCR so that 8TCNT iscleared by a
TCORA compare match.

e Set bits OIS3, OIS2, OS1, and OS0 to (0110) in 8TCSR so that 1 is output on a TCORA
compare match and O is output on a TCORB compare match.

The above settings enable a waveform with the cycle determined by TCORA and the pulse width
detected by TCORB to be output without software intervention.

Figure10.17 Example of Pulse Output
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10.7  Usage Notes

Note that the following kinds of contention can occur in 8-bit timer operation.

10.7.1  Contention between 8TCNT Write and Clear

If atimer counter clear signal occursin the T, state of a STCNT write cycle, clearing of the
counter takes priority and the write is not performed. Figure 10.18 showsthe timing in this case.

8TCNT write cycle
T1 T2 T3

D A D
o | L L g L

Address bus >< 8TCNT address ><

Internal write signal | |

Counter clear signal

8TCNT N >< H'00

Figure 10.18 Contention between 8TCNT Writeand Clear
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10.7.2  Contention between STCNT Write and | ncrement

If an increment pulse occursin the T, state of a 8TCNT write cycle, writing takes priority and
8TCNT isnot incremented. Figure 10.19 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

Address bus >< 8 TCNT address ><

Internal write signal | |

8TCNT input clock

8TCNT N >< oM
4

8TCNT write data

Figure 10.19 Contention between 8TCNT Write and I ncrement
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10.7.3  Contention between TCOR Write and Compare Match

If acompare match occursin the T, state of a TCOR write cycle, writing takes priority and the
compare match signal isinhibited. Figure 10.20 shows the timing in this case.

TCOR write cycle
T1 T2 T3

D A A
I T O O R

Address bus >< TCOR address ><

Internal write signal | |

8TCNT N >< N+1

TCOR N >< P M

] ' a——  |nhibited
Compare match signal

Figure 10.20 Contention between TCOR Write and Compare Match
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10.7.4  Contention between TCOR Read and I nput Capture

If an input capture signal occursin the T, state of a TCOR read cycle, the value before input
captureisread. Figure 10.21 showsthetiming in this case.

TCORB read cycle
T1 T2 T3

Address bus

Internal read signal |
Input capture signal

TCORB N >< M

Internal data bus < N >—

Figure10.21 Contention between TCOR Read and Input Capture
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10.7.5 Contention between Counter Clearing by Input Capture and Counter I ncrement

If an input capture signal and counter increment signal occur simultaneously, counter clearing by
the input capture signal takes priority and the counter is not incremented. The value before the
counter is cleared istransferred to TCORB. Figure 10.22 shows the timing in this case.

T1 T2 T3

Input capture signal _
Counter clear signal
8TCNT internal clock

8TCNT N >< H'00

TCORB X >< N

Figure10.22 Contention between Counter Clearing by Input Capture and Counter
I ncrement
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10.7.6  Contention between TCOR Write and I nput Capture

If an input capture signal occursin the T, state of a TCOR write cycle, input capture takes priority
and the writeto TCOR is not performed. Figure 10.23 showsthe timing in this case.

TCOR write cycle
T1 T2 T3

e I S I

TCOR address ><

Address bus

>

Internal write signal |
Input capture signal

8TCNT M

TCOR X >< M

Figure10.23 Contention between TCOR Write and Input Capture
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10.7.7  Contention between 8TCNT Byte Write and Increment in 16-Bit Count Mode
(Cascaded Connection)

If an increment pulse occursin the T, state of an 8TCNT byte write cycle in 16-bit count mode,
the counter write takes priority and the byte data for which the write was performed is not
incremented. The byte data for which awrite was not performed isincremented. Figure 10.24
shows the timing when an increment pulse occursin the T, state of a byte write to STCNT (upper
byte). If an increment pulse occursin the T, state, on the other hand, the increment takes priority.

8TCNT (upper byte) byte write cycle
T1 T2 T3

Address bus >< 8TCNTH address ><

Internal write signal | |

8TCNT input clock

8TCNT (upper byte) N >< N+1 ><8TCNT write data

8TCNT (lower byte) X >< X+1

Figure 10.24 Contention between 8TCNT Byte Write and Increment in 16-Bit Count Mode
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10.7.8  Contention between Compare Matches A and B

If compare matches A and B occur at the same time, the 8-bit timer operates according to the
relative priority of the output states set for compare match A and compare match B, as shown in
Table 10.7.

Table10.7 Timer Output Priority Order

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

10.7.9 8TCNT Operation and Internal Clock Source Switchover

Switching internal clock sources may cause 8TCNT to increment, depending on the switchover
timing. Table 10.8 shows the relation between the time of the switchover (by writing to bits
CKS1 and CKS0) and the operation of 8TCNT.

The 8TCNT input clock is generated from the internal clock source by detecting the rising edge of
theinternal clock. If aswitchover is made from alow clock source to a high clock source, asin
case No. 3in Table 10.8, the switchover will be regarded as afalling edge, a8TCNT clock pulse
will be generated, and 8TCNT will be incremented.

8TCNT may also be incremented when switching between internal and external clocks.
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Table 10.8

Internal Clock Switchover and 8TCNT Operation

CKS1 and CKSO0 Write
No. Timing 8TCNT Operation

1 High — high switchover**

Old clock

source

New clock
source

8TCNT clock

8TCNT N X N+1

CKS bits rewritten

2 High - low switchover*? old clock

source —|_| | |

New clock
source

8TCNT clock

8TCNT N X N1 X

CKS bits rewritten

3 Low — high switchover*®

Old clock
sour(f:t(e)C —l_l |

New clock
source
*4
8TCNT clock m
N
8TCNT N X N+ X N+2 X

CKS bits rewritten
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CKS1 and CKSO Write
No. Timing 8TCNT Operation

. 4
4 Low - low switchover* Old clock

source —l | | | |

New clock
source

8TCNT clock

8TCNT N X w1 X w2 X

CKS bits rewritten

Notes: 1. Including switchovers from the high level to the halted state, and from the halted state
to the high level.

2. Including switchover from the halted state to the low level.
Including switchover from the low level to the halted state.
4. The switchover is regarded as a rising edge, causing 8TCNT to increment.

w

Rev. 5.0, 09/04, page 412 of 978
RENESAS



Section 11 Programmable Timing Pattern Controller (TPC)

111 Overview

The H8/3069R has a built-in programmable timing pattern controller (TPC) that provides pulse
outputs by using the 16-bit timer as atime base. The TPC pulse outputs are divided into 4-bit
groups (group 3 to group 0) that can operate simultaneoudly and independently.

11.1.1  Features
TPC features are listed below.

* 16-bit output data
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis.
» Four output groups

Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit
outputs.

» Selectable output trigger signals

Output trigger signals can be selected for each group from the compare match signals of three
16-bit timer channels.

* Non-overlap mode
A non-overlap margin can be provided between pulse outputs.
» Can operate together with the DMA controller (DMAC)

The compare-match signal's selected as trigger signals can activate the DMAC for sequential
output of data without CPU intervention.
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11.1.2  Block Diagram

Figure 11.1 shows a block diagram of the TPC.

16-bit timer compare match signals

Ly

PADDR

PBDDR

Control logic

NDERA

NDERB

TPMR

TPCR

TP 14 ==— Pulse output
TP 13 -=— pins, group 3

fffffffffffffff PBDR

TP 10 ==— Pulse output
TP g = pins, group 2
TP g ~*—

™
TP 6
TP
TP
TP
TP
TP
TP

Pulse output
pins, group 1

Pulse output
pins, group O

-
-

——| NI

-

Il PADR
- ]

-

-

o P, N W A~ G

[Legend]

TPMR: TPC output mode register
TPCR: TPC output control register
NDERB: Next data enable register B
NDERA: Next data enable register A
PBDDR: Port B data direction register
PADDR: Port A data direction register
NDRB: Next data register B

NDRA: Next data register A

PBDR: Port B data register

PADR: Port A data register

Internal
data bus

Figure11.1 TPC Block Diagram
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11.1.3 TPC Pins

Table 11.1 summarizes the TPC output pins.

Table11.1 TPC Pins

Name Symbol 1/0 Function

TPC output 0 TP, Output Group 0 pulse output
TPC output 1 TP, Output

TPC output 2 TP, Output

TPC output 3 TP, Output

TPC output 4 TP, Output Group 1 pulse output
TPC output 5 TP, Output

TPC output 6 TP, Output

TPC output 7 TP, Output

TPC output 8 TP, Output Group 2 pulse output
TPC output 9 TP, Output

TPC output 10 TP, Output

TPC output 11 TP, Output

TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TP, Output

TPC output 14 TP, Output

TPC output 15 TP, Output

RENESAS
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1114 Registers
Table 11.2 summarizes the TPC registers.

Table11.2 TPC Registers

Address** Name Abbreviation  R/W Function
H'EE009 Port A data direction register PADDR W H'00
H'FFFD9 Port A data register PADR RI(W)*? H'00
H'EEOOA Port B data direction register PBDDR W H'00
H'FFFDA Port B data register PBDR RI(W)*? H'00
H'FFFAOQ TPC output mode register TPMR R/W H'FO
H'FFFA1 TPC output control register TPCR R/W H'FF
H'FFFA2 Next data enable register B NDERB R/W H'00
H'FFFA3 Next data enable register A NDERA R/W H'00
H'FFFA5/ Next data register A NDRA R/W H'00
H'FFFA7**

H'FFFA4/ Next data register B NDRB R/W H'00
H'FFFA6*°

Notes: 1. Lower 20 bits of the address in advanced mode.

2. Bits used for TPC output cannot be written.

3. The NDRA address is H'FFFA5 when the same output trigger is selected for TPC
output groups 0 and 1 by settings in TPCR. When the output triggers are different, the
NDRA address is H'FFFA7 for group 0 and H'FFFAS5 for group 1. Similarly, the address
of NDRB is H'FFFA4 when the same output trigger is selected for TPC output groups 2
and 3 by settings in TPCR. When the output triggers are different, the NDRB address is
H'FFFAG for group 2 and H'FFFA4 for group 3.
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11.2  Register Descriptions

11.2.1 Port A Data Direction Register (PADDR)

PADDR isan 8-bit write-only register that selects input or output for each pinin port A.

Bit 7 6 5 4 3 2 1 0
‘PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘ PA3;DDR ‘ PA,DDR ‘ PAlDDR‘PAODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W w w w w

Port A data direction 7to O
These bits select input or
output for port A pins

Port A is multiplexed with pins TP, to TP.. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 8.11, Port A.

11.2.2 Port A Data Register (PADR)

PADR is an 8-bit readable/writable register that stores TPC output data for groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA - ‘ PAg ‘ PA5 ‘ PA4 ‘ PA3 ‘ PA ‘ PA 1 ‘ PAo ‘
Initial value 0 0 0 0 0 0 0 0

Read/MWrite  R/(W)* R/(W)* RI(W)* RI(W)* RIW)* RIW)* RI(W)* RI(W)*

Port Adata7to 0
These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 8.11, Port A.
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11.2.3 Port B Data Direction Register (PBDDR)

PBDDR is an 8-hit write-only register that selects input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR ‘ PBgDDR ‘ PBsDDR ‘ PB4DDR‘ PB3DDR ‘ PB,DDR ‘PBlDDR ‘ PBODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w W w w W w w w

Port B direction 7to 0
These bits select input or
output for port B pins

Port B is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PBDDR, see section 8.12, Port B.

11.24 Port B Data Register (PBDR)

PBDR is an 8-bit readable/writable register that stores TPC output data for groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB~; ‘ PBg ‘ PBs5 ‘ PBy4 ‘ PB3 ‘ PB, ‘ PB, ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* RIW)* RIW)* RIW)* RIW)* RIW)* RIW)* RI(W)*

Port B data7to 0
These bits store output data
for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 8.12, Port B.
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11.25 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output groups
1and 0 (pins TP, to TR,). During TPC output, when an 16-bit timer compare match event
specified in TPCR occurs, NDRA contents are transferred to the corresponding bitsin PADR. The
address of NDRA differs depending on whether TPC output groups 0 and 1 have the same output
trigger or different output triggers.

NDRA isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are triggered by

the same compare match event, the NDRA address is H'FFFAS5. The upper 4 bits belong to group
1 and the lower 4 bitsto group 0. Address H'FFFA7 consists entirely of reserved bits that cannot

be modified and always read 1.

Address H'FFFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data 3to O
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group 0
Address H'FFFA7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups0 and 1: If TPC output groups 0 and 1 are triggered
by different compare match events, the address of the upper 4 bits of NDRA (group 1) is
H'FFFAS5 and the address of the lower 4 bits (group 0) is H'FFFA7. Bits 3 to 0 of address
H'FFFAS5 and bits 7 to 4 of address H'FFFA7 are reserved bits that cannot be modified and always
read 1.

Address H'FFFA5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1
Address H'FFFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data3to O

These bits store the next output
data for TPC output group 0O
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1126 Next Data Register B (NDRB)

NDRB is an 8-hit readabl e/writable register that stores the next output data for TPC output groups
3and 2 (pins TP, to TR,). During TPC output, when an 16-bit timer compare match event
specified in TPCR occurs, NDRB contents are transferred to the corresponding bitsin PBDR. The
address of NDRB differs depending on whether TPC output groups 2 and 3 have the same output
trigger or different output triggers.

NDRB isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by
the same compare match event, the NDRB address is H'FFFA4. The upper 4 bits belong to group
3 and the lower 4 bitsto group 2. Address H'FFFAG6 consists entirely of reserved bits that cannot
be modified and always read 1.

Address H'FFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 15 to 12 Next data 11 to 8
These bits store the next output These bits store the next output
data for TPC output group 3 data for TPC output group 2
Address H'FFFA6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered
by different compare match events, the address of the upper 4 bits of NDRB (group 3) is H'FFFA4
and the address of the lower 4 bits (group 2) is H'FFFAG. Bits 3 to 0 of address H'FFFA4 and bits
7 to 4 of address H'FFFAG6 are reserved bits that cannot be modified and alwaysread 1.

Address H'FFFA4
Bit 7 6 5 4 3 2 1 0
‘NDRlS ‘ NDR14‘ NDR13‘ NDRlZ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —

Next data 15 to 12 Reserved bits

These bits store the next output
data for TPC output group 3

Address H'FFFAG

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 11to 8

These bits store the next output
data for TPC output group 2
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11.2.7 Next Data Enable Register A (NDERA)

NDERA is an 8-hit readable/writable register that enables or disables TPC output groups 1 and O
(TP, to TR,) on a bit-by-bit basis.

Bit 7 6 5 4 3 2 1 0

‘ NDER7 ‘ NDERG‘ NDERB‘ NDER4‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7to O
These bits enable or disable
TPC output groups 1 and 0

If abit isenabled for TPC output by NDERA, then when the 16-bit timer compare match event
selected in the TPC output control register (TPCR) occurs, the NDRA value is automatically
transferred to the corresponding PADR bit, updating the output value. If TPC output is disabled,
the bit value is not transferred from NDRA to PADR and the output value does not change.

NDERA isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDEROQ): These bits enable or disable TPC
output groups 1 and 0 (TP, to TP,) on a bit-by-bit basis.

Bits 7to 0

NDER7 to NDERO Description

0 TPC outputs TP, to TP, are disabled (Initial value)
(NDR7 to NDRO are not transferred to PA, to PA))

1 TPC outputs TP, to TP, are enabled

(NDR7 to NDRO are transferred to PA, to PA,)
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11.2.8 Next Data Enable Register B (NDERB)

NDERB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2
(TP, to TP, on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘NDERM‘ NDERlS‘ NDERlZ‘NDERll‘NDERlO‘ NDER9 ‘ NDERS ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 15to 8

These bits enable or disable
TPC output groups 3 and 2

If abit isenabled for TPC output by NDERB, then when the 16-bit timer compare match event
selected in the TPC output control register (TPCR) occurs, the NDRB value is automatically
transferred to the corresponding PBDR hit, updating the output value. If TPC output is disabled,
the hit value is not transferred from NDRB to PBDR and the output value does not change.

NDERB isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15 to 8 (NDER15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TP, to TP,) on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS8 Description

0 TPC outputs TP, to TP, are disabled (Initial value)
(NDR15 to NDRS are not transferred to PB, to PB)

1 TPC outputs TP, to TP, are enabled

(NDR15 to NDRS are transferred to PB, to PB,)
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11.29 TPC Output Control Register (TPCR)

TPCR is an 8-hit readable/writable register that selects output trigger signals for TPC outputs on a
group-by-group basis.

Bit 7 6 5 4 3 2 1 0
‘GSCMSl‘ GSCMSO‘ GZCMSl‘ GZCMSO‘GlCMSl‘GlCMSO‘ GOCMSl‘GOCMSO‘

Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Group 3 compare
match select 1 and 0
These bits select

the compare match

event that triggers Group 2 compare
TPC output group 3 ~ Match select 1 and 0
(TP15to TP15) These bits select

the compare match
event that triggers ~ Group 1 compare
TPC output group 2 Match select 1 and 0
(TP to TPg) These bits select

the compare match

event that triggers Group 0 compare
TPC output group 1 match select 1 and 0

(TP t0 TPy) These bits select
the compare match
event that triggers
TPC output group 0
(TP3 to Tpo)

TPCR isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These hits
select the compare match event that triggers TPC output group 3 (TP, to TP,,).

Bit 7 Bit 6
G3CMS1 G3CMSO0 Description
0 0 TPC output group 3 (TP, to TP,,) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 3 (TP, to TP,,) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 3 (TP, to TP,,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 3 (TP, to TP_,) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match event that triggers TPC output group 2 (TP, to TR,).

Bit 5 Bit 4
G2CMS1 G2CMSO0  Description
0 0 TPC output group 2 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 2 (TP,, to TP,) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 2 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 2 (TP,, to TP,) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, GICM S0): These hits
select the compare match event that triggers TPC output group 1 (TP, to TPR,).

Bit 3 Bit 2
G1CMS1 G1CMSO Description
0 0 TPC output group 1 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 1 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 1 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 1 (TP, to TP,) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCM S1, GOCM S0): These bits
select the compare match event that triggers TPC output group O (TP, to TR,).

Bit 1 Bit 0
GOCMS1 GOCMSO Description
0 0 TPC output group 0 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 0 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 0 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 0 (TP, to TP,) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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11.2.10 TPC Output Mode Register (TPMR)

TPMR is an 8-bit readable/writable register that selects normal or non-overlapping TPC output for
each group.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NoV ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TPy,)

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TPy4 to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP; to TP,)

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TP,)

The output trigger period of a non-overlapping TPC output waveform is set in general register B
(GRB) in the 16-bit timer channel selected for output triggering. The non-overlap marginissetin
general register A (GRA). The output values change at compare match A and B. For details see
section 11.3.4, Non-Overlapping TPC Output.

TPMRisinitialized to H'FO by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for
group 3 (TP, to TP,).

Bit 3
G3NOV Description

0 Normal TPC output in group 3 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 3 (independent 1 and 0 output at
compare match A and B in the selected 16-bit timer channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC output for
group 2 (TP, to TR,).

Bit 2

G2NOV Description

0 Normal TPC output in group 2 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 2 (independent 1 and 0 output at

compare match A and B in the selected 16-bit timer channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC output for
group 1 (TP, to TP)).

Bit 1
G1NOV Description

0 Normal TPC output in group 1 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at
compare match A and B in the selected 16-bit timer channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC output for
group O (TP, to TPR)).

Bit 0

GONOV Description

0 Normal TPC output in group 0 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 0 (independent 1 and 0 output at

compare match A and B in the selected 16-bit timer channel)
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11.3  Operation

11.3.1 Overview

When corresponding bitsin PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output
isenabled. The TPC output initially consists of the corresponding PADR or PBDR contents.
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit
contents are transferred to PADR or PBDR to update the output values.

Figure 11.2 illustrates the TPC output operation. Table 11.3 summarizes the TPC operating
conditions.

DDR NDER
Q Q
Output trigger signal
c
Internal
Q DR D= Q NDR D~ jata bus

TPC output pin

Figure11.2 TPC Output Operation

Table11.3 TPC Operating Conditions

NDER DDR Pin Function

0 0 Generic input port

Generic output port

1 0 Generic input port (but the DR bit is a read-only bit, and when compare
match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

Sequential output of up to 16-bit patterns is possible by writing new output datato NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see
section 11.3.4, Non-Overlapping TPC Output.
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11.3.2  Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output
when the selected compare match event occurs. Figure 11.3 shows the timing of these operations
for the case of normal output in groups 2 and 3, triggered by compare match A.

TCNT >< N >< N+1 ><

GRA N

Compare
match A signal

NDRB n
PBDR m >< N n
TP8 to TP15 m >< n

Figure11.3 Timing of Transfer of Next Data Register Contents and Output (Example)
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11.3.3

Normal TPC Output

Sample Setup Procedure for Normal TPC Output: Figure 11.4 shows a sample procedure for
setting up normal TPC output.

16-bit timer
setup

Port and
TPC setup

16-bit timer
setup

Normal TPC output

Select GR functions

Set GRA value

Select counting operation

Select interrupt request

Set initial output data

Select port output

Enable TPC output

Select TPC output trigger

Set next TPC output data

Start counter

(1]
(2]
(3]
(4

(5]

6]

(7]

(8]

El

(10]

(1]

(2]

(3]

(4]

(5]

(6]
(71
(8]
9]

Set TIOR to make GRA an output compare
register (with output inhibited).

Set the TPC output trigger period.

Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
clear source with bits CCLR1 and CCLRO.
Enable the IMFA interrupt in TISRA.

The DMAC can also be set up to transfer
data to the next data register.

Set the initial output values in the DR bits

of the input/output port pins to be used for
TPC output.

Set the DDR bits of the input/output port

pins to be used for TPC output to 1.

Set the NDER bits of the pins to be used for
TPC output to 1.

Select the 16-bit timer compare match event
to be used as the TPC output trigger in TPCR.
Set the next TPC output values in the NDR bits.

[10] Setthe STR bitto 1in TSTR to start the

timer counter.

[11] At each IMFA interrupt, set the next output

Compare match?
Ye

es

Set next TPC output data

[11]

values in the NDR bits.
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 11.5 shows
an example in which the TPC is used for cyclic five-phase pulse output.

TCNT value Compare match

GRA

TPis5

TPy

TP13

TPy,

TPy

« The 16-bit timer channel to be used as the output trigger channel is set up so that GRA is an output
compare register and the counter will be cleared by compare match A. The trigger period is set in GRA.
The IMIEA bit is set to 1 in TISRA to enable the compare match A interrupt.

¢ H'F8is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the 16-bit timer channel set up in step 1 as the output trigger.

Output data H'80 is written in NDRB.

« The timer counter in this 16-bit timer channel is started. When compare match A occurs, the NDRB
contents are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt
service routine writes the next output data (H'CO) in NDRB.

* Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts. If the DMAC is set for
activation by this interrupt, pulse output can be obtained without loading the CPU.

Figure11.5 Normal TPC Output Example (Five-Phase Pulse Output)
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11.3.4  Non-Overlapping TPC Output

Sample Setup Procedure for Non-Overlapping TPC Output: Figure 11.6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

( | Select GR functions | [1] [1] SetTIOR to make GRA and GRB output
[ compare registers (with output inhibited).
N | Set GR values | 2] [2] Set the TPC output trigger period in GRB
16-bit timer ‘ and the non-overlap margin in GRA.
setup | B - | [3] Select the counter clock source with bits
Select counting operation (3] TPSC2 to TPSCO in TCR. Select the counter
‘ clear source with bits CCLR1 and CCLRO.
L | Select interrupt requests | [4] [4] Enable the IMFA interrupt in TISRA.
‘ The DMAC can also be set up to transfer
data to the next data register.
| (5] [5] Set the initial output values in the DR bits
\ of the input/output port pins to be used for
| Set up TPC output | [6] TPC output.
[ [6] Setthe DDR bits of the input/output port pins
| Enable TPC transfer | 7] to be used for TPC output to 1.
Port and ‘ [7] Setthe NDER bits of the pins to be used for
TPC setup | TPC output to 1.
In TPCR, select the 16-bit timer compare match
‘ event to be used as the TPC output trigger.
| Select non-overlapping groups | [9] [9] InTPMR, select the groups that will operate
[ in non-overlap mode.
[10] Set the next TPC output values in the NDR
bits.
[11] Setthe STR bitto 1 in TSTR to start the timer
counter.
Start counter [11] [12] At each IMFA interrupt, write the next output
value in the NDR bits.

e | Set initial output data

Select TPC transfer trigger | [8] (8]

L Set next TPC output data [10]

16-bit timer
setup

No

Compare match A?

Yes

Set next TPC output data [12]

Figure11.6 Setup Procedurefor Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 11.7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse output.

TCNT value

GRB

GRA ! ! ! ! ! !
H0000 e
wore 55— X5 X3 X s X X X

PEOR o5 KosX 65 XaaX 59 X50X 56 X14X 95 XooX 65 X )

r—= Non- -overlap margin

LSRN s sl
mo L]
" -
L T
=

—

TPy

TPyo | | | | | |

[

The 16-bit timer channel to be used as the output trigger channel is set up so that GRA and GRB are
output compare registers and the counter will be cleared by compare match B. The TPC output trigger
period is set in GRB. The non-overlap margin is set in GRA. The IMIEA bit is set to 1 in TISRA to enable
IMFA interrupts.

H'FF is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the 16-bit timer channel set up in step 1 as the output trigger. Bits
G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is written in
NDRB.

The timer counter in this 16-bit timer channel is started. When compare match B occurs, outputs change
from 1 to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRB.
Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95...
at successive IMFA interrupts. If the DMAC is set for activation by this interrupt, pulse output can be
obtained without loading the CPU.

Figure11.7 Non-Overlapping TPC Output Example (Four-Phase Complementary
Non-Overlapping Pulse Output)
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11.3.5 TPC Output Triggering by Input Capture

TPC output can be triggered by 16-bit timer input capture as well as by compare match. If GRA
functions as an input capture register in the 16-bit timer channel selected in TPCR, TPC output
will be triggered by the input capture signal. Figure 11.8 shows the timing.

TIOC pin >\‘

Input capture
signal

NDR N

\

DR M ><\‘N

Figure11.8 TPC Output Triggering by Input Capture (Example)
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11.4  Usage Notes

11.4.1 Operation of TPC Output Pins

TP, to TP, are multiplexed with 16-bit timer, DMAC, address bus, and other pin functions. When
16-hit timer, DMAC, or address output is enabled, the corresponding pins cannot be used for TPC
output. The data transfer from NDR hits to DR bits takes place, however, regardless of the usage
of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

11.4.2  Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR hits takes place as
follows.

1. NDR hits are always transferred to DR bits at compare match A.

2. At compare match B, NDR hits are transferred only if their value is 0. Bits are not transferred
if their valueis 1.

Figure 11.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Q DR Di= . Q NDR Df~—

TPC output pin

Figure11.9 Non-Overlapping TPC Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. NDR contents should not be altered during the interval from compare match B
to compare match A (the non-overlap margin).

This can be accomplished by having the IMFA interrupt service routine write the next datain
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before
the next compare match B occurs.

Figure 11.10 shows the timing relationships.

Compare
match A

Compare
match B

NDR write

. I A I A

0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
in this interval in this interval
Do not write Do not write
to NDR in this to NDR in this
interval interval

Figure11.10 Non-Overlapping Operation and NDR Write Timing
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Section 12 Watchdog Timer

121  Overview

The H8/3069R has an on-chip watchdog timer (WDT). The WDT has two selectable functions: it
can operate as a watchdog timer to supervise system operation, or it can operate as an interval
timer. Asawatchdog timer, it generates areset signal for the H8/3069R chip if a system crash
allows the timer counter (TCNT) to overflow before being rewritten. In interval timer operation,
aninterval timer interrupt is requested at each TCNT overflow.

12.1.1 Features
WDT features are listed below.

» Selection of eight counter clock sources
@2, /32, /64, @/128, ¢/256, @ /512, /2048, or ¢ /4096

e Interval timer option

« Timer counter overflow generates areset signal or interrupt.
The reset signal is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

» Watchdog timer reset signal resets the entire H8/3069R internally.

The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire H8/3069R internally.

Rev. 5.0, 09/04, page 439 of 978
RENESAS



12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the WDT.

Overflow
™ Read/ | data bus
Interrupt signal <———— Interrupt write [ >
(interval timer) | control control
1
Internal clock sources
2
RSTCSR i
@32
@64
(internal) Clock @128
selector fe——— /256
512
[Legend] @
TCNT:  Timer counter ©2048
TCSR:  Timer control/status register ©/4096
RSTCSR: Reset control/status register
Figure12.1 WDT Block Diagram
12.1.3 Register Configuration
Table 12.1 summarizes the WDT registers.
Table12.1 WDT Registers
Address**
Write*?  Read Name Abbreviation R/W Initial Value
H'FFF8C H'FFF8C Timer control/status register TCSR R/(W)** H'18
H'FFF8D Timer counter TCNT R/W H'00
H'FFF8E H'FFF8F Reset control/status register RSTCSR R/(W)** H'3F
Notes: 1. Lower 20 bits of the address in advanced mode.

2. Write word data starting at this address.
3. Only 0 can be written in bit 7, to clear the flag.
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12.2  Register Descriptions

12.2.1  Timer Counter (TCNT)

TCNT isan 8-hit readable and writable up-counter.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: TCNT is write-protected by a password. For details see section 12.2.4, Notes on Register
Access.

When the TME bitissetto 1in TCSR, TCNT starts counting pulses generated from an internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from

H'FF to H'00), the OVF hitissetto 1in TCSR. TCNT isinitialized to H'00 by areset and when
the TME hit is cleared to 0.
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12.2.2 Timer Control/Status Register (TCSR)

TCSR isan 8-hit readable and writable register. Its functions include selecting the timer mode
and clock source.

Bit 7 6 5 4 3 2 1 0
‘ OVF ‘ wwﬁ‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write ~ R/(W)*  R/W RIW — — RIW RIW RIW
Clock select

These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

Notes: TCSR is write-protected by a password. For details see section 12.2.4, Notes on Register
Access.
* Only 0 can be written, to clear the flag.

Bits 7 to 5 areinitialized to 0 by areset and in standby mode. Bits2 to O areinitialized to 0 by a
reset. In software standby mode bits 2 to O are not initialized, but retain their previous values.
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Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed
from H'FF to H'00.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing 0 in OVF (Initial value)
1 [Setting condition]

Set when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
when TCNT overflows. If used as a watchdog timer, the WDT generates areset signal when
TCNT overflows.

Bit 6

WT/IT  Description

0 Interval timer: requests interval timer interrupts (Initial value)
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted. When WT/IT = 1, clear
the software standby bit (SSBY) to 0in SY SCR before setting TME. When setting SSBY to 1,
TME should be cleared to 0.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting

Bits 4 and 3—Reserved: These bits cannot be modified and are always read as 1.
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Bits2to 0—Clock Select 2 to 0 (CK S2/1/0): These bits select one of eight internal clock
sources, obtained by prescaling the system clock (¢), for input to TCNT.

Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO Description

0 0 0 @2 (Initial value)

©/32

@/64

©/128

©/256

@/512

©/2048

[EnY
o
PlOoOlRr| OlR|O|F

©/4096

12.23 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-bit readable and writable register that indicates when areset signal has been
generated by watchdog timer overflow, and controls external output of the reset signal.

Bit 7 6 5 4 3 2 1 0
west| — [ — | — | = [ -] =] — |
Initial value 0 0 1 1 1 1 1 1

Read/Write  R/W)*  R/W — — — — _ _

Reserved bits

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: RSTCSR is write-protected by a password. For details see section 12.2.4, Notes on
Register Access.
* Only 0 can be written in bit 7, to clear the flag.

Bits 7 and 6 areinitialized by input of areset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.
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Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that
TCNT has overflowed and generated areset signal. This reset signal resets the entire H8/3069R
chip internally.

Bit 7
WRST  Description
0 [Clearing condition]
Reset signal at RES pin.
Read WRST when WRST =1, then write 0 in WRST. (Initial value)
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer operation

Bit 6—Reserved: The write value should always be 0.

Bits5to 0—Reserved: These bits are always read as 1. The write value should always be 1.

12.24 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write. The procedures for writing and reading these registers are given below.

Writingto TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte instructions. Figure 12.2 shows the format of data written to
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be
contained in the lower byte of the written word. The upper byte must contain H'5A (password for
TCNT) or H'A5 (password for TCSR). This transfers the write data from the lower byteto TCNT
or TCSR.

TCNT write 15 8 7 0
Address H'FFF8C* | H'5A ‘ Write data |

TCSR write 15 8 7 0
Address H'FFF8C* | H'A5 ‘ Write data |

Note: * Lower 20 bits of the address in advanced mode.

Figure12.2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by aword transfer instruction. It cannot be
written by byte transfer instructions. Figure 12.3 shows the format of data written to RSTCSR. To
write 0 in the WRST bhit, the write data must have H'A5 in the upper byte and H'00 in the lower
byte. The data (H'00) in the lower byte iswritten to RSTCSR, clearing the WRST hit to 0.

Writing 0 in WRST hit 15 8 7 0
Address  H'FFF8E* H'A5 H'00

Note: * Lower 20 bits of the address in advanced mode.

Figure12.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: These registers are read like other registers. Reading
TCNT, TCSR, and RSTCSR: These registers are read like other registers. Byte transfer
instructions can be used. The read addresses are H'FFF8C for TCSR, H'FFF8D for TCNT, and
H'FFF8F for RSTCSR, aslisted in table 12.2.

Table12.2 Read Addressesof TCNT, TCSR, and RSTCSR

Address* Register
H'FFF8C TCSR
H'FFF8D TCNT
H'FFF8F RSTCSR

Note: * Lower 20 bits of the address in advanced mode.

Rev. 5.0, 09/04, page 446 of 978
RENESAS




123  Operation

Operations when the WDT is used as a watchdog timer and as an interval timer are described
below.

12.3.1 Watchdog Timer Operation

Figure 12.4 illustrates watchdog timer operation. To use the WDT as awatchdog timer, set the
WT/IT and TME bitsto 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT vaue (normally by writing H'00) before overflow occurs. If TCNT fails to be rewritten and
overflows due to a system crash etc., the H8/3069R is internally reset for a duration of 518 states.

A watchdog reset has the same vector as areset generated by input at the RES pin. Software can
distinguish aRES reset from a watchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset takes priority.

WDT overflow

HIFE mmmmmmm oo e e oo
TCNT count TME setto 1
value l
H0OO W —F e A
T \ T / OVF=1 \ T /
Y
Start H'00 written Reset H'00 written
Int | in TCNT in TCNT
nternal
reset signal
518 states

Figure12.4 Operation in Watchdog Timer Mode
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12.3.2 Interval Timer Operation

Figure 12.5 illustrates interval timer operation. To use the WDT as an interval timer, clear bit
WT/IT to 0 and set bit TME to 1 in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. Thisfunction can be used to generate interval timer interrupts at regular
intervals.

HFF -----------m-mmmmm o
TCNT
count value
H00 —f------------
T y \j Y \ y
WT/IT=0 Interval Interval Interval Interval
TME=1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure12.5 Interval Timer Operation
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12.3.3  Timing of Setting of Overflow Flag (OVF)

Figure 12.6 shows the timing of setting of the OVF flag. The OVF flag is set to 1 when TCNT
overflows. At the sametime, areset signal is generated in watchdog timer operation, or an interval
timer interrupt is generated in interval timer operation.

, N L

TCNT H'FF >< H'00

Overflow signal

\

OVF

Figure12.6 Timing of Setting of OVF
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12.3.4  Timing of Setting of Watchdog Timer Reset Bit (WRST)
The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR.

Figure 12.7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is
set to 1 when TCNT overflows and OVF is set to 1. At the sametime an internal reset signal is
generated for the entire H8/3069R chip. Thisinternal reset signal clears OVF to 0, but the WRST
bit remains set to 1. The reset routine must therefore clear the WRST bit.

; ] N

TCNT H'FF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure12.7 Timing of Setting of WRST Bit and Internal Reset
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124  Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOVI). The
interval timer interrupt is requested whenever the OVF bitissetto 1in TCSR.

125 Usage Notes

Contention between TCNT Writeand Increment: If atimer counter clock pulse is generated
during the T, state of awrite cycle to TCNT, the write takes priority and the timer count is not
incremented. See figure 12.8.

TCNT

Internal write
signal

TCNT input
clock

TCNT

CPU: TCNT write cycle

T, Ts T3
i A b e

|

L

X

N ><‘|v|
N

Counter write data

Figure12.8 Contention between TCNT Write and Count up

Changing CK S2 to CK S0 Bit: Halt TCNT by clearing the TME bit to 0 in TCSR before
changing the values of bits CKS2 to CKS0.
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Section 13 Serial Communication Interface

13.1 Overview

The H8/3069R has a serial communication interface (SCI) with three independent channels. All
three channels have identical functions. The SCI can communicate in both asynchronous and
synchronous mode. It also has a multiprocessor communication function for serial
communication among two or more processors.

When the SCI is not used, it can be halted to conserve power. Each SCI channel can be halted
independently. For details, see section 20.6, Module Standby Function.

The SCI also has a smart card interface function conforming to the 1SO/IEC 7816-3 (Identification
Card) standard. This function supports serial communication with a smart card. Switching
between the normal serial communication interface and the smart card interface is carried out by
means of aregister setting.

13.1.1 Features
SCI features are listed below.

» Selection of synchronous or asynchronous mode for serial communication
Asynchronous mode

Serial data communication is synchronized one channel at atime. The SCI can communicate
with a universal asynchronous receiver/transmitter (UART), asynchronous communication
interface adapter (ACIA), or other chip that employs standard asynchronous communication.
It can also communicate with two or more other processors using the multiprocessor
communication function. There are 12 selectable seria data transfer formats.

O Datalength: 7 or 8 bits

0 Stop bit length: 1 or 2 bits

O Parity: even/odd/none

O Multiprocessor hit: lorO

0 Receive error detection: parity, overrun, and framing errors

O Break detection: by reading the RxD level directly when aframing error occurs
Synchronous mode

Serial data communication is synchronized with aclock signal. The SCI can communicate
with other chips having a synchronous communication function.

Thereisasingle serial data communication format.
O Datalength: 8 bits
0 Receive error detection: overrun errors
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e Full-duplex communication

The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneoudly. The transmitting and receiving sections are both double-buffered, so seria
data can be transmitted and received continuousdly.

» Thefollowing settings can be made for the serial datato be transferred:
O LSB-first or MSB-first transfer
O Inversion of datalogic level

» Built-in baud rate generator with selectable bit rates

» Selectable transmit/receive clock sources: internal clock from baud rate generator, or external
clock from the SCK pin

» Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are
requested independently. The transmit-data-empty and receive-data-full interrupts from SCIO
can activate the DMA controller (DMAC) to transfer data.

Features of the smart card interface are listed below.

* Asynchronous communication
0 Datalength: 8 bits
O Parity bits generated and checked
O Error signal output in receive mode (parity error)
O Error signal detect and automatic data retransmit in transmit mode
O Supports both direct convention and inverse convention
* Built-in baud rate generator with selectable bit rates
e Threetypesof interrupts

Transmit-data-empty, receive-data-full, and transmit/receive-error interrupts are requested
independently. The transmit-data-empty and receive-data-full interrupts can activate the DMA
controller (DMAC) to transfer data.
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13.1.2

Block Diagram

Figure 13.1 shows a block diagram of the SCI.

Q
O
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Module data bus _g <> Internal data bus
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] SCMR generator
Transmit/receive * @16
TXD control la— @64
Parity generate | 4 { Clock 1
Parity check
External clock
SCK-=
= TEI
= TXI
= RXI
ERI
[Legend]
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR : Serial status register
BRR : Bit rate register
SCMR : Smart card mode register

Figure13.1 SCI Block Diagram
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13.1.3 Input/Output Pins
The SCI has serial pinsfor each channel aslisted in table 13.1.

Table13.1 SCI Pins

Channel Name Abbreviation 1/0 Function

0 Serial clock pin SCK, Input/output  SCI, clock input/output
Receive data pin RxD, Input SCI, receive data input
Transmit data pin TxD, Output SClI, transmit data output

1 Serial clock pin SCK, Input/output  SCI, clock input/output
Receive data pin RxD, Input SCI, receive data input
Transmit data pin TxD, Output SCI, transmit data output

2 Serial clock pin SCK, Input/output  SCI, clock input/output
Receive data pin RxD, Input SCI, receive data input

Transmit data pin TxD Output SClI, transmit data output

2
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13.1.4 Register Configuration

The SCI hasinternal registersas listed in table 13.2. These registers select asynchronous or
synchronous mode, specify the data format and bit rate, control the transmitter and receiver
sections, and specify switching between the serial communication interface and smart card
interface.

Table13.2 SCI Registers

Channel Address*'  Name Abbreviation R/W Initial Value
0 H'FFFBO Serial mode register SMR R/W H'00
H'FFFB1 Bit rate register BRR R/W H'FF
H'FFFB2 Serial control register SCR R/W H'00
H'FFFB3 Transmit data register TDR R/W H'FF
H'FFFB4 Serial status register SSR R/(W)** H'84
H'FFFB5 Receive data register RDR R H'00
H'FFFB6 Smart card mode register SCMR R/W H'F2
1 H'FFFB8 Serial mode register SMR R/W H'00
H'FFFB9 Bit rate register BRR R/W H'FF
H'FFFBA Serial control register SCR R/W H'00
H'FFFBB Transmit data register TDR R/W H'FF
H'FFFBC Serial status register SSR RI(W)*? H'84
H'FFFBD Receive data register RDR R H'00
H'FFFBE Smart card mode register SCMR R/W H'F2
2 H'FFFCO Serial mode register SMR R/W H'00
H'FFFC1 Bit rate register BRR R/W H'FF
H'FFFC2 Serial control register SCR R/W H'00
H'FFFC3 Transmit data register TDR R/W H'FF
H'FFFC4 Serial status register SSR R/(W)** H'84
H'FFFC5 Receive data register RDR R H'00
H'FFFC6 Smart card mode register SCMR R/W H'F2

Notes: 1. Indicates the lower 20 bits of the address in advanced mode.
2. Only 0 can be written, to clear flags.
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13.2 Register Descriptions

13.21 Receive Shift Register (RSR)

RSR isthe register that receives seria data.

Bit 7 6 5 4 3 2 1 0

Read/Write

The SCI loads serial datainput at the RxD pin into RSR in the order received, LSB (bit 0) first,
thereby converting the datato parallel data. When one byte of data has been received, itis
automatically transferred to RDR. The CPU cannot read or write RSR directly.

13.2.2 Receive Data Register (RDR)

RDR is the register that stores received serial data.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

When the SCI has received one byte of serial data, it transfers the received data from RSR into
RDR for storage, completing the receive operation. RSR isthen ready to receive the next data.
This double-buffering allows data to be received continuously.

RDR isaread-only register. Its contents cannot be modified by the CPU. RDR isinitialized to
H'00 by areset and in standby mode.
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13.2.3 Transmit Shift Register (TSR)

TSR istheregister that transmits serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write

The SCI loads transmit datafrom TDR to TSR, then transmits the data serially from the TxD pin,
LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next transmit
datafrom TDR into TSR and starts transmitting it. If the TDRE flagis set to 1 in SSR, however,
the SCI does not load the TDR contentsinto TSR. The CPU cannot read or write RSR directly.

13.2.4  Transmit Data Register (TDR)

TDRisan 8-bit register that stores data for serial transmission.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write RIW RIW R/W RIW RIW RIW RIW RIW

When the SCI detects that TSR is empty, it moves transmit data written in TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit datain TDR during serial transmission from TSR.

The CPU can alwaysread and write TDR. TDR isinitialized to H'FF by areset and in standby
mode.
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13.25 Serial Mode Register (SMR)

SMRisan 8-bit register that specifiesthe SCl's serial communication format and selects the clock
source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0

| C/A | CHR | PE | O/E | STOP| MP | CKSl| CKSOl
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W RIW RIW RIW RIW RIW RIW RIW

L Clock select 1/0
These bits select the
baud rate generator's
clock source

L Multiprocessor mode
Selects the multiprocessor
function

L Stop bit length
Selects the stop bit length

L Parity mode
Selects even or odd parity

L Parity enable
Enables or disables the addition of a parity bit

- Character length
Selects character length in asynchronous mode

- Communication mode
Selects asynchronous or synchronous mode

The CPU can alwaysread and write SMR. SMRisinitialized to H'00 by areset and in standby
mode.

Bit 7—Communication Mode (C/A)/GSM Mode (GM): The function of this bit differsfor the
normal serial communication interface and for the smart card interface. Its function is switched
with the SMIF bit in SCMR.
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For serial communication interface (SMIF bit in SCMR cleared to 0): Selects whether the SCI
operates in asynchronous or synchronous mode.

Bit 7

C/IA Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

For smart card interface (SMIF bit in SCMR set to 1): Selects GSM mode for the smart card
interface.

Bit 7

GM Description

0 The TEND flag is set 12.5 etu after the start bit (Initial value)
1 The TEND flag is set 11.0 etu after the start bit

Note: etu: Elementary time unit (time required to transmit one bit)

Bit 6—Character Length (CHR): Selects 7-bit or 8-bits data length in asynchronous mode. In
synchronous mode, the data length is 8 bits regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous
mode, the parity bit is neither added nor checked, regardless of the PE bit setting.

Bit 5

PE Description

0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked*

Note: * When PE bitis setto 1, an even or odd parity bit is added to transmit data according to
the even or odd parity mode selection by the O/E bit, and the parity bit in receive data
is checked to see that it matches the even or odd mode selected by the O/E bit.
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Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E bit setting is only valid when the
PE bit is set to 1, enabling parity bit addition and checking, in asynchronous mode. The O/E bit
setting isignored in synchronous mode, or when parity addition and checking is disabled in
asynchronous mode.

Bit 4

O/E Description

0 Even parity** (Initial value)
1 Odd parity**

Notes: 1. When even parity is selected, the parity bit added to transmit data makes an even
number of 1s in the transmitted character and parity bit combined. Receive data must
have an even number of 1s in the received character and parity bit combined.

2. When odd parity is selected, the parity bit added to transmit data makes an odd
number of 1s in the transmitted character and parity bit combined. Receive data must
have an odd number of 1s in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two stop bitsin asynchronous mode. This
setting is used only in asynchronous mode. In synchronous mode no stop bit is added, so the
STOP bit setting isignored.

Bit 3

STOP Description

0 1 stop bit** (Initial value)
1 2 stop bits*?

Notes: 1. One stop bit (with value 1) is added to the end of each transmitted character.
2. Two stop bits (with value 1) are added to the end of each transmitted character.

In receiving, only thefirst stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis 1, it istreated as a stop hit. If the second stop bit is 0, it istreated as the start bit of the
next incoming character.

Bit 2—Multiprocessor Mode (M P): Selects a multiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits areignored. The MP bit setting is
valid only in asynchronous mode. It isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 13.3.3,
Multiprocessor Communication.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected
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Bits 1 and 0—Clock Select 1 and 0 (CK S1/0): These hits select the clock source for the on-chip
baud rate generator. Four clock sources are available: ¢, ¢@/4, ¢/16, and @/64.

For the relationship between the clock source, bit rate register setting, and baud rate, see section
13.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0

CKS1 CKSO0 Description

0 0 [0} (Initial value)
0 1 @4

1 0 @16

1 1 @64
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13.2.6  Serial Control Register (SCR)

SCR register enables or disables the SCI transmitter and receiver, enables or disables serial clock
output in asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock

source.

Bit 7 6 5 4 3 2 1 0
TIE RIE TE RE MPIE TEIE CKE1 CKEO

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W RIW R/W R/W R/W R/W R/W

/
I: Clock enable 1/0

These bits select the
SCI clock source

Transmit-end interrupt enable
Enables or disables transmit-end
interrupts (TEI)

L Multiprocessor interrupt enable
Enables or disables multiprocessor
interrupts

— Receive enable
Enables or disables the receiver

— Transmit enable
Enables or disables the transmitter

- Receive interrupt enable
Enables or disables receive-data-full interrupts (RXI) and

receive-error interrupts (ERI)

L. Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TXI)

The CPU can alwaysread and write SCR. SCRisinitialized to H'00 by areset and in standby
mode.
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Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI) requested when the TDRE flag in SSR is set to 1 due to transfer of serial transmit data from
TDRto TSR.

Bit 7

TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled* (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * TXl interrupt requests can be cleared by reading the value 1 from the TDRE flag, then
clearing it to O; or by clearing the TIE bit to O.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RX1)
requested when the RDRF flag in SSR is set to 1 due to transfer of serial receive data from RSR to
RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6

RIE Description

0 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are disabled*
(Initial value)

1 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are enabled

Note: * RXI and ERI interrupt requests can be cleared by reading the value 1 from the RDRF,
FER, PER, or ORER flag, then clearing the flag to O; or by clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations.

Bit 5

TE Description

0 Transmitting disabled** (Initial value)
1 Transmitting enabled*?

Notes: 1. The TDRE flag is fixed at 1 in SSR.
2. Inthe enabled state, serial transmission starts when the TDRE flag in SSR is cleared to
0 after writing of transmit data into TDR. Select the transmit format in SMR before
setting the TE bit to 1.
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Bit 4—Receive Enable (RE): Enables or disables the start of SCI serial receiving operations.

Bit 4

RE Description

0 Receiving disabled** (Initial value)
1 Receiving enabled**

Notes: 1. Clearing the RE bit to O does not affect the RDRF, FER, PER, and ORER flags. These
flags retain their previous values.

2. Inthe enabled state, serial receiving starts when a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode. Select the receive format
in SMR before setting the RE bit to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is valid only in asynchronous mode, and only if the MP bitissetto 1in
SMR. The MPIE hit setting isignored in synchronous mode or when the MP bit is cleared to O.

Bit 3
MPIE Description
0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)

Clearing conditions
(1) The MPIE bit is cleared to 0
(2) MPB =1 in received data

1 Multiprocessor interrupts are enabled*
Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of
the RDRF, FER, and ORER status flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive
errors, and does not set the RDRF, FER, and ORER flags in SSR. When it receives
data in which MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the
MPIE bit to 0, enables RXI and ERI interrupts (if the TIE and RIE bits in SCR are set to
1), and allows the FER and ORER flags to be set.

Bit 2—Transmit-End interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain valid transmit data when the MSB is transmitted.

Bit 2

TEIE Description

0 Transmit-end interrupt requests (TEI) are disabled* (Initial value)
1 Transmit-end interrupt requests (TEI) are enabled*

Note: * TEl interrupt requests can be cleared by reading the value 1 from the TDRE flag in
SSR, then clearing the TDRE flag to 0, thereby also clearing the TEND flag to 0; or by
clearing the TEIE bit to 0.
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Bits 1 and 0—Clock Enable 1 and 0 (CKEZL1/0): The function of these bits differs for the normal
serial communication interface and for the smart card interface. Their function is switched with
the SMIF bitin SCMR.

For serial communication interface (SMIF bit in SCMR cleared to 0): These bits select the
SCI clock source and enable or disable clock output from the SCK pin. Depending on the settings
of CKE1 and CKEQ, the SCK pin can be used for generic input/output, serial clock output, or
serial clock input.

The CKEOQ setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in synchronous mode, or when an external
clock sourceis selected (CKEL = 1). Select the SCI operating mode in SMR before setting the
CKEL1L and CKEQ bits. For further details on selection of the SCI clock source, seetable 13.9in
section 13.3, Operation.

Bitl BitO
CKE1 CKEO Description

0 0 Asynchronous mode Internal clock, SCK pin available for generic input/output**

Synchronous mode  Internal clock, SCK pin used for serial clock output**

0 1 Asynchronous mode Internal clock, SCK pin used for clock output*®

Synchronous mode Internal clock, SCK pin used for serial clock output

1 0 Asynchronous mode External clock, SCK pin used for clock input*®

Synchronous mode  External clock, SCK pin used for serial clock input

1 1 Asynchronous mode External clock, SCK pin used for clock input*®

Synchronous mode  External clock, SCK pin used for serial clock input

Notes: 1. Initial value
. The output clock frequency is the same as the bit rate.
3. The input clock frequency is 16 times the bit rate.

N
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For smart card interface (SMIF bit in SCMR set to 1): These bits, together with the GM bit in
SMR, determine whether the SCK pinis used for generic input/output or as the serial clock output

pin.

SMR Bitl BitO
GM CKE1l CKEO Description

0 0 0 SCK pin available for generic input/output (Initial value)

SCK pin used for clock output

SCK pin output fixed low

SCK pin output fixed high

0
1
1
1
1

Pl PRr|O|O| O

1
0
1 SCK pin used for clock output
0
1

SCK pin used for clock output
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13.2.7  Serial Status Register (SSR)

SSRisan 8-hit register containing multiprocessor bit values, and status flags that indicate the
operating status of the SCI.

Bit 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER |FER/ERS, PER | TEND | MPB | MPBT |
Initial value 1 0 0 0 0 1 0 0
Read/Write RIW)*T  RIW)*L RIW)*E  RIW)*! RI(W)*! R R RIW

Multiprocessor bit
transfer

Value of multiprocessor
bit to be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

L Transmit end*?
Status flag indicating end of
transmission

L Parity error
Status flag indicating detection
of a receive parity error

— Framing error (FER)/Error signal status (ERS)*2
Status flag indicating detection of a receive framing
error, or flag indicating detection of an error signal

— Overrun error
Status flag indicating detection
of a receive overrun error

— Receive data register full
Status flag indicating that data has been received

and stored in RDR

— Transmit data register empty
Status flag indicating that transmit data has been transferred from

TDR into TSR and new data can be written in TDR

Notes: 1. Only 0 can be written, to clear the flag.
2. Function differs between the normal serial communication interface and the smart card interface.

The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER,
and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1.
The TEND and MPB flags are read-only bits that cannot be written.

SSRisinitialized to H'84 by areset and in standby mode.
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Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has |oaded transmit data
from TDR into TSR and the next serial data can be written in TDR.

Bit 7
TDRE Description
0 TDR contains valid transmit data
[Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE
The DMAC writes data in TDR
1 TDR does not contain valid transmit data (Initial value)

[Setting conditions]

The chip is reset or enters standby mode

The TE bitin SCR is cleared to 0

TDR contents are loaded into TSR, so new data can be written in TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6
RDRF Description
0 RDR does not contain new receive data (Initial value)
[Clearing conditions]
The chip is reset or enters standby mode
Read RDRF when RDRF = 1, then write 0 in RDRF
The DMAC reads data from RDR
1 RDR contains new receive data
[Setting condition]
Serial data is received normally and transferred from RSR to RDR
Note: The RDR contents and the RDRF flag are not affected by detection of receive errors or by

clearing of the RE bhitto 0 in SCR. They retain their previous values. If the RDRF flag is
still set to 1 when reception of the next data ends, an overrun error will occur and the
receive data will be lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an
overrun error.

Bit 5
ORER Description
0 Receiving is in progress or has ended normally** (Initial value)

[Clearing conditions]
The chip is reset or enters standby mode
Read ORER when ORER = 1, then write 0 in ORER

1 A receive overrun error occurred*?
[Setting condition]
Reception of the next serial data ends when RDRF = 1

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains its
previous value.

2. RDR continues to hold the receive data prior to the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while the ORER flag is set to 1.
In synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER)/Error Signal Status (ERS): The function of this bit differsfor the
normal serial communication interface and for the smart card interface. Its function is switched
with the SMIF bit in SCMR.

For serial communication interface (SMIF bit in SCMR cleared to 0): Indicates that data
reception ended abnormally due to a framing error in asynchronous mode.

Bit 4
FER Description
0 Receiving is in progress or has ended normally** (Initial value)

[Clearing conditions]
The chip is reset or enters standby mode
Read FER when FER = 1, then write 0 in FER

1 A receive framing error occurred*?
[Setting condition]
The stop bit at the end of the receive data is checked and found to be 0

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous
value.

2. When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is
not checked. When a framing error occurs the SCI transfers the receive data into RDR
but does not set the RDRF flag. Serial receiving cannot continue while the FER flag is
setto 1. In synchronous mode, serial transmitting is also disabled.
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For smart card interface (SMIF bit in SCMR set to 1): Indicates the status of the error signal
sent back from the receiving side during transmission. Framing errors are not detected in smart
card interface mode.

Bit 4
ERS Description
0 Normal reception, no error signal* (Initial value)

[Clearing conditions]
The chip is reset or enters standby mode
Read ERS when ERS =1, then write 0 in ERS

1 An error signal has been sent from the receiving side indicating detection of a
parity error
[Setting condition]
The error signal is low when sampled

Note: * Clearing the TE bit to O in SCR does not affect the ERS flag, which retains its previous
value.

Bit 3—Parity Error (PER): Indicates that data reception ended abnormally due to a parity error
in asynchronous mode.

Bit 3
PER Description
0 Receiving is in progress or has ended normally** (Initial value)

[Clearing conditions]
The chip is reset or enters standby mode
Read PER when PER =1, then write 0 in PER

1 A receive parity error occurred*?
[Setting condition]
The number of 1s in receive data, including the parity bit, does not match the
even or odd parity setting of O/E in SMR

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains its previous
value.

2. When a parity error occurs the SCI transfers the receive data into RDR but does not
set the RDRF flag. Serial receiving cannot continue while the PER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): The function of this bit differs for the normal serial
communication interface and for the smart card interface. Itsfunction is switched with the SMIF
bit in SCMR.

For serial communication interface (SMIF bit in SCMR cleared to 0): Indicates that when the
last bit of aserial character was transmitted TDR did not contain valid transmit data, so
transmission has ended. The TEND flag is aread-only bit and cannot be written.

Rev. 5.0, 09/04, page 472 of 978
RENESAS



Bit 2
TEND Description

0 Transmission is in progress
[Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE
The DMAC writes data in TDR

1 End of transmission (Initial value)
[Setting conditions]
The chip is reset or enters standby mode
The TE bit in SCR is cleared to 0
TDRE is 1 when the last bit of a 1-byte serial transmit character is transmitted

For smart card interface (SMIF bit in SCMR set to 1): Indicates that when the last hit of a
serial character was transmitted TDR did not contain valid transmit data, so transmission has
ended. The TEND flag isaread-only bit and cannot be written.

Bit 2
TEND Description
0 Transmission is in progress

[Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE
The DMAC writes data in TDR

1 End of transmission (Initial value)
[Setting conditions]
The chip is reset or enters standby mode
The TE bit is cleared to 0 in SCR and the FER/ERS bit is also cleared to 0
TDRE is 1 and FER/ERS is 0 (normal transmission) 2.5 etu (when GM = 0) or
1.0 etu (when GM = 1) after a 1-byte serial character is transmitted

Note: etu: Elementary time unit (time required to transmit one bit)

Bit 1—Multiprocessor bit (M PB): Storesthe value of the multiprocessor bit in the receive data
when amultiprocessor format is used in asynchronous mode. MPB is aread-only bit, and cannot
be written.

Bit 1

MPB Description

0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: * If the RE bit in SCR is cleared to 0 when a multiprocessor format is selected, MPB
retains its previous value.
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Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format in selected for transmitting in asynchronous mode.

The MPBT bit setting isignored in synchronous mode, when a multiprocessor format is not
selected, or when the SCI cannot transmit.

Bit 1

MPBT Description

0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1

13.2.8 Bit Rate Register (BRR)

BRRisan 8-hit register that, together with the CKS1 and CKS0 bitsin SMR that select the baud
rate generator clock source, determines the serial communication bit rate.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The CPU can alwaysread and write BRR. BRR isinitialized to H'FF by areset and in standby
mode. Each SCI channel has independent baud rate generator control, so different values can be
set in the three channels.

Table 13.3 shows examples of BRR settings in asynchronous mode. Table 13.4 shows examples
of BRR settingsin synchronous mode.
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Table13.3 Examplesof Bit Ratesand BRR Settingsin Asynchronous M ode

¢ (MHz)
Bit Rate 10 12 12.288 13
(bit/s) n N Error (%) n N Error (%) n N Error (%) n N Error (%)
110 2 177 -0.25 2 212 0.03 2 217 0.08 2 230 -0.08
150 2 129 0.16 2 155 0.16 2 159 0.00 2 168 0.16
300 2 64 0.16 2 77 0.16 2 79 0.00 2 84 -043
600 1 129 0.16 1 155 0.16 1 159 0.00 1 168 0.16
1200 1 64 0.16 1 77 0.16 1 79 0.00 1 84 -043
2400 0 129 0.16 0 155 0.16 0 159 0.00 0 168 0.16
4800 0 64 0.16 o 77 0.16 0 79 0.00 0 84 -043
9600 0 32 -1.36 0 38 0.16 0 39 0.00 0 4 0.76
19200 0 15 1.73 0 19 -234 0 19 0.00 0 20 0.76
31250 0 9 0.00 0 11 0.00 0 11 2.40 0 12 0.00
38400 0 1.73 0 9 -2.34 0 9 0.00 0 10 -3.82

@ (MHz)
Bit Rate 14 14.7456 16 18
(bit/s) n N Error (%) n N Error (%) n N Error(%) n N Error (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 79 -0.12
150 2 181 0.16 2 191 0.00 2 207 0.16 2 233 0.16
300 2 90 0.16 2 95 0.00 2 103 0.16 2 116 0.16
600 1 181 0.16 1 191 0.00 1 207 0.16 1 233 0.16
1200 1 90 0.16 1 95 0.00 1 103 0.16 1 116 0.16
2400 0 181 0.16 0 191 0.00 0 207 0.16 0 233 0.16
4800 0 90 0.16 0 95 0.00 0 103 0.16 0 116 0.16
9600 0 45 -0.93 0 47 0.00 0 51 0.16 0 58 -0.69
19200 0 22 -0.93 0 23 0.00 0 25 0.16 0 28 1.02
31250 0 13 0.00 0 14 -1.70 0 15 0.00 0o 17 0.00
38400 0 10 3.57 0 11 0.00 0 12 0.16 0 14 -234
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¢ (MHz)

Bit Rate 20 25
(bit/s) n N Error(%) n N Error (%)
110 3 88 -0.25 3 110 -0.02
150 3 64 0.16 3 80 0.47
300 2 129 0.16 2 162 -0.15
600 2 64 0.16 2 80 0.47
1200 1 129 0.16 1 162 -0.15
2400 1 64 0.16 1 80 0.47
4800 0 129 0.16 0 162 -0.15
9600 0 64 0.16 0 80 0.47
19200 0 32 -1.36 0 40 -0.76
31250 0 19 0.00 0 24 0.00
38400 0 15 1.73 0 19 1.73
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Table13.4 Examplesof Bit Ratesand BRR Settingsin Synchronous Mode

Bit @ (MHz)

Rate 10 13 16 18 20 25

(bit/s)  n N n N n N n N n N n N
110 — — — — — — — — — — — —
250 — — 3 202 3 249 — — — — — —
500 — — 3 101 3 124 3 140 3 155 — —
1k — — 2 202 2 249 3 69 3 77 3 97
2.5k 1 249 2 80 2 99 2 112 2 124 2 155
5k 1 124 1 162 1 199 1 224 1 249 2 77
10k 0 249 1 80 1 99 1 112 1 124 1 155
25k 0 99 0 129 0 159 0 179 0 199 0 249
50k 0 49 0 64 0 79 0 89 0 99 0 124
100k 0 24 — — 0 39 0 44 0 49 0 62
250k 0 0 12 0 15 0 17 0 19 0 24
500k 0 — — 0 0 0 — —
M — — — — 0 3 0 0 — —
2M — — — — 0 — — — — — —
2.5M 0 0* — — — — — — — — — —
aM 0 o* — — — — — —
Note: Settings with an error of 1% or less are recommended.

[Legend]

Blank : No setting available
— Setting possible, but error occurs
* Continuous transmission/reception not possible
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The BRR setting is calculated as follows:

Asynchronous mode;
N = ? < 105-1
64+ 221 B
Synchronous mode;
N = ¢ .« 105-1
8e221le B
B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
@. System clock frequency (MHZz)
n: Baud rate generator clock source (n=0, 1, 2, 3)

(For the clock sources and values of n, see the following table.)

SMR Settings

n Clock Source CKs1 CKSO
0 [0) 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows:

3 1 6
Error (%) = ¢-10 -1, <100
(N+1)eBe 64221
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Table 13.5 shows the maximum bit rates in asynchronous mode for various system clock
frequencies. Table 13.6 and 13.7 shows the maximum bit rates with external clock input.

Table13.5 Maximum Bit Ratesfor Various Frequencies (Asynchronous Mode)

Settings
¢ (MHz) Maximum Bit Rate (bit/s) n N
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
20 625000 0 0
25 781250 0 0

Table13.6 Maximum Bit Rateswith External Clock Input (Asynchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
20 5.0000 312500
25 6.2500 390625
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Table 13.7 Maximum Bit Rateswith External Clock Input (Synchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3
25 4.1667 4166666.7
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13.3  Operation

13.3.1 Overview

The SCI can carry out serial communication in two modes. asynchronous mode in which
synchronization is achieved character by character, and synchronous mode in which
synchronization is achieved with clock pulses. A smart card interface is also supported as a serial
communication function for an IC card interface.

Selection of asynchronous or synchronous mode and the transmission format for the normal serial
communication interface ismade in SMR, as shown in table 13.8. The SCI clock sourceis
selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 13.9.

For details of the procedures for switching between L SB-first and M SB-first mode and inverting
the datalogic level, see section 14.2.1, Smart Card Mode Register (SCMR).

For selection of the smart card interface format, see section 14.3.3, Data Format.
Asynchronous Mode

» Datalength is selectable: 7 or 8 bits
» Parity and multiprocessor bits are selectable, and so is the stop bit length (1 or 2 bits). These
sel ections determine the communication format and character length.

» Inreceiving, it ispossible to detect framing errors, parity errors, overrun errors, and the break
state.

« Aninterna or externa clock can be selected as the SCI clock source.

0 When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with a frequency matching the bit rate.

O When an external clock is selected, the external clock input must have a frequency 16
times the bit rate. (The on-chip baud rate generator is not used.)

Synchronous Maode

*  The communication format has a fixed 8-bit data length.
e Inreceiving, it is possible to detect overrun errors.
« Aninternal or external clock can be selected as the SCI clock source.
O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal to external devices.
O When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Smart Card Interface

* Oneframe consists of 8-bit data and a parity bit.

e Intransmitting, a guard time of at least two elementary time units (2 etu) is provided between
the end of the parity bit and the start of he next frame. (An elementary time unit is the time
required to transmit one bit.)

» Inreceiving, if aparity error is detected, alow error signal level isoutput for 1 etu, beginning
10.5 etu after the start bit.

e Intransmitting, if an error signal is received, the same data is automatically transmitted again
after at least 2 etu.

*  Only asynchronous communication is supported. There isno synchronous communication
function.

For details of smart card interface operation, see section 14, Smart Card Interface.

Table13.8 SMR Settingsand Serial Communication For mats

SMR Settings SCI Communication Format
Multi-
pro-
Bit7 Bit6 Bit2 Bit5 Bit3 Data cessor Parity Stop Bit
C/A CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asyn- 8-bitdata Absent Absent 1 hit
1 chronous 2 bits
mode
1 0 Present 1 bit
1 2 bits
1 0 0 7-bit data Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
0 1 — 0 Asyn- 8-bitdata Present Absent 1 hit
_ 1 chronous 2 bits
mode (multi- ————— -
— 1 format) 2 bits
1 — — — — Syn- 8-bit data  Absent None
chronous
mode

Rev. 5.0, 09/04, page 482 of 978
RENESAS



Table13.9 SMR and SCR Settings and SCI Clock Source Selection

SMR  SCR Setting SCI Transmit/Receive clock
Bit7 Bitl BitO
C/A CKE1l CKEO Mode Clock Source SCK Pin Function
0 0 0 Asynchronous Internal SCI does not use the SCK pin
1 mode Outputs clock with frequency matching the
bit rate
1 0 External Inputs clock with frequency 16 times the bit
1 rate
1 0 0 Synchronous  Internal Outputs the serial clock
1 mode
1 0 External Inputs the serial clock
1

13.3.2  Operation in Asynchronous Mode

In asynchronous mode, each transmitted or received character begins with a start bit and ends with
one or two stop bits. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full-duplex communication
ispossible. The transmitter and the receiver are both double-buffered, so data can be written and
read while transmitting and receiving are in progress, enabling continuous transmitting and
receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication line is normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit
(high or low), and one or two stop bits (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit
rate. Receive dataislatched at the center of each bit.
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Idle (mark) state

1 (LSB) (MSB) 1
Serial 0 DO D1 D2 D3 D4 D5 D6 D7 0/1 1 1
data

Start Parity .
; . Stop bit(s
bit Transmit or receive data bit P bits)
1 bit 7 or 8 bits 1 bit, 1 or 2 hits
or
One unit of data (character or frame) none

Figure13.2 Data Format in Asynchronous Communication

(Example: 8-Bit Data with Parity and 2 Stop Bits)

Communication Formats: Table 13.10 shows the 12 communication formats that can be selected
in asynchronous mode. The format is selected by settingsin SMR.
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Table 13.10 Serial Communication Formats (Asynchronous M ode)

SMR Settings Serial Communication Format and Frame Length
CHR PE MP STOP I1|2|3|4|5|6|7|8|9|10|11|12I
0 0 0 0 S 8-bit data STOP
0 0 0 1 S 8-bit data STOP| STOP
0 1 0 0 | S 8-bit data P |sTOP
0 1 0 1 | S 8-bit data P STOP|STOP
1 0 0 0 | S 7-bit data STOP
1 0 0 1 S 7-bit data STOPl STOP
1 1 0 0 S 7-bit data P |sTop
1 1 0 1 | S 7-bit data P STOP|STOP
0 — 1 0 | S 8-bit data MPB |sTop
0 — 1 1 | S 8-bit data MPB STOPlSTOP
1 — 1 0 | S 7-bit data MPB | STOP
1 — 1 1 | S 7-bit data MPB STOPlSTOP
[Legend]
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in SMR and bits CKE1 and CKEO in SCR. For details of SCI clock source
selection, see table 13.9.

When an external clock isinput at the SCK pin, it must have a frequency 16 times the desired bit
rate.

When the SCI is operated on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock isequal to the bit rate. The phaseis aligned as shown in figure 13.3
so that the rising edge of the clock occurs at the center of each transmit data bit.

Ly yyry

0 DO| D1 | D2 | D3 | D4 | D5 | D6 | D7 | 0O/1 1 1

| 1frame o

= -

Figure 13.3 Phase Relationship between Output Clock and Serial Data
(Asynchronous M ode)

Transmitting and Receiving Data:

e SCl Initialization (Asynchronous Mode): Before transmitting or receiving data, clear the TE
and RE bitsto 0 in SCR, then initialize the SCI asfollows.
When changing the communication mode or format, always clear the TE and RE bitsto 0
before following the procedure given below. Clearing TE to 0 setsthe TDRE flag to 1 and
initializes TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags, or RDR, which retain their previous contents.
When an external clock is used the clock should not be stopped during initialization or
subsequent operation, since operation will be unreliable in this case.
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Figure 13.4 shows a sample flowchart for initializing the SCI.

( Start of initialization )

Clear TE and RE bits

to 0in SCR
Set CKE1 and CKEQ bits in SCR (1) Setthe clock source in SCR. Clear the
(leaving TE and RE bits (1) RIE, TIE, TEIE, MPIE, TE, and RE bits to
cleared to 0) 0. If clock output is selected in asynchro-

[ nous mode, clock output starts immedi-
ately after the setting is made in SCR.

Select communication format )

in SlMR (2) Select the communication format in SMR.
| Set value in BRR |(3)
Wait (3)  Write the value corresponding to the bit
< rate in BRR.

This step is not necessary when an

No external clock is used.
1-bit interval elapsed?

(4) Wait for at least the interval required to
Yes transmit or receive one bit, then set the
Set TE or RE bit to 1 in SCR 4) TE or RE bitto 1 in SCR. Set the RIE,
TIE, TEIE, and MPIE bits as necessary.
Set the RIE, TIE, TEIE, and . i
: Setting the TE or RE bit enables the SCI
MPIE bits .
to use the TxD or RxD pin.

<End of initialization>

Note: In simultaneous transmitting and receiving, the TE and RE bits should be cleared to
0 or set to 1 simultaneously.

Figure 13.4 Sample Flowchart for SCI Initialization
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e Transmitting Serial Data (Asynchronous Mode): Figure 13.5 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

| Initialize

L Start transmitting )

<

|  Read TDREflagin SSR |

TDRE=1

Yes

Write transmit data in TDR
and clear TDRE flag to 0 in SSR

All data transmitted?
Y

|

— Yes

|  Read TENDflagin SSR |

Yes

Output break signal?

Yes

Clear DR bit to 0 and set
DDR bitto 1

Clear TE bitto 0 in SCR

<

 /
<End>

@)

2

@)

(4)

@)

@

(©)

4)

SCl initialization:

the transmit data output function of the TxD pin is
selected automatically.

Transmission is possible after the TE bit is setto 1
and 1 is output for one frame.

SCI status check and transmit data write:

read SSR and check that the TDRE flag is set to 1,
then write transmit data in TDR and clear the TDRE
flag to 0.

To continue transmitting serial data:

after checking that the TDRE flag is 1, indicating that
data can be written, write data in TDR, then clear the
TDRE flag to 0. When the DMAC is activated by a
transmit-data-empty interrupt request (TXI) to write
data in TDR, the TDRE flag is checked and cleared
automatically.

To output a break signal at the end of serial
transmission:

set the DDR bit to 1 and clear the DR bit to 0, then
clear the TE bit to 0 in SCR.

Figure13.5 Sample Flowchart for Transmitting Serial Data
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In transmitting seria data, the SCI operates as follows:

* The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0, the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

« After loading the data from TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bitissetto 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

Seria transmit data is transmitted in the following order from the TxD pin:

O Start bit: One 0 bit is output.

0 Transmit data: 7 or 8 bits are output, LSB first.

O Parity bit or multiprocessor bit: One parity bit (even or odd parity),or one multiprocessor
bit is output. Formatsin which neither a parity bit nor a multiprocessor bit is output can
also be selected.

O Stop hit(s): One or two 1 hits (stop bits) are output.

O Mark state: Output of 1 bits continues until the start bit of the next transmit data.

» The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads new datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, outputs the stop
bit, then continues output of 1 bitsin the mark state. If the TEIE bitissetto1in SCR, a
transmit-end interrupt (TEI) isrequested at thistime.

Figure 13.6 shows an example of SCI transmit operation in asynchronous mode.

. Data Parity Stop Start Data Parity Stop
1 Startbit bit  bit _bit bt _bit 1
0 DO D1 D7 | 0/1 1 0 DO | D1 D7 | 0/1 1
{ § { § Idle state
(mark state)
TDRE "
/
TEND o .
B 1 frame -~
TXlinterrupt  TXI interrupt handler TXI interrupt TEl interrupt
request writes data in TDR and request request

clears TDRE flag to O

Figure 13.6 Example of SCI Transmit Operation in Asynchronous M ode
(8-Bit Data with Parity and One Stop Bit)
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e Receiving Serial Data (Asynchronous Mode): Figure 13.7 shows a sample flowchart for
receiving seria data and indicates the procedure to follow.

|

| Initialize

Start receiving

Vl

Read ORER, PER, and FER
flags in SSR

PEROFEROOPER =1

@

3)

| Read RDRF flag in SSR

e

Yes

|@

Read receive data from RDR, and
clear RDRF flag to 0 in SSR

No
All data received? (5)

Yes

|  ClearREbitto0inSCR |

<End>

Error handling

(continued on next page)

@

(2O)

(4)

©)

SCl initialization:
the receive data input function of the RxD
pin is selected automatically.

Receive error handling and break detection:
if a receive error occurs, read the ORER,
PER, and FER flags in SSR to identify the
error. After executing the necessary error
handling, clear the ORER, PER, and FER
flags all to 0. Receiving cannot resume if
any of these flags remains setto 1. When a
framing error occurs, the RxD pin can be
read to detect the break state.

SCI status check and receive data read:
read SSR, check that the RDRF flag is set
to 1, then read receive data from RDR and
clear the RDRF flag to 0. Notification that
the RDRF flag has changed from 0 to 1 can
also be given by the RXI interrupt.

To continue receiving serial data:

check the RDRF flag, read RDR, and clear
the RDREF flag to 0 before the stop bit of the
current frame is received. When the DMAC
is activated by a receive-data-full interrupt
request (RXI) to read RDR, the RDRF flag
is cleared automatically.

Figure 13.7 Sample Flowchart for Receiving Serial Data (1)
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®)

( Error handling )

No

Yes

Overrun error handling

Break? Yes

No \

Framing error handling Clear RE bit to 0 in SCR

No
PER=1

Yes

Parity error handling

A

Clear ORER, PER, and FER flags
to 0in SSR

<End>

Figure 13.7 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows:

» The SCI monitors the communication line. When it detects a start bit (0 bit), the SCI
synchronizes internally and starts receiving.

* Receive datais stored in RSR in order from LSB to MSB.
» The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks:

O Parity check: The number of 1sin the receive data must match the even or odd parity
setting of in the O/E bit in SMR.

O Stop hit check: The stop bit value must be 1. If there are two stop hits, only thefirstis
checked.

O Status check: The RDRF flag must be O, indicating that the receive data can be transferred
from RSR into RDR.

If these all checks pass, the RDRF flag is set to 1 and the received datais stored in RDR. If

one of the checksfails (receive error*), the SCI operates as shown in table 13.11.

Note: * When areceive error occurs, further receiving isdisabled. In receiving, the RDRF flag
isnot set to 1. Be sureto clear the error flagsto 0.
* Whenthe RDRFflagisset to 1, if the RIE bit is set to 1 in SCR, areceive-data-full interrupt
(RXI) isrequested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in SCR isaso
set to 1, areceive-error interrupt (ERI) is requested.

Table 13.11 Receive Error Conditions

Receive Error Abbreviation Condition Data Transfer
Overrun error ORER Receiving of next data ends while Receive data is not transferred
RDRF flag is still setto 1 in SSR  from RSR to RDR
Framing error FER Stop bitis 0 Receive data is transferred from
RSR to RDR
Parity error PER Parity of received data differs from Receive data is transferred from

even/odd parity setting in SMR RSR to RDR
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Figure 13.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Stop Parity Stop
1 bt Data bit  bit bit Dala  pit * pit it 1
0 DO D1 D7 | 0/1 1 0 DO | D1 D7 | 0/1 1
{ { § Idle (mark) state
RDRF .
FER {6 { §
RXIrequest| RXI interrupt handler
reads data in RDR and Framing error,
1 frame clears RDRF flag to O ERI request

Figure 13.8 Example of SCI Receive Operation
(8-Bit Data with Parity and One Stop Bit)

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using aformat with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A serid
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes 1D-sending cycles from data-sending
cycles.

The transmitting processor stars by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. Processors with IDs not matching the received data skip further incoming
data until they again receive data with the multiprocessor bit set to 1. Multiple processors can
send and receive datain this way.

Figure 13.9 shows an example of communication among different processorsusing a
multiprocessor format.
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Communication Formats: Four formats are available. Parity bit settings are ignored when a
multiprocessor format is selected. For details see table 13.10.

Clock: See the description of asynchronous mode.

Transmitting
processor
\] Serial communication line
i 1 1 1
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID=02) (ID=03) (ID=04)

Serial data |

L [ wor | Ll s | | ]
| (MPB=1) (MPB=0)
[

Lot ) -

) I - 1
ID-sending cycle: Data-sending cycle:

receiving processor address  data sent to receiving processor
specified by ID

[Legend]
MPB : Multiprocessor bit

Figure 13.9 Example of Communication among Processor s using Multiprocessor For mat
(Sending Data H'AA to Receiving Processor A)

Transmitting and Receiving Data:

» Transmitting Multiprocessor Serial Data: Figure 13.10 shows a sample flowchart for
transmitting multiprocessor serial data and indicates the procedure to follow.
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| Initialize | @
|

( Start transmitting )

|  Read TDREflaginSSR | | (2

TDRE =1

Yes

No

Write transmit data in TDR
and set MPBT bit in SSR

| Clear TDRE flag to 0

All data transmitted?

Yes

\

No 3)

-
-«

| Read TEND flag in SSR

Yes

(4)

|Clear DR bit to 0 and set DDR to 1|

|  Clear TE bitto 0in SCR

4

y
<End>

@

@)

®)

(4)

SCl initialization:
the transmit data output function of the TxD pin
is selected automatically.

SCI status check and transmit data write:

read SSR, check that the TDRE flag is 1, then
write transmit data in TDR. Also set the MPBT
flag to O or 1 in SSR. Finally, clear the TDRE
flag to 0.

To continue transmitting serial data:

after checking that the TDRE flag is 1,
indicating that data can be written, write data
in TDR, then clear the TDRE flag to 0. When
the DMAC is activated by a transmit-data-
empty interrupt request (TXI) to write data in
TDR, the TDRE flag is checked and cleared
automatically.

To output a break signal at the end of serial
transmission:

set the DDR bit to 1 and clear the DR bit to O,
then clear the TE bit to 0 in SCR.

Figure 13.10

Sample Flowchart for Transmitting M ultiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows:

* The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0, the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

» After loading the data from TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bitissetto 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

Seria transmit data is transmitted in the following order from the TxD pin:

O Start bit: One 0 bit is output.

0 Transmit data: 7 or 8 bits are output, LSB first.

O Multiprocessor hit: One multiprocessor bit (MPBT value) is output.

O Stop hit(s): One or two 1 hits (stop bits) are output.

O Mark state: Output of 1 bits continues until the start bit of the next transmit data.

» The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads new datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, outputs the stop
bit, then continues output of 1 bitsin the mark state. If the TEIE bitissetto1in SCR, a
transmit-end interrupt (TEI) isrequested at thistime.

Figure 13.11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-

Start Data processor S_tOP Start Data processor S_top
1 bit bit bit bit bit bit
) L]
0 DO | D1 D7 | 0/1 1 0 DO | D1 D7 |01 | 1
{ § { § Idle (mark)
state
TDRE ‘e v
A i A
TEND » »
TXI interrupt TXI interrupt handler TXI interrupt
request writes data in TDR and request
clears TDRE flag to O TEl interrupt
- - request
1 frame

Figure13.11 Example of SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)

* Receiving Multiprocessor Serial Data: Figure 13.12 shows a sample flowchart for receiving
multiprocessor serial data and indicates the procedure to follow.

Rev. 5.0, 09/04, page 496 of 978
RENESAS




| Initialize (1) (1) SClinitialization:
the receive data input function of the

Start receiving RxD pin is selected automatically.

,l (2) D receive cycle:

set the MPIE bit to 1 in SCR.
|  SetMPIEbitto1inSCR  [(2)

| (3) SCl status check and ID check:
read SSR, check that the RDRF flag
Read OREiIr? gg(li?FER flags is set to 1, then read data from RDR

and compare it with the processor's
FEROORER =1
(4) SCl status check and data receiving:

own ID. If the ID does not match, set
Read RDRF flag in SSR (3) read SSR, check that the RDRF flag

RDRF flag to 0. If the ID matches,
clear the RDRF flag to 0.

the MPIE bit to 1 again and clear the
is set to 1, then read data from RDR.

(5) Receive error handling and break
detection:
if a receive error occurs, read the
ORER and FER flags in SSR to
identify the error. After executing the
Read RDRF flag in SSR necessary error handling, clear the

ORER and FER flags both to 0.
Receiving cannot resume while either
the ORER or FER flag remains set to
1. When a framing error occurs, the
RxD pin can be read to detect the
break state.

Read ORER and FER flags
in SSR

FEROORER =1

Read RDRF flag in SSR (4)

*

Read receive data from RDR

Y

— LS
Finished receiving? Y5

Error handling

[ ClearREbitto0inSCR | (Continued on next page)

<End>

Figure13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (1)
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(5)

Error handling

Yes

| Overrun error handling |

No FER>

Yes

No Y

| Clear RE bit to 0 in SCR

| Framing error handling |

!

Clear ORER, PER, and FER
flags to 0 in SSR

4
<End>

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (2)
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Figure 13.13 shows an example of SCI receive operation using a multiprocessor format.

Start Stop  Start Stop
1 bit Data (ID1) MPB pit bit Data (datal) MPB  pjt 1
0 [po| b1’ ] b7 0 [po|b1]| | D7 1
o [T o Tor[a T+ o[ oi L 071017 (g0 mam
state
MPIE "
RDRF 3 | | o
§ § / / 83 R
RDR value ID1
MPB detection  RXI interrupt RXI interrupt handler reads  Not own ID, so MPIE ~ No RXI interrupt
MPIE =0 request RDR data and clears bit is set to 1 again request, RDR not
(multiprocessor RDRF flag to 0 updated
interrupt)
a. Own ID does not match data
Start Stop  Start Stop
1 bit Data (ID2) MPB  pit bit Data (datal) MPB it 1
[ o foofloi [ |Io7[ 1 [ a2 ofpo|ot|[ [or|[ of:1
35 i Idle (mark)
state
MPIE |
" A
RDRF | | | |
RDR value ID1 X D2 X | pataz
MPB detection  RXI interrupt RXI interrupt handler Own ID, so receiving MPIE bit is set to
MPIE =0 request reads RDR data and continues, with data 1 again
(multiprocessor clears RDRF flag to 0 received by RXI
interrupt) interrupt handler

b. Own ID matches data

Figure 13.13 Example of SCI Receive Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)

13.34  Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full-
duplex communication is possible. The transmitter and the receiver are also double-buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving isin progress.
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Figure 13.14 shows the general format in synchronous serial communication.

B One unit (character or frame) of transfer data _
I P x
Serial clock | | | | | | | | | | | | | | |
LSB MSB
Serialdata 4 X Bit0 X Bit 1 X Bit 2 X Bit 3X Bit 4 X Bit 5 X Bit6 X Bit 7 X 4
T T
Don't care Don't care

Note: * High except in continuous transmitting or receiving

Figure 13.14 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is placed on the communication line from one
falling edge of the serial clock to the next. Datais guaranteed valid at the rise of the serial clock.
In each character, the serial data bits are transferred in order from LSB (first) to MSB (last). After
output of the MSB, the communication line remains in the state of the MSB. In synchronous
mode the SCI receives data by synchronizing with the rise of the serial clock.

Communication Format: The datalength isfixed at 8 bits. No parity bit or multiprocessor bit
can be added.

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected by means of the C/A bit in SMR and the CKE1 and CKEO bits
in SCR. Seetable 13.6 for details of SCI clock source selection.

When the SCI operates on an internal clock, it outputs the clock source at the SCK pin. Eight
clock pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remainsin the high state. If receiving in single-character unitsis
required, an external clock should be selected.

Transmitting and Receiving Data:

» SClI Initiaization (Synchronous Mode): Before transmitting or receiving data, clear the TE and
RE bitsto 0 in SCR, then initialize the SCI as follows.
When changing the communication mode or format, always clear the TE and RE bitsto 0
before following the procedure given below. Clearing TE to 0 setsthe TDRE flag to 1 and
initializes TSR. Note that clearing RE to 0, however, does not initialize the RDRF, PER, and
ORE flags, or RDR, which retain their previous contents.
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Figure 13.15 shows a sample flowchart for initializing the SCI.

( Start of initialization ) (1)  Set the clock source in SCR. Clear the RIE,
TIE, TEIE, MPIE, TE, and RE bits to 0.*

| Clear TE and RE bits o 0 in SCR | (2) Select the communication format in SMR.

(3) Write the value corresponding to the bit rate in

BRR.
This step is not necessary when an external
Set RIE, TIE, TEIE, MPIE, CKEL1, clock is used
and CKEQ bits in SCR (leaving | (

TE and RE bits cleared to 0) (4) Wait for at least the interval required to transmit
| or receive one bit, then set the TE or RE bit to
Select communication format 1_|n SCR.* Set the RIE,.TIE, TEIE, and MPlE
in SMR ) bits as necessary. Setting the TE or RE bit

| enables the SCI to use the TxD or RxD pin.

| Set value in BRR | 3) Note: * In simultaneous transmitting and receiving,
Wait the TE and RE bits should be cleared to 0 or
set to 1 simultaneously.

-
«®

@aﬂ elapsed? No

Yes

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and MPIE | (4)
bits as necessary

i

<Start transmitting or receiving>

Figure 13.15 Sample Flowchart for SCI Initialization
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e Transmitting Serial Data (Synchronous Mode): Figure 13.16 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

| Initialize |

Start transmitting

i

|  Read TDREflaginSSR |

TDRE =1

Yes

Write transmit data in TDR
and clear TDRE flag to 0 in SSR

All data transmitted? No

i

Yes

-

«®

| Read TENDflaginSSR |

e

Yes

| Clear TE bitto 0 in SCR |

l

<End>

)

@)

®)

@

@

(©)

SCl initialization: the transmit data output
function of the TxD pin is selected
automatically.

SCI status check and transmit data write:
read SSR, check that the TDRE flag is 1, then
write transmit data in TDR and clear the
TDRE flag to 0.

To continue transmitting serial data: after
checking that the TDRE flag is 1, indicating
that data can be written, write data in TDR,
then clear the TDRE flag to 0. When the
DMAC is activated by a transmit-data-empty
interrupt request (TXI) to write data in TDR,
the TDRE flag is checked and cleared
automatically.

Figure13.16 Sample Flowchart for Serial Transmitting
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In transmitting seria data, the SCI operates as follows.

The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0, the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

After loading the data from TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bitissetto 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock
source is selected, the SCI outputs data in synchronization with the input clock. Datais output
from the TxD pin n order from LSB (bit 0) to MSB (bit 7).

The SCI checks the TDRE flag when it outputs the MSB (bit 7). If the TDRE flagis 0, the
SCI loads datafrom TDR into TSR and begins serial transmission of the next frame. If the
TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, and after transmitting the MSB (bit
7), holdsthe TxD pininthe MSB state. If the TEIE bitisset to 1 in SCR, atransmit-end
interrupt (TEI) isrequested at thistime

After the end of serial transmission, the SCK pin isheld in a constant state.

Figure 13.17 shows an example of SCI transmit operation.

Transmit direction

Serial clock “ | | I | | | I | | I | | | I | |
Serial data X Bito X Bit 1 )C( X Bit7 X Bito X Bit1 X

TDRE

A A J
TEND e Y ;

TXI interrupt TXI interrupt handler TXI interrupt TEl interrupt
request writes data in TDR  request request
and clears TDRE
flagto O
= 1 frame =

Figure 13.17 Example of SCI Transmit Operation

Receiving Seria Data (Synchronous Mode): Figure 13.18 shows a sample flowchart for
receiving seria data and indicates the procedure to follow. When switching from
asynchronous to synchronous mode. make sure that the ORER, PER, and FER flags are
cleared to 0. If the FER or PER flagis set to 1 the RDRF flag will not be set and both
transmitting and receiving will be disabled.
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| Initialize | ) N

( Start receiving )

-
-

|  Read ORERflaginSSR | (2)

@Rzl

No

Yes

©)

Error handling

4)

(continued on next page)

|  ReadRDRFflaginSSR | (4)

.

Yes

®)

Read receive data from
RDR, and clear RDRF
flag to 0 in SSR

No — -
Finished receiving?
Yes

| Clear RE bitto 0 in SCR |

()

<End>

SCl initialization: the receive data
input function of the RxD pin is
selected automatically.

(2)(3) Receive error handling: if a receive

error occurs, read the ORER flag in
SSR, then after executing the
necessary error handling, clear the
ORER flag to 0. Neither transmitting
nor receiving can resume while the
ORER flag remains set to 1.

SClI status check and receive data
read: read SSR, check that the RDRF
flag is set to 1, then read receive data
from RDR and clear the RDRF flag to
0. Notification that the RDRF flag
has changed from 0 to 1 can also be
given by the RXI interrupt.

To continue receiving serial data:
check the RDRF flag, read RDR, and
clear the RDRF flag to O before the
MSB (bit 7) of the current frame is
received. When the DMAC is
activated by a receive-data-full
interrupt request (RXI) to read RDR,
the RDRF flag is cleared
automatically.

Figure 13.18 Sample Flowchart for Serial Receiving (1)
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®)

Error handling

| Overrun error handling |

| Clear ORER flag to 0 in SSR |

l

<End>

Figure 13.18 Sample Flowchart for Serial Receiving (2)
In receiving, the SCI operates as follows:

» The SCI synchronizes with serial clock input or output and synchronizes internally.

* Receivedataisstored in RSR in order from LSB to MSB.
After receiving the data, the SCI checks that the RDRF flag is 0, so that receive data can be
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the received
datais stored in RDR. If the checksfails (receive error), the SCI operates as shown in table
13.11.
When areceive error has been identified in the error check, subsequent transmit and receive
operations are disabled.

* Whenthe RDRFflagisset to 1, if the RIE bit is set to 1 in SCR, areceive-data-full interrupt
(RXI) isrequested. If the ORER flag isset to 1 and the RIE bitin SCRisaso setto 1, a
receive-error interrupt (ERI) is requested.
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Figure 13.19 shows an example of SCI receive operation.

Serial clock

Serial data

RDRF

ORER

clears RDRF flag to 0

1 frame

3
X Bit7 ) Bit0><:: X Bit7 X Bito X Bit1 X site X Bit7 X
) el
—7 | T
/ {f {f
RXI interrupt RXl interrupt handler RXI interrupt Overrun error,
request reads data in RDR and request ERI interrupt

request

Figure13.19 Example of SCI Receive Operation
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e Transmitting and Receiving Data Simultaneously (Synchronous Mode): Figure 13.20 shows a
sample flowchart for transmitting and receiving serial data simultaneously and indicates the
procedure to follow.

| Initialize | @ (1) SClinitialization: the transmit data output function of the
TxD pin and the read data input function of the RxD pin
are selected, enabling simultaneous transmitting and
receiving.

(Start of transmitting and receiving)

(2) SCI status check and transmit data write: read SSR, check
that the TDRE flag is 1, then write transmit data in TDR
and clear the TDRE flag to 0.

N Notification that the TDRE flag has changed from 0 to 1
can also be given by the TXI interrupt.

Yes (3) Receive error handling: if a receive error occurs, read the
- _ - ORER flag in SSR, then after executing the necessary
Write transmit data in TDR and error handling, clear the ORER flag to 0.

clear TDRE flag to 0 in SSR Neither transmitting nor receiving can resume while the
> ORER flag remains set to 1.

-

| Read TDREflaginSSR | (2)

(4) SCI status check and receive data read: read SSR, check
Read ORER flag in SSR | that the RDRF flag is 1, then read receive data from RDR

and clear the RDRF flag to 0. Notification that the RDRF
flag has changed from 0 to 1 can also be given by the RXI
interrupt.

3

Error handling

Read RDRF flagin SSR | (4)

(5) To continue transmitting and receiving serial data: check
the RDRF flag, read RDR, and clear the RDRF flag to 0
before the MSB (bit 7) of the current frame is received.
Also check that the TDRE flag is set to 1, indicating that
data can be written, write data in TDR, then clear the
TDRE flag to 0 before the MSB (bit 7) of the current frame
is transmitted. When the DMAC is activated by a transmit-
data-empty interrupt request (TXI) to write data in TDR,

RDRF =1 the TDRE flag is checked and cleared automatically.

When the DMAC is activated by a receive-data-full
Yes interrupt request (RXI) to read RDR, the RDRF flag is
cleared automatically.

Read receive data from RDR, and
clear RDRF flag to 0 in SSR

End of transmitting
and receiving?

®)

Yes
Clear TE and RE bits to 0 in SCR |

<End>

Note: When switching from transmitting or receiving to simultaneous transmitting and receiving, clear both the TE bit
and the RE bit to 0, then set both bits to 1 simultaneously.

Figure13.20 Sample Flowchart for Simultaneous Serial Transmitting and Receiving
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13.4  SCI Interrupts

The SCI has four interrupt request sources:. the transmit-end interrupt (TEI), receive-error
interrupt (ERI), receive-data-full interrupt (RX1), and transmit-data-empty interrupt (TXI1). Table
13.12 lists the interrupt sources and indicates their priority. These interrupts can be enabled or
disabled by the TIE, RIE, and TEIE bitsin SCR. Each interrupt request is sent separately to the
interrupt controller.

A TXI interrupt is requested when the TDRE flag is set to 1 in SSR. A TEI interrupt is requested
when the TEND flag isset to 1 in SSR. A TXI interrupt request can activate the DMAC to transfer
data. Datatransfer by the DMAC automatically clears the TDRE flag to 0. A TEI interrupt request
cannot activate the DMAC.

An RXI interrupt is requested when the RDRF flag isset to 1 in SSR. An ERI interrupt is
reguested when the ORER, PER, or FER flag isset to 1 in SSR. An RXI interrupt can activate the
DMAC to transfer data. Data transfer by the DMAC automatically clears the RDRF flag to 0. An
ERI interrupt request cannot activate the DMAC.

The DMAC can be activated by interrupts from SCI channel 0.

Table 13.12 SCI Interrupt Sources

Interrupt Source Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE) T

TEI Transmit end (TEND) Low

13,5 Usage Notes

1351 Noteson Use of SCI
Note the following points when using the SCI.

TDR Writeand TDRE Flag: The TDRE flag in SSR is a status flag indicating the loading of
transmit data from TDR to TSR. The SCI setsthe TDRE flag to 1 when it transfers data from
TDRto TSR.

Data can be written into TDR regardless of the state of the TDRE flag. If new dataiswritten in
TDR when the TDRE flag is O, the old data stored in TDR will be lost because this data has not
yet been transferred to TSR. Before writing transmit datain TDR, be sure to check that the TDRE
flagissetto 1.
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Simultaneous M ultiple Receive Errors. Table 13.13 shows the state of the SSR status flags
when multiple receive errors occur simultaneously. When an overrun error occurs the RSR
contents are not transferred to RDR, so receive datais |ost.

Table 13.13 SSR Status Flagsand Transfer of Receive Data

Receive Data

SSR Status Flags Transfer

RDRF ORER FER PER RSR - RDR Receive Errors

1 1 0 0 X Overrun error

0 0 1 0 e) Framing error

0 0 0 1 (@) Parity error

1 1 1 0 X Overrun error +
framing error

1 1 0 1 X Overrun error +
parity error

0 0 1 1 e) Framing error +
parity error

1 1 1 1 X Overrun error +

framing error +
parity error

Notes: O: Receive data is transferred from RSR to RDR.
x : Receive data is not transferred from RSR to RDR.

Break Detection and Processing: Break signals can be detected by reading the RxD pin directly
when aframing error (FER) is detected. In the break state the input from the RxD pin consists of
all Os, so the FER flag is set and the parity error flag (PER) may also be set. In the break state the
SCI receiver continues to operate, so if the FER flag iscleared to 0 it will be set to 1 again.

Sending a Break Signal: The input/output condition and level of the TxD pin are determined by
DR and DDR bits. Thisfeature can be used to send a break signal.

After the seria transmitter isinitialized, the DR value substitutes for the mark state until the TE
bit isset to 1 (the TxD pin function is not selected until the TE bit is set to 1). The DDR and DR
bits should therefore be set to 1 beforehand.

To send abreak signal during serial transmission, clear the DR bit to O, then clear the TE bit to 0.
When the TE bit is cleared to 0 the transmitter isinitialized, regardless of its current state, so the
TxD pin becomes an input/output outputting the value 0.
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Receive Error Flagsand Transmitter Operation (Synchronous Mode Only): When areceive
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE
flagiscleared to 0. Be sureto clear the receive error flagsto O when starting to transmit. Note
that clearing the RE hit to 0 does not clear the receive error flagsto O.

Receive Data Sampling Timing in Asynchronous M ode and Receive Margin: In asynchronous
mode the SCI operates on a base clock with 16 times the bit rate frequency. In receiving, the SCI
synchronizes internally with the fall of the start bit, which it samples on the base clock. Receive
dataislatched at the rising edge of the eighth base clock pulse. See figure 13.21.

Internal base clock m

Receive data
(RxD)

Synchronization
sampling timing

Data sampling
timing

16 clocks

8 clocks
0 7| 15

0 7

_] Start bit | Do ; |D1

Figure13.21 Receive Data Sampling Timingin Asynchronous Mode

The receive margin in asynchronous mode can therefore be expressed as shown in equation (1).

M =

mrozz

1

(0.5 - )—(L-0.5)F - (1+F) | «100%

Ip-05]
N

Receive margin (%)

Ratio of clock frequency to hit rate (N = 16)
Clock duty cycle (L =0t0 1.0)
Framelength (L = 9t0 12)

Absolute deviation of clock frequency
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From equation (1), if F=0and D = 0.5, the receive margin is 46.875%, as given by equation (2).
D=05F=0

M= (05— —2 )+ 100%
2+ 16

= 46.875% @

Thisisatheoretical value. A reasonable margin to allow in system designsis 20% to 30%.
Restrictions on Use of DMAC:

e When an external clock sourceis used for the serial clock, after the DMAC updates TDR,
allow aninversion of at least five system clock (¢) cycles before input of the serial clock to
start transmitting. If the serial clock isinput within four states of the TDR update, a
malfunction may occur (see figure 13.22) .

* Tohavethe DMAC read RDR, be sure to select the corresponding SCI receive-data-full
interrupt (RXI) as the activation source with bits DTS2 to DTS0 in DTCR.

= I I I D o B i B A

>§(DOXD1XD2XD3XD4XD5XDGX D7X

Note: In operation with an external clock source, be sure that t >4 states.

Figure 13.22 Example of Synchronous Transmission Using DMAC
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Switching from SCK Pin Function to Port Pin Function:

* Problem in Operation: When switching the SCK pin function to the output port function (high-
level output) by making the following settingswhile DDR =1, DR=1, C/A =1, CKE1 =0,
CKEO =0, and TE = 1 (synchronous mode), low-level output occurs for one half-cycle.

1. End of serial datatransmission

2. TEhit=0

3. C/A bit =0 ... switchover to port output

4. Occurrence of low-level output (see figure 13.23)

H Half-cycle low-level output

S
SCK/port | | | I_l
1. End of transmission : 4. Low-level output

Data Bit6 X Bit7 5 )

2. TE=0 ,
TE | :
C/A 3.C/A=0
CKE1 '
CKEO

Figure 13.23 Operation when Switching from SCK Pin Function to Port Pin Function
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» Sample Procedure for Avoiding Low-Level Output: Asthis sample procedure temporarily
placesthe SCK pininthe input state, the SCK/port pin should be pulled up beforehand with an
external circuit.

WithDDR=1,DR =1, C/A =1, CKE1 =0, CKEO =0, and TE = 1, make the following
settings in the order shown.

1. End of serial datatransmission

2. TEhit=0

3.CKElhit=1

4. C/A bit = 0 ... switchover to port output

5.CKE1bhit=0

P
sckpot | || &)

High-level output TE

1. End of transmission

Data Bit 6 X Bit 7

2.TE=0 1

TE

c/A 4.C/IA=0

3.CKE1=1 !
CKE1 : 5. CKE1=0

CKEO

Figure 13.24 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing Low-L evel Output)
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Section 14 Smart Card Interface

141 Overview

AnIC card (smart card) interface conforming to the ISO/IEC 7816-3 (Identification Card)
standard is supported as an extension of the serial communication interface (SCI) functions.

Switchover between the normal serial communication interface and the smart card interfaceis
controlled by aregister setting.

141.1 Features
Features of the smart card interface supported by the H8/3069R are listed below.

e Asynchronous communication
Data length: 8 bits
Parity bit generation and checking
Transmission of error signal (parity error) in receive mode
Error signal detection and automatic data retransmission in transmit mode
Direct convention and inverse convention both supported
« Built-in baud rate generator allows any bit rate to be selected
e Threeinterrupt sources
O There are three interrupt sources—transmit-data-empty, receive-data-full, and
transmit/receive error—that can issue requests independently.
O The transmit-data-empty interrupt and receive-data-full interrupt can activate the DMA
controller (DMAC) to execute data transfer.

OoOoood
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14.1.2  Block Diagram

Figure 14.1 shows a block diagram of the smart card interface.
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SCMR: Smart card mode register

RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR: Transmit data register
SMR:  Serial mode register
SCR:  Serial control register
SSR:  Serial status register

BRR: Bit rate register

Internal
data bus

Figure14.1 Block Diagram of Smart Card Interface

14.1.3  Pin Configuration

Table 14.1 shows the smart card interface pins.

Table14.1 Smart Card Interface Pins

Pin Name Abbreviation I/0 Function

Serial clock pin SCK I/0 Clock input/output
Receive data pin RxD Input Receive data input
Transmit data pin TxD Output Transmit data output
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14.1.4 Register Configuration

The smart card interface has the internal registerslisted in table 14.2. The BRR, TDR, and RDR
registers have their normal serial communication interface functions, as described in section 13,
Serial Communication Interface.

Table14.2 Smart Card Interface Registers

Channel Address*’ Name Abbreviation  R/W Initial Value
0 H'FFFBO Serial mode register SMR R/W H'00
H'FFFB1 Bit rate register BRR R/W H'FF
H'FFFB2 Serial control register SCR R/W H'00
H'FFFB3  Transmit data register TDR R/W H'FF
H'FFFB4  Serial status register SSR R/(W)** H'84
H'FFFB5 Receive data register RDR R H'00
H'FFFB6 Smart card mode register SCMR R/W H'F2
1 H'FFFB8  Serial mode register SMR R/W H'00
H'FFFB9 Bit rate register BRR R/W H'FF
H'FFFBA  Serial control register SCR R/W H'00
H'FFFBB  Transmit data register TDR R/W H'FF
H'FFFBC  Serial status register SSR R/(W)** H'84
H'FFFBD  Receive data register RDR R H'00
H'FFFBE  Smart card mode register SCMR R/W H'F2
2 H'FFFCO  Serial mode register SMR R/W H'00
H'FFFC1  Bit rate register BRR R/W H'FF
H'FFFC2  Serial control register SCR R/W H'00
H'FFFC3  Transmit data register TDR R/W H'FF
H'FFFC4  Serial status register SSR R/(W)** H'84
H'FFFC5 Receive data register RDR R H'00
H'FFFC6  Smart card mode register SCMR R/W H'F2

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written in bits 7 to 3, to clear the flags.
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142  Register Descriptions

This section describes the new or modified registers and bit functions in the smart card interface.

1421 Smart Card Mode Register (SCMR)

SCMR is an 8-hit readable/writable register that selects smart card interface functions.

Bit 7 6 5 4 3 2 1 0
| — | — | — | — | SDIR | SINV | — | SMIF |
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W R/W — R/W
Reserved bits Reserved bit

Smart card interface
mode select

Enables or disables

the smart card interface
function

Smart card data invert
Inverts data logic levels

Smart card data transfer direction
Selects the serial/parallel conversion format

SCMRisinitialized to H'F2 by areset and in standby mode.
Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion
format.**

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored LSB-first in RDR

1 TDR contents are transmitted MSB-first

Receive data is stored MSB-first in RDR
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Bit 2—Smart Card Data Invert (SINV): Specifiesinversion of the datalogic level. This
function is used in combination with the SDIR bit to communicate with inverse-convention
cards.*> The SINV bit does not affect the logic level of the parity bit. For parity settings, see
section 14.3.4, Register Settings.

Bit 2

SINV Description

0 Unmodified TDR contents are transmitted (Initial value)
Receive data is stored unmodified in RDR

1 Inverted TDR contents are transmitted

Receive data is inverted before storage in RDR

Bit 1—Reserved: Read-only bit, dwaysread as 1.

Bit 0—Smart Card Interface Mode Select (SMIF): Enables the smart card interface function.

Bit 0

SMIF Description

0 Smart card interface function is disabled (Initial value)
1 Smart card interface function is enabled

Notes: 1. Thefunction for switching between L SB-first and M SB-first mode can also be used
with the normal serial communication interface. Note that when the communication
format datalength is set to 7 bits and M SB-first mode is selected for the serial datato
be transferred, bit 0 of TDR is not transmitted, and only bits 7 to 1 of the received data
arevalid.

2. Thedatalogic level inversion function can also be used with the normal serial
communication interface. Note that, when inverting the serial datato be transferred,
parity transmission and parity checking is based on the number of high-level periods at
the serial data I/O pin, and not on the register value.

14.2.2 Serial Status Register (SSR)

The function of SSR bit 4 ismodified in smart card interface mode. This change also causes a
modification to the setting conditions for bit 2 (TEND).
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Bit 7 6 5 4 3 2 1 0
TDRE RDRF | ORER ERS PER TEND MPB MPBT
Initial value 1 0 0 0 0 1 0 0
Read/Write  R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Transmit end
Status flag indicating end
of transmission

Error signal status (ERS)
Status flag indicating that an error
signal has been received

Note: * Only 0 can be written, to clear the flag.

Bits 7 to 5: These bits operate asin normal serial communication. For details see section 13.2.7,
Seria Status Register (SSR).

Bit 4—Error Signal Status (ERS): In smart card interface mode, this flag indicates the status of
the error signal sent from the receiving device to the transmitting device. The smart card interface
does not detection framing errors.

Bit 4

ERS Description

0 Indicates normal transmission, with no error signal returned (Initial value)
[Clearing conditions]
The chip is reset, or enters standby mode or module stop mode
Software reads ERS while it is set to 1, then writes 0.

1 Indicates that the receiving device sent an error signal reporting a parity error

[Setting condition]
A low error signal was sampled.

Note: Clearing the TE bit to 0 in SCR does not affect the ERS flag, which retains its previous
value.

Bits 3 to 0: These bits operate asin normal serial communication. For details see section 13.2.7,
Serial Status Register (SSR). The setting conditions for transmit end (TEND), however, are
modified as follows.
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Bit 2
TEND Description

0 Transmission is in progress
[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag.
The DMAC or DTC writes data in TDR.

1 End of transmission
[Setting conditions] (Initial value)
The chip is reset or enters standby mode.
The TE bit and FER/ERS bit are both cleared to 0 in SCR.

TDRE is 1 and ERS is 0 at a time 2.5 etu after the last bit of a 1-byte serial character
is transmitted (normal transmission).

Note: etu : Elementary Time Unit (time for transfer of 1 bit)

14.2.3 Serial Mode Register (SMR)

The function of SMR bit 7 is modified in smart card interface mode. This change also causes a
modification to the function of bits 1 and 0 in the serial control register (SCR).

Bit 7 6 5 4 3 2 1 0
| GM | CHR | PE | O/E | STOP | MP | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—GSM Mode (GM): With the normal smart card interface, this bit is cleared to 0. Setting
this bit to 1 selects GSM mode, an additional mode for controlling the timing for setting the
TEND flag that indicates completion of transmission, and the type of clock output used. The
details of the additional clock output control mode are specified by the CKEL and CKEOQ bitsin
the serial control register (SCR).

Bit 7
GM Description
0 Normal smart card interface mode operation
The TEND flag is set 12.5 etu after the beginning of the start bit.
Clock output on/off control only. (Initial value)
1 GSM mode smart card interface mode operation

The TEND flag is set 11.0 etu after the beginning of the start bit.
Clock output on/off and fixed-high/fixed-low control.
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Bit 6: Only 0 should be written to this hit.

Bits5to 2: These bits operate asin normal serial communication. For details see section 13.2.5,
Serial Mode Register (SMR).

Bits 1 and 0: Only 0 should be written to these bits.

14.24  Serial Control Register (SCR)

The function of SCR bits 1 and 0 is modified in smart card interface mode

Bit 7 6 5 4 3 2 1 0
TIE RIE TE RE MPIE TEIE CKE1 CKEO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 to 2: These bits operate asin normal serial communication. For details see section 13.2.6,
Serial Control Register (SCR).

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ): These bits select the SCI clock source and
enable or disable clock output from the SCK pin. In smart card interface mode, it is possible to
specify afixed high level or fixed low level for the clock output, in addition to the usual switching
between enabling and disabling of the clock output.

Bit 7 Bit 1 Bit 0
GM CKE1l CKEO Description
0 0 0 Internal clock/SCK pin is I/O port (Initial value)
1 Internal clock/SCK pin is clock output
1 0 Internal clock/SCK pin is fixed at low output
1 Internal clock/SCK pin is clock output
1 0 Internal clock/SCK pin is fixed at high output
1 Internal clock/SCK pin is clock output

14.3 Operation

14.3.1 Overview
The main features of the smart card interface are as follows.

» Oneframe consists of 8-hit data plus a parity bit.
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e Intransmission, aguard time of at least 2 etu (elementary time units: the time for transfer of
one hit) is provided between the end of the parity bit and the start of the next frame.

» If aparity error is detected during reception, alow error signal level is output for al etu period
10.5 etu after the start bit.

e If anerror signal is detected during transmission, the same data is transmitted automatically
after the elapse of 2 etu or longer.

*  Only asynchronous communication is supported; there is no synchronous communication
function.

1432  Pin Connections
Figure 14.2 shows a pin connection diagram for the smart card interface.

In communication with a smart card, since both transmission and reception are carried out on a
single data transmission line, the TxD pin and RxD pin should both be connected to thisline. The
data transmission line should be pulled up to V. with aresistor.

When the smart card uses the clock generated on the smart card interface, the SCK pin output is
input to the CLK pin of the smart card. If the smart card uses an internal clock, this connection is
unnecessary.

The reset signal should be output from one of the H8/3069R’ s generic ports.

In addition to these pin connections, power and ground connections will normally also be
necessary.

Vee
TxD %
110
RxD Data line
SCK . CLK
HB/3069R Clock line
chip Px (port) : RST
Reset line Smart card
Card-processing device

Figure14.2 Smart Card Interface Connection Diagram

Note: A loop-back test can be performed by setting both RE and TE to 1 without connecting a
smart card.
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14.3.3 Data Format

Figure 14.3 shows the smart card interface data format. In reception in this mode, a parity check is
carried out on each frame, and if an error is detected an error signal is sent back to the transmitting
device to request retransmission of the data. In transmission, the error signal is sasmpled and the
same datais retransmitted if the error signal islow.

No parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

Output from transmitting device

Parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE

Output from transmitting device

|t

Output from
receiving
[Legend] device
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure14.3 Smart Card Interface Data Format
The operating sequence is as follows.

1. Whenthedatalineisnotin useitisin the high-impedance state, and is fixed high with a pull-
up resistor.

2. Thetransmitting device starts transfer of one frame of data. The data frame starts with a start
bit (Ds, low-level), followed by 8 data bits (DO to D7) and a parity bit (Dp).

3. With the smart card interface, the data line then returns to the high-impedance state. The data
lineis pulled high with a pull-up resistor.

4. The receiving device carries out a parity check. If thereisno parity error and the datais
received normally, the receiving device waits for reception of the next data. If a parity error
occurs, however, the receiving device outputs an error signal (DE, low-level) to request
retransmission of the data. After outputting the error signal for the prescribed length of time,
the receiving device placesthe signal line in the high-impedance state again. The signal lineis
pulled high again by a pull-up resistor.
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5. If the transmitting device does not receive an error signal, it proceeds to transmit the next data
frame. If it receives an error signal, however, it returnsto step 2 and transmits the same data

again.
14.3.4 Register Settings

Table 14.3 shows a bit map of the registers used in the smart card interface. Bitsindicated as 0 or
1 must be set to the value shown. The setting of other bitsis described in this section.

Table14.3 Smart Card Interface Register Settings

Bit

Register Address*' Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR HFFFBO GM 0 1 OfE 1 0 CKS1 CKSO
BRR HFFFB1 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR HFFFB2 TIE RIE TE RE 0 0 CKE1** CKEO
TDR HFFFB3 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR HFFFB4 TDRE RDRF ORER ERS PER TEND O 0
RDR HFFFB5 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR H'FFFB6 — — — — SDIR SINV — SMIF

Notes: — Unused bit.
1. Lower 20 bits of the address in advanced mode.
2. When GM is cleared to 0 in SMR, the CKEL1 bit must also be cleared to 0.

Serial Mode Register (SMR) Settings: Clear the GM bit to O when using the normal smart card
interface mode, or set to 1 when using GSM mode. Clear the O/E bit to 0 if the smart card is of the
direct convention type, or set to 1 if of the inverse convention type.

Bits CKS1 and CK S0 select the clock source of the built-in baud rate generator. See section
14.3.5, Clock.

Bit Rate Register (BRR) Settings: BRR is used to set the bit rate. See section 14.3.5, Clock, for
the method of calculating the value to be set.

Serial Control Register (SCR) Settings: The TIE, RIE, TE, and RE bits have their normal serial
communication functions. See section 13, Serial Communication Interface, for details. The CKE1
and CKEQO hits specify clock output. To disable clock output, clear these bits to 00; to enable clock
output, set these bitsto 01. Clock output is not performed when the GM hitisset to 1in SMR.
Clock output can also be fixed low or high.
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Smart Card Mode Register (SCMR) Settings: Clear both the SDIR bit and SINV bit cleared to
0 if the smart card is of the direct convention type, and set both to 1 if of the inverse convention
type. To use the smart card interface, set the SMIF hit to 1.

The register settings and examples of starting character waveforms are shown below for two smart
cards, one following the direct convention and one the inverse convention.

1. Direct Convention (SDIR = SINV = O/E = 0)
@ A z z A z z z A A Z (2) State

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

With the direct convention type, thelogic 1 level corresponds to state Z and the logic O level to
state A, and transfer is performed in LSB-first order. In the example above, the first character
datais H'3B. The parity bit is 1, following the even parity rule designated for smart cards.

2. Indirect Convention (SDIR = SINV = O/E = 1)

@ A zZ zZ A A A A A A Z (2 State

Ds | bDr D6 | D5 D4 D3 D2 D1 DO | Dp

With the indirect convention type, the logic 1 level corresponds to state A and the logic O level
to state Z, and transfer is performed in MSB-first order. In the example above, the first
character datais H'3F. The parity hit is 0, corresponding to state Z, following the even parity
rule designated for smart cards.

In the H8/3069R, inversion specified by the SINV bit applies only to the data bits, D7 to DO.

For parity bit inversion, the O/E bit in SMR must be set to odd parity mode. This applies to
both transmission and reception.
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14.35 Clock

Only an internal clock generated by the on-chip baud rate generator can be used as the
transmit/receive clock for the smart card interface. The bit rate is set with the bit rate register
(BRR) and the CKS1 and CK SO0 hitsin the serial mode register (SMR). The equation for
calculating the bit rate is shown below. Table 14.5 shows some sample bit rates.

If clock output is selected with CKEO set to 1, a clock with afrequency of 372 timesthe bit rateis
output from the SCK pin.

®
B = - 106
1488 « 22n-1 ¢ (N + 1)

where, N: BRR setting (0 < N < 255)
B: Bit rate (bit/s)
@ Operating frequency (MHz)
n: Seetable 14.4

Table14.4 n-Valuesof CKS1 and CK S0 Settings

n CKS1 CKSO
0 0 0
1 1
2 1 0
3 1

Note: If the gear function is used to divide the clock frequency, use the divided frequency to
calculate the bit rate. The equation above applies directly to 1/1 frequency division.

Table 14.5 Bit Rates (bits/s) for Various BRR Settings (When n =0)

(MH2)
N 10.00 10.7136 13.00 14.2848 16.00 18.00 20.00 25.00
0 13440.9 14400.0 17473.1 19200.0 21505.4 241935 26881.7 33602.2
1 6720.4 7200.0 8736.6 9600.0 10752.7 12096.8 13440.9 16801.1
2 4480.3 4800.0 5824.4 6400.0 7168.5 8064.5 8960.6 11200.7

Note: Bit rates are rounded off to one decimal place.
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The following equation calculates the bit rate register (BRR) setting from the operating frequency
and bit rate. N is an integer from 0 to 255, specifying the value with the smaller error.

N = 4 «105-1
1488« 22n-1. B

Table14.6 BRR Settingsfor Typical Bit Rates (bits/s) (When n = 0)

@ (MHz)

10.00 10.7136 13.00 14.2848 16.00 18.00 20.00 25.0

bit/s N Error N Error N Error N Error N Error N Error N Error N Error
9600 130 125 1899 1 0.00 112.01 2 1599 2 6.66 3 12.49

Table14.7 Maximum Bit Ratesfor Various Frequencies (Smart Card Interface M ode)

¢ (MHz) Maximum Bit Rate (bits/s) N n
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0
20.00 26882 0 0
25.00 33602 0 0

The bit rate error is given by the following equation:

Error (%) = id + 106-1 | + 100
1488« 2271 e Be (N + 1)

Rev. 5.0, 09/04, page 528 of 978
RENESAS



14.3.6  Transmitting and Receiving Data

Initialization: Before transmitting or receiving data, the smart card interface must be initialized as
described below. Initialization is also necessary when switching from transmit mode to receive
mode, or vice versa.

1. Clear the TE and RE bitsto 0 in the seria control register (SCR).
2. Clear error flags ERS, PER, and ORER to 0 in the serial status register (SSR).

3. Set the parity bit (O/E) and baud rate generator select bits (CKS1 and CKS0) in the serial
mode register (SMR). Clear the C/A, CHR, and MP bitsto 0, and set the STOP and PE bits to
1

4., Setthe SMIF, SDIR, and SINV bitsin the smart card mode register (SCMR).

When the SMIF bit is set to 1, the TxD pin and RxD pin are both switched from port to SCI
pin functions and go to the high-impedance state.

5. Set avalue corresponding to the desired bit rate in the bit rate register (BRR).

6. Set the CKEO hit in SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE, and CKE1 bitsto 0. If the
CKEO bit isset to 1, the clock is output from the SCK pin.

7. Wait at least one bit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do not set the TE
bit and RE hit at the same time, except for self-diagnosis.

Transmitting Serial Data: Asdatatransmission in smart card mode involves error signal
sampling and retransmission processing, the processing procedure is different from that for the
normal SCI. Figure 14.5 shows a sample transmission processing flowchart.

Perform smart card interface mode initialization as described in Initialization above.
Check that the ERS error flag iscleared to 0 in SSR.
Repeat steps 2 and 3 until it can be confirmed that the TEND flag isset to 1 in SSR.

Write the transmit datain TDR, clear the TDRE flag to 0, and perform the transmit operation.
The TEND flag iscleared to 0.

5. To continue transmitting data, go back to step 2.
6. Toend transmission, clear the TE bit to O.

> w NP

The above processing may include interrupt handling DMA transfer.

If transmission ends and the TEND flag is set to 1 while the TIE bit is set to 1 and interrupt
reguests are enabled, a transmit-data-empty interrupt (TXI) will be requested. If an error occursin
transmission and the ERS flag is set to 1 while the RIE bit is set to 1 and interrupt requests are
enabled, atransmit/receive-error interrupt (ERI) will be requested.

Thetiming of TEND flag setting depends on the GM bit in SMR (see figure 14.4).
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If the TXI interrupt activates the DMAC, the number of bytes designated in the DMAC can be

transmitted automatically, including automatic retransmission.

For details, see Interrupt Operations and Data Transfer by DMAC in this section.

Serial data —— Ds Dp —: DE ; ‘
Guard time !
4—»:
(1) GM=0
TEND 12.5 etu
() GM=1
TEND 11.0 etu

Figure14.4 Timing of TEND Flag Setting
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( Start )

| Initialization |

( Start transmitting )

Error handling )
Write transmit data in TDR,
and clear TDRE flag
to 0in SSR
Error handling )

| Clear TE hitto 0 |

|
( End )

Figure14.5 Sample Transmission Processing Flowchart
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TDR TSR
(shift register)

1. Data write | Data 1

| Data remains in TDR
Data 1

|—> I/O signal

output

.
2. Transfer from TDR to TSR | Data 1 |—>| Data 1
.

3. Serial data output | Data 1

In case of normal transmission: TEND flag is set

In case of transmit error: ERS flag is set
Steps 2 and 3 above are repeated until the
TEND flag is set.

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the retransmit data to be transmitted next has
been completed.

Figure 14.6 Relation Between Transmit Operation and Internal Registers

/O data Ds | Da| Db | Dc|Dd | De | Df | Dg | Dh | Dp | : DE!
Guard time
-
TXI (TEND 12.5 etu o
interrupt) - | When GM =0
11.0 etu M v
- > ! WhenGM=1
- - ! en G

Figure14.7 Timing of TEND Flag Setting

Recelving Serial Data: Datareception in smart card mode uses the same processing procedure as
for the normal SCI. Figure 14.8 shows a sample reception processing flowchart.

1. Perform smart card interface mode initialization as described in Initialization above.

Check that the ORER flag and PER flag are cleared to 0 in SSR. If either is set, perform the
appropriate receive error handling, then clear both the ORER and the PER flag to 0.

Repeat steps 2 and 3 until it can be confirmed that the RDRF flag is set to 1.
Read the receive data from RDR.

To continue receiving data, clear the RDRF flag to 0 and go back to step 2.
To end reception, clear the RE hit to O.

N

o 0k~ w
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( Start )

| Initialization

( Start receiving )

ORER =0 No
and PER = 0?

Yes
<—< Error handling )

No
RDRF=1>

Read RDR and clear
RDRF flag to 0 in SSR

All data received?

| Clear RE bitto 0 |

Figure 14.8 Sample Reception Processing Flowchart
The above procedure may include interrupt handling and DMA transfer.

If reception ends and the RDRF flag is set to 1 while the RIE bit is set to 1 and interrupt requests
are enabled, areceive-data-full interrupt (RX1) will be requested. If an error occurs in reception
and either the ORER flag or the PER flag is set to 1, atransmit/receive-error interrupt (ERI) will
be requested.

If the RXI interrupt activates the DMAC, the number of bytes designated in the DMAC will be
transferred, skipping receive datain which an error occurred.

For details, see Interrupt Operations and Data Transfer by DMAC in this section.

If aparity error occurs during reception and the PER flag is set to 1, the received datais
transferred to RDR, so the erroneous data can be read.
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Switching M odes: When switching from receive mode to transmit mode, first confirm that the
receive operation has been completed, then start from initialization, clearing RE to 0 and setting
TE to 1. The RDRF, PER, or ORER flag can be used to check that the receive operation has been
completed.

When switching from transmit mode to receive mode, first confirm that the transmit operation has
been completed, then start from initialization, clearing TE to O and setting RE to 1. The TEND
flag can be used to check that the transmit operation has been completed.

Fixing Clock Output: When the GM hitissetto 1in SMR, clock output can be fixed by means
of the CKEL and CKEO hitsin SCR. The minimum clock pulse width can be set to the specified
width in this case.

Figure 14.9 shows the timing for fixing clock output. In thisexample, GM = 1, CKE1 = 0, and the
CKEDO bit is controlled.

Specified pulse Specified pulse
width width

- - - -

CKEL1 value

ol — -
! T

SCR write SCR write
(CKEO =0) (CKEO =1)

Figure14.9 Timing for Fixing Cock Output

Interrupt Operations: The smart card interface has three interrupt sources: transmit-data-empty
(TXI), transmit/receive-error (ERI), and receive-data-full (RXI). The transmit-end interrupt
request (TEI) is not available in smart card mode.

A TXI interrupt is requested when the TEND flagis set to 1 in SSR. An RXI interrupt is requested
when the RDRF flag isset to 1 in SSR. An ERI interrupt is requested when the ORER, PER, or
ERSflagisset to 1 in SSR. These relationships are shown in table 14.8.
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Table14.8 Smart Card Interface Mode Operating States and Interrupt Sour ces

Interrupt DMAC

Operating State Flag Enable Bit Source Activation
Transmit Mode Normal TEND TIE TXI Available

operation

Error ERS RIE ERI Not available
Receive Mode Normal RDRF RIE RXI Available

operation

Error PER, ORER RIE ERI Not available

Data Transfer by DMAC: The DMAC can be used to transmit and receive datain smart card
mode, asin normal SCI operations. In transmit mode, when the TEND flag is set to 1 in SSR, the
TDRE flag is set simultaneously, generating a TX| interrupt. If the TXI request is designated
beforehand as a DMAC activation source, the DMAC will be activated by the TXI request and
will transfer the next transmit data. This data transfer by the DMAC automatically clears the
TDRE and TEND flagsto O. In the event of an error, the SCI automatically retransmits the same
data, keeping the TEND flag cleared to 0 so that the DMAC is not activated. The SCI and DMAC
will therefore automatically transmit the designated number of bytes, including retransmission
when an error occurs. When an error occurs, the ERS flag is not cleared automatically, so the RIE
bit should be set to 1 to enable the error to generate an ERI request, and the ERI interrupt handler
should clear ERS.

When using the DMAC to transmit or receive, first set up and enable the DMAC, then make SCI
settings. DMAC settings are described in section 7, DMA controller.

In receive operations, an RX| interrupt is requested when the RDRF flag isset to 1 in SSR. If the
RXI request is designated beforehand asa DMAC activation source, the DMAC will be activated
by the RX1 request and will transfer the received data. This data transfer by the DMAC
automatically clears the RDRF flag to 0. When an error occurs, the RDRF flag is not set and an
error flag is set instead. The DMAC is not activated. The ERI interrupt request is directed to the
CPU. The ERI interrupt handler should clear the error flags.
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Examples of Operation in GSM Mode: When switching between smart card interface mode and
software standby mode, use the following procedures to maintain the clock duty cycle.

* Switching from smart card interface mode to software standby mode

1. Setthe P9, dataregister (DR) and data direction register (DDR) to the values for the fixed
output state in software standby mode.

2. Write 0 in the TE and RE bitsin the serial control register (SCR) to stop transmit/receive
operations. At the same time, set the CKE1 bit to the value for the fixed output state in
software standby mode.

3. Write 0 in the CKEO hit in SCR to stop the clock.

4. Wait for one serial clock cycle. During this period, the duty cycleis preserved and clock
output is fixed at the specified level.

5. Write H'00 in the serial mode register (SMR) and smart card mode register (SCMR).
6. Make the transition to the software standby state.

* Returning from software standby mode to smart card interface mode

1. Clear the software standby state.

2. Set the CKEL bit in SCR to the value for the fixed output state at the start of software standby
(the current P94 pin state).

3. Set smart card interface mode and output the clock. Clock signal generation is started with the
normal duty cycle.

Software
Normal operation standby Normal operation

T ! T

@O @GeE) O @6

Figure14.10 Procedurefor Stopping and Restarting the Clock
Use the following procedure to secure the clock duty cycle after powering on.

1. Theinitia state is port input and high impedance. Use pull-up or pull-down resistorsto fix the
potential.

2. Fix at the output specified by the CKEL1 bit in SCR.
3. Set SMR and SCMR, and switch to smart card interface mode operation.
4. Setthe CKEO bitto 1in SCR to start clock output.
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14.4  Usage Notes

The following points should be noted when using the SCI as a smart card interface.

Recelve Data Sampling Timing and Receive Margin in Smart Card Interface Mode: In smart
card interface mode, the SCI operates on a base clock with afrequency of 372 times the transfer

rate. In reception, the SCI synchronizes internally with the fall of the start bit, which it samples on
the base clock. Receive dataiis latched at the rising edge of the 186th base clock pulse. The timing

isshown in figure 14.11.

372 clocks

186 clocks
e I

0 185

Internal base
clock

Receive data

(RXD) Start bit

iy

3710

185 371 0

UL UU LU

DO

~ —

D1

- A
_ o~

(. ((
)T )

)

Synchronization
sampling timing

J—
~

~

J—
~

Data sampling
timing ( ("
) )]

~

L,

Figure14.11 Receive Data Sampling Timingin Smart Card Interface Mode
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The receive margin can therefore be expressed as follows.
Receive margin in smart card interface mode:

Ip-05 |

M= (05— —)—(L-05)F - (1+F)| » 100%
2N

: Receive margin (%)
Ratio of clock frequency to bit rate (N = 372)
Clock duty cycle (L = 0to 1.0)
Frame length (L =10)
Absolute deviation of clock frequency

nmrozg

From the above equation, if F=0and D = 0.5, the receive margin is as follows.

WhenD =0.5and F=0:

M= (0.5—1/2 + 372) + 100%
= 49.866%

Retransmission: Retransmission is performed by the SCI in receive mode and transmit mode as
described below.

» Retransmission when SCI isin Receive Mode
Figure 14.12 illustrates retransmission when the SCI is in receive mode.

1. If an error isfound when the received parity bit is checked, the PER bit is automatically set to
1. If the RIE bit in SCR is set to the enable state, an ERI interrupt is requested. The PER bit
should be cleared to 0 in SSR before the next parity bit sampling timing.

2. The RDRF bit in SSR is not set for the frame in which the error has occurred.

3. If no error isfound when the received parity bit is checked, the PER bit isnot set to 1 in SSR.

4. If no error isfound when the received parity bit is checked, the receive operation is assumed to
have been completed normally, and the RDRF bit is automatically set to 1in SSR. If the RIE
bit in SCR is set to the enable state, an RX| interrupt isrequested. If RXI is enabled asa DMA
transfer activation source, the RDR contents can be read automatically. When the DMAC
reads the RDR data, the RDRF flag is automatically cleared to O.

5. When anormal frame is received, the data pin is held in the high-impedance state at the error
signal transmission timing.
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A2 A4

A A3

PER

Figure14.12 Retransmission in SCI Receive Mode

Retransmission when SCI isin Transmit Mode
Figure 14.13 illustrates retransmission when the SCI isin transmit mode.

6. If anerror signal is sent back from the receiving device after transmission of one frameis
completed, the ERS bitisset to 1 in SSR. If the RIE bit in SCR is set to the enable state, an
ERI interrupt is requested. The ERS bit should be cleared to 0 in SSR before the next parity bit
sampling timing.

7. The TEND bit in SSR is not set for the frame for which the error signal was received.

8. If an error signal is not sent back from the receiving device, the ERS flag is not set in SSR.

9. If anerror signal is not sent back from the receiving device, transmission of one frame,
including retransmission, is assumed to have been completed, and the TEND bitissetto 1in
SSR. If the TIE bit in SCR is set to the enable state, a TXI interrupt is requested. If TXI is
enabled asa DMA transfer activation source, the next data can be written in TDR
automatically. When the DMAC writes datain TDR, the TDRE bit is automatically cleared to
0.

‘<7 Frame n 4>%7 Retransmitted frame HF Frame n+1

-|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|—EE,—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp (DE) Ds|po|p1/p2|p34]
| TorRE L

*Transfer from TDR to TSR *Transfer from TDR to TSR *Transfer from TDR to TSR
TEND !
bm 49
ERS
b e

Figure 14.13 Retransmission in SCI Transmit Mode

Support of Block Transfer Mode: The smart card interface of this LS| supportsan IC card
(smart card) interface corresponding to T=0 (character transfer) in ISO/IEC 7816-3.
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Section 15 A/D Converter

151 Overview

The H8/3069R includes a 10-hit successive-approximations A/D converter with a selection of up
to eight analog input channels.

When the A/D converter is not used, it can be halted independently to conserve power. For details
see section 20.6, Module Standby Function.

15.1.1 Features
A/D converter features are listed below.

e 10-hit resolution
» Eight input channels
» Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog reference
voltage at the V.. pin.

» High-speed conversion

Conversion time: maximum 2.8 ps per channel (with 25 MHz system clock)
» Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous conversion on one to four channels
» Four 16-bit dataregisters

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

e Sample-and-hold function
* Three conversion start sources

The A/D converter can be activated by software, an external trigger, or an 8-bit timer compare
match.

e A/D interrupt requested at end of conversion

At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
e DMA controller (DMAC) activation

The DMAC can be activated at the end of A/D conversion.
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15.1.2

Block Diagram

Figure 15.1 shows a block diagram of the A/D converter.

Internal
Module data bus data bus
§ >
100N 0Q |z
E
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— >
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ADTRG interrupt signal

Compare match AQ —

8-bit timer

[Legend]
ADCR:

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

P

ADTE

TCSRO

A/D control register

A/D control/status register

A/D data register A
A/D data register B
A/D data register C
A/D data register D

Figure15.1 A/D Converter Block Diagram
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15.1.3 Input Pins

Table 15.1 summarizes the A/D converter’ sinput pins. The eight analog input pins are divided
into two groups: group 0 (AN, to AN,), and group 1 (AN, to AN,). AV and AV are the power
supply for the analog circuitsin the A/D converter. V.. isthe A/D conversion reference voltage.

Table15.1 A/D Converter Pins

Abbrevi-
Pin Name ation I/O Function
Analog power supply pin AV . Input  Analog power supply
Analog ground pin AV Input  Analog ground and reference voltage
Reference voltage pin Veer Input  Analog reference voltage
Analog input pin 0 AN, Input  Group 0 analog inputs
Analog input pin 1 AN, Input
Analog input pin 2 AN, Input
Analog input pin 3 AN, Input
Analog input pin 4 AN, Input  Group 1 analog inputs
Analog input pin 5 AN, Input
Analog input pin 6 AN, Input
Analog input pin 7 AN, Input

A/D external trigger input pin ADTRG  Input External trigger input for starting A/D conversion
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15.1.4 Register Configuration

Table 15.2 summarizes the A/D converter’ sregisters.

Table15.2 A/D Converter Registers

Address** Name Abbreviation R/W Initial Value
H'FFFEO A/D data register AH ADDRAH R H'00
H'FFFE1 A/D data register A L ADDRAL R H'00
H'FFFE2 A/D data register B H ADDRBH R H'00
H'FFFE3 A/D data register B L ADDRBL R H'00
H'FFFE4 A/D data register C H ADDRCH R H'00
H'FFFES A/D data register C L ADDRCL R H'00
H'FFFE6 A/D data register D H ADDRDH R H'00
H'FFFE7 A/D data register D L ADDRDL R H'00
H'FFFE8 A/D control/status register ADCSR R/(W)*?> H'00
H'FFFE9 A/D control register ADCR R/W H'7E

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written in bit 7, to clear the flag.
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152 Register Descriptions

1521 A/D Data Registers A toD (ADDRA to ADDRD)

Bit 15 14 18 12 11 10 9 8 7 6 S5 4 3 2 1 O
ADDRnN ‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o o o o o o o o o o o o

ReadWrite R R R R R R R R R R R R R R R R
(n=AtoD) ‘ ‘

A/D conversion data Reserved bits
10-bit data giving an
A/D conversion result

The four A/D dataregisters (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the
upper byte of the A/D dataregister. The lower 2 hits are stored in the lower byte. Bits5to 0 of an
A/D dataregister are reserved bits that are alwaysread as 0. Table 15.3 indicates the pairings of
analog input channels and A/D data registers.

The CPU can always read and write the A/D data registers. The upper byte can be read directly,
but the lower byte isread through atemporary register (TEMP). For details see section 15.3, CPU
Interface.

The A/D dataregisters areinitialized to H'0000 by areset and in standby mode.

Table15.3 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group 0 Group 1 A/D Data Register
AN, AN, ADDRA
AN, AN, ADDRB
AN, AN, ADDRC
AN AN ADDRD

3 7
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15.2.2 A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

Channel select 2to 0
These bits select analog
input channels

Clock select
Selects the A/D conversion time

Scan mode
Selects single mode or scan mode

A/D start
Starts or stops A/D conversion

A/D interrupt enable
Enables and disables A/D end interrupts

A/D end flag
Indicates end of A/D conversion

Note: * Only O can be written, to clear the flag.

ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/D converter.
ADCSR isinitialized to H'00 by areset and in standby mode.
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Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7
ADF Description
0 [Clearing condition] (Initial value)

Read ADF when ADF =1, then write 0 in ADF.
DMAC activated by ADI interrupt.

1 [Setting conditions]
Single mode: A/D conversion ends
Scan mode: A/D conversion ends in all selected channels

Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6

ADIE Description

0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin, or by an 8-bit
timer compare match.

Bit 5

ADST Description

0 A/D conversion is stopped (Initial value)
1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 when

conversion ends.

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a transition to
standby mode.
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Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 15.4, Operation. Clear the ADST bit to O before switching
the conversion mode.

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST bit to O before
switching the conversion time.

Bit 3

CKS Description

0 Conversion time = 134 states (maximum) (Initial value)
1 Conversion time = 70 states (maximum)

Bits 2 to 0—Channel Select 2to 0 (CH2 to CHO): These bits and the SCAN hit select the analog
input channels. Clear the ADST bhit to 0 before changing the channel selection.

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 AN, (Initial value) AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
1 0 0 AN, AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
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15.2.3 A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1 0
mee | — | — | = | - - | -] -]

Initial value 0 1 1 1 1 1 1 0

Read/Write R/W — — — — — — R/W

Reserved bits

Trigger enable
Enables or disables starting of A/D conversion
by an external trigger or 8-bit timer compare match

ADCR isan 8-hit readable/writable register that enables or disables starting of A/D conversion by
external trigger input or an 8-hit timer compare match signal. ADCR isinitialized to H'7F by a
reset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables starting of A/D conversion by an external
trigger or 8-hit timer compare match.

Bit 7

TRGE Description

0 Starting of A/D conversion by an external trigger or 8-bit timer (Initial value)
compare match is disabled

1 A/D conversion is started at the falling edge of the external trigger

signal (ADTRG) or by an 8-bit timer compare match

External trigger pin and 8-bit timer selection are performed by the 8-bit timer. For details, see
section 10, 8-Bit Timers.

Bits 6 to 1—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 0—Reserved: This bit can be read or written, but must not be set to 1.
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15.3 CPU Interface

ADDRA to ADDRD are 16-hit registers, but they are connected to the CPU by an 8-bit data bus.
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byteisread
through an 8-hit temporary register (TEMP).

An A/D dataregister isread as follows. When the upper byte is read, the upper-byte value is
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the
lower byte isread, the TEMP contents are transferred to the CPU.

When reading an A/D data register, aways read the upper byte before the lower byte. It is
possible to read only the upper byte, but if only the lower byteis read, incorrect data may be
obtained.

Figure 15.2 shows the data flow for accessto an A/D dataregister.

Upper-byte read

Module data bus

CPU :
(H'AA) Bus interface
TEMP
(H'40)
ADDRNH ADDRnNL
(H'AA) (H'40)
(n=AtoD)

Lower-byte read

Module data bus

(CHP'A%JO) Bus interface
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Figure15.2 A/D Data Register Access Operation (Reading H'AA40)
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154  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes: single mode and scan mode.

15.4.1 SingleMode (SCAN =0)

Single mode should be selected when only one A/D conversion on one channel isrequired. A/D
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to 0 when
conversion ends.

When conversion ends the ADF bitisset to 1. If the ADIE hitisaso setto 1, an ADI interrupt is
requested at thistime. To clear the ADF flag to O, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be
et at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN,) is selected in single mode are described next.
Figure 15.3 shows atiming diagram for this example.

1. Single modeis selected (SCAN = 0), input channel AN, is selected (CH2 = CH1 =0,

CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started

(ADST =1).

When A/D conversion is completed, the result is transferred into ADDRB. At the same time
the ADF flag is set to 1, the ADST bit is cleared to O, and the A/D converter becomesidle.
Since ADF =1and ADIE = 1, an ADI interrupt is requested.

The A/D interrupt handling routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB).

Execution of the A/D interrupt handling routine ends. After that, if the ADST hitisset to 1,
A/D conversion starts again and steps 2 to 7 are repeated.

N

N o o~ Ww
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Figure 15.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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15.4.2  Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputsin a group of one or more channels. When the
ADST bitisset to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (AN, when CH2 = 0, AN, when CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second channel (AN, or
AN,) startsimmediately. A/D conversion continues cyclically on the selected channels until the
ADST bhitiscleared to 0. The conversion results are transferred for storage into the A/D data
registers corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channelsin group 0 (AN, to AN,) are selected in scan mode are
described next. Figure 15.4 shows atiming diagram for this example.

1. Scan modeisselected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels
AN, to AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of thefirst channel (AN,) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN,) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN.,).

4. When conversion of al selected channels (AN, to AN,) is completed, the ADF flag isset to 1
and conversion of the first channel (AN,) starts again. If the ADIE bit isset to 1, an ADI
interrupt is requested at thistime.

5. Steps2to 4 arerepeated aslong asthe ADST hit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bitisset to 1, A/D conversion
starts again from the first channel (AN,).
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Figure 15.4 Exampleof A/D Converter Operation (Scan Mode,

Channels AN, to AN, Selected)
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15.4.3  Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 15.5 shows the A/D
conversion timing. Table 15.4 indicates the A/D conversion time.

Asindicated in figure 15.5, the A/D conversion time includest, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. The total conversion
time therefore varies within the ranges indicated in table 15.4.

In scan mode, the values given in table 15.4 apply to the first conversion. In the second and
subsequent conversions the conversion timeis fixed at 128 states when CKS = 0 or 66 states when
CKS=1

@

o

Address bus

Write signal

Input sampling
timing ((

—
N
~

ADF

[}
Y
A
Y

tD tSPL

A
'

tCONV

[Legend]

2): ADCSR write cycle

(2): ADCSR address

tp: A/D conversion start delay time
tspL: Input sampling time

tcony: A/D conversion time

Figure15.5 A/D Conversion Timing
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Table15.4 A/D Conversion Time (Single M ode)

CKS =0 CKs=1
Symbol Min Typ Max Min Typ Max
Synchronization delay t, 6 — 9 4 — 5
Input sampling time ton — 31 — — 15 —
A/D conversion time teony 131 — 134 69 — 70

Note: Values in the table are numbers of states.

15.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit isset to 1 in ADCR and the 8-bit
timer's ADTE bit is cleared to O, external trigger input is enabled at the ADTRG pin. A high-to-
low transition at the ADTRG pin setsthe ADST hit to 1in ADCSR, starting A/D conversion.
Other operations, in both single and scan modes, are the same as if the ADST hit had been setto 1
by software. Figure 15.6 shows the timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

ot

Figure15.6 External Trigger Input Timing
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155 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
reguest can be enabled or disabled by the ADIE bit in ADCSR. The ADI interrupt request can be
designated asa DMAC activation source. In this case, an interrupt request is not sent to the CPU.

156 Usage Notes
When using the A/D converter, note the following points:

1. Anaog Input Voltage Range: During A/D conversion, the voltages input to the analog input
pinsshould bein therange AV < AN, <V ...

2. Relationshipsof AV_and AV toV _andV AV _, AV V., and Vshould berelated as
follows: AV = V. AV and AV must not be left open, even if the A/D converter is not
used.

3. V. Programming Range: The reference voltage input at the V. pin should be in the range

VREF S AVCC'

4. Note on Board Design: In board layout, separate the digital circuits from the analog circuits as
much as possible. Particularly avoid layouts in which the signal lines of digital circuits cross or
closely approach the signal lines of analog circuits. Induction and other effects may cause the
analog circuits to operate incorrectly, or may adversely affect the accuracy of A/D conversion.

The analog input signals (AN, to AN.), analog reference voltage (V..), and analog supply
voltage (AV ) must be separated from digital circuits by the analog ground (AV). The
analog ground (AV ) should be connected to a stable digital ground (V) at one point on the
board.

5. Noteon Noise: To prevent damage from surges and other abnormal voltages at the analog
input pins (AN, to AN,) and analog reference voltage pin (V..), connect a protection circuit
like the one in figure 15.7 between AV . and AV . The bypass capacitors connected to AV
and V. and the filter capacitors connected to AN, to AN, must be connected to AV . If filter
capacitors like the onesin figure 15.7 are connected, the voltage valuesinput to the analog
input pins (AN, to AN,) will be smoothed, which may give rise to error. Error can also occur if
A/D conversion is frequently performed in scan mode so that the current that charges and
discharges the capacitor in the sample-and-hold circuit of the A/D converter becomes greater
than that input to the analog input pins viainput impedance Rin. The circuit constants should
therefore be selected carefully.
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/_\_/

AVce

VREF

ANO to AN7

AVgsg

/\/

Notes: 1.

10 pF 0.01 pF

2. Rin:input impedance

Figure 15.7 Example of Analog Input Protection Circuit

Table15.5 Analog Input Pin Ratings

Item min max Unit
Analog input capacitance — 20 pF
Allowable signal-source impedance — 10* kQ

Note: * When conversion time = 134 states, V_.=4.5Vt0 5.5V, and ¢< 13 MHz. For details
see section 21, Electrical Characteristics.

10 kQ

ANg to AN< O—\/\/\/‘T> To A/D converter
I 20 pF

Figure15.8 Analog Input Pin Equivalent Circuit

Note: Numeric values are approximate, except in table 15.5
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. A/D Conversion Accuracy Definitions: A/D conversion accuracy in the H8/3069R is defined

asfollows:

Resolution: ................... Digital output code length of A/D converter

Offset error:.......cc...... Deviation from ideal A/D conversion characteristic of analog input
voltage required to raise digital output from minimum voltage value
0000000000 to 0000000001 (figure 15.10)

Full-scale error:............ Deviation from ideal A/D conversion characteristic of analog input
voltage required to raise digital output from 1111111110 to
1111111111 (figure 15.10)

Quantization error: ....... Intrinsic error of the A/D converter; 1/2 LSB (figure 15.9)

Nonlinearity error: ....... Deviation from ideal A/D conversion characteristic in range from zero

voltsto full scale, exclusive of offset error, full-scale error, and
quantization error.

Absolute accuracy:........ Deviation of digital value from analog input value, including offset
error, full-scale error, quantization error, and nonlinearity error.

Digital
output

111
110 -
101 -
100 -
011 -
010 -

001 -

Ideal A/D conversion —=
characteristic

b

000 ‘

Quantization error

1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS

Analog input
voltage

Figure15.9 A/D Converter Accuracy Definitions (1)
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Full-scale

Digital error

output i
Ideal A/D
conversion
characteristic

-
Nonlinearity
error
-—-— Actual A/D conversion
characteristic

FS

L

Analog input

Offset error voltage

Figure15.10 A/D Converter Accuracy Definitions (2)

7. Allowable Signal-Source Impedance: The analog inputs of the H8/3069R are designed to
assure accurate conversion of input signals with a signal-source impedance not exceeding 10
kQ. The reason for thisrating is that it enables the input capacitor in the sample-and-hold
circuit in the A/D converter to charge within the sampling time. If the sensor output impedance
exceeds 10 kQ, charging may be inadequate and the accuracy of A/D conversion cannot be
guaranteed.

If alarge external capacitor is provided in single mode, then the internal 10-kQ input
resistance becomes the only significant load on the input. In this case the impedance of the
signal sourceis not a problem.

A large external capacitor, however, acts as alow-pass filter. This may make it impossible to
track analog signals with high dv/dt (e.g. avariation of 5 mV/ps) (figure 15.11). To convert
high-speed analog signals or to use scan mode, insert alow-impedance buffer.

8. Effect on Absolute Accuracy: Attaching an external capacitor creates a coupling with ground,
so if thereis noise on the ground line, it may degrade absolute accuracy. The capacitor must be
connected to an electrically stable ground, suchasAV .

If afilter circuit is used, be careful of interference with digital signals on the same board, and
make sure the circuit does not act as an antenna.
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Sensor
input

HB8/3069R

Sensor output impedance

Up to 10 kQ

Equivalent circuit of
A/D converter

10 kQ

e e R

Hilter C 15pF
EUp to 0.1 uF '

20 pF

1
v

Figure15.11 Analog Input Circuit (Example)
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Section 16 D/A Converter

16.1 Overview

The H8/3069R includes a D/A converter with two channels.

16.1.1 Features
D/A converter features are listed below.

» Eight-bit resolution

e Two output channels

* Conversion time: maximum 10 ps (with 20-pF capacitive load)
* Output voltage: 0V to V..

» D/A outputs can be sustained in software standby mode

16.1.2 Block Diagram

Figure 16.1 shows a block diagram of the D/A converter.

Internal
data bus

>

Module data bus

00 00

Bus interface

—

VREF
AV —

DA, = | 8bitD/A

DADRO
DADR1
DACR
DASTCR

AVgg —*

U

Control circuit

<

[Legend]

DACR: D/A control register
DADRO: D/A data register 0

DADR1: D/A data register 1
DASTCR: D/A standby control register

Figure16.1 D/A Converter Block Diagram
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16.1.3  Input/Output Pins

Table 16.1 summarizes the D/A converter’sinput and output pins.

Table16.1 D/A Converter Pins

Pin Name Abbreviation /O Function

Analog power supply pin AV

cCc

Input Analog power supply and reference voltage

Analog ground pin AV Input Analog ground and reference voltage
Analog output pin 0 DA, Output  Analog output, channel 0
Analog output pin 1 DA, Output  Analog output, channel 1

Reference voltage input pin V.

Input Analog reference voltage

16.1.4 Register Configuration

Table 16.2 summarizes the D/A converter’ sregisters.

Table16.2 D/A Converter Registers

Address* Name Abbreviation R/W Initial Value
H'FFFOC D/A data register 0 DADRO R/W H'00
H'FFFOD D/A data register 1 DADR1 R/W H'00
H'FFFOE D/A control register DACR R/W H'1F
H'EEO1A D/A standby control register DASTCR R/W H'FE

Note: * Lower 20 bits of the address
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16.2 Register Descriptions

16.2.1 D/A Data RegistersOand 1 (DADRO0/1)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The D/A dataregisters (DADRO and DADRY) are 8-bit readable/writable registers that store the
data to be converted. When analog output is enabled, the D/A data register values are constantly
converted and output at the analog output pins.

The D/A dataregisters areinitialized to H'00 by areset and in standby mode.

When the DASTE bit isset to 1 in the D/A standby control register (DASTCR), the D/A registers
are not initialized in software standby mode.

16.2.2 D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0
‘ DAOE1 ‘ DAOEO‘ DAE ‘ — ‘ — ‘ — ‘ - ‘ — ‘
Initial value 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W — — — — _
D/A enable

Controls D/A conversion

D/A output enable 0
Controls D/A conversion and analog output

D/A output enable 1
Controls D/A conversion and analog output

DACR is an 8-bit readable/writable register that controls the operation of the D/A converter.
DACRIsinitialized to H'1F by areset and in standby mode.

When the DASTE hit isset to 1in DASTCR, the DACR is not initialized in software standby
mode.
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Bit 7—D/A Output Enable 1 (DAOEL1): Controls D/A conversion and analog output.

Bit 7

DAOE1 Description

0 DA, analog output is disabled

1 Channel-1 D/A conversion and DA, analog output are enabled

Bit 6—D/A Output Enable 0 (DAOEQ): Controls D/A conversion and analog output.

Bit 6

DAOEO Description

0 DA, analog output is disabled

1 Channel-0 D/A conversion and DA, analog output are enabled

Bit 5—D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO and DAOEL.
When the DAE bit is cleared to 0, analog conversion is controlled independently in channels 0
and 1. When the DAE bit is set to 1, analog conversion is controlled together in channels 0 and 1.
Output of the conversion resultsis always controlled independently by DAOEO and DAOEL.

Bit 7 Bit 6 Bit5
DAOE1 DAOEO DAE Description

0 0 — D/A conversion is disabled in channels 0 and 1

1 0 D/A conversion is enabled in channel 0

D/A conversion is disabled in channel 1

D/A conversion is enabled in channels 0 and 1

1 0 0 D/A conversion is disabled in channel O
D/A conversion is enabled in channel 1

1 D/A conversion is enabled in channels 0 and 1

1 — D/A conversion is enabled in channels 0 and 1

When the DAE bhit is set to 1, even if bits DAOEO and DAOE1L in DACR and the ADST bit in
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A/D
and D/A conversion.

Bits 4 to 0—Reserved: These bits cannot be modified and are awaysread as 1.
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16.2.3 D/A Standby Control Register (DASTCR)

DASTCR is an 8-hit readable/writable register that enables or disables D/A output in software
standby mode.

Bit 7 6 5 4 3 2 1 0

- = =l =] =1 =] — |oasm
Initial value 1 1 1 1 1 1 1 0
Read/Write — — — — — — — R/W

| |
Reserved bits ‘
D/A standby enable
Enables or disables D/A output
in software standby mode

DASTCRIisinitialized to H'FE by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 1—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 0—D/A Standby Enable (DASTE): Enables or disables D/A output in software standby
mode.

Bit 0

DASTE Description

0 D/A output is disabled in software standby mode (Initial value)
1 D/A output is enabled in software standby mode
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16.3 Operation

The D/A converter has two built-in D/A conversion circuits that can perform conversion
independently.

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADR1 value
ismodified, conversion of the new data beginsimmediately. The conversion results are output
when bits DAOEO and DAOEL are set to 1.

An example of D/A conversion on channel 0 is given next. Timing isindicated in figure 16.2.

1. Datato be converted iswritten in DADRO.
2. Bit DAOEQissetto 1in DACR. D/A conversion starts and DAO becomes an output pin. The
converted result is output after the conversion time.

DADR contents
256
Output of this conversion result continues until the value in DADRO is modified or the
DAOEQ hit is cleared to 0.
3. If the DADRO value is modified, conversion startsimmediately, and the result is output after
the conversion time.
4. When the DAOEO hit is cleared to 0, DAO becomes an input pin.

The output valueis * VRer
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DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle

» [ULUIL

DADRO >< Conversion data 1 Conversion data 2
DAOEO _
o - Conversion
DAo — Conversion Te-o__|result2 —
High-impedance state result 1 D —
tbconv tbconv
[Legend]

tpcony : D/A conversion time

Figure 16.2 Example of D/A Converter Operation

164  D/A Output Control
In the H8/3069R, D/A converter output can be enabled or disabled in software standby mode.

When the DASTE hit isset to 1 in DASTCR, D/A converter output is enabled in software standby
mode. The D/A converter registers retain the values they held prior to the transition to software
standby mode.

When D/A output is enabled in software standby mode, the reference supply current is the same as
during normal operation.

Rev. 5.0, 09/04, page 569 of 978
RENESAS




Rev. 5.0, 09/04, page 570 of 978
RENESAS



Section 17 RAM

171  Overview

The H8/3069R has 16 kbytes RAM. The RAM is connected to the CPU by a 16-bit data bus. The
CPU accesses both byte data and word datain two states, making the RAM useful for rapid data
transfer.

The on-chip RAM of the H8/3069R is assigned to addresses H'FBF20 to H'FFF1F in modes 1, 2,
and 7, and to addresses H'FFBF20 to H'FFFF1F in modes 3, 4, and 5. The RAM enable bit
(RAME) in the system control register (SY SCR) can enable or disable the on-chip RAM.

17.1.1  Block Diagram

Figure 17.1 shows a block diagram of the on-chip RAM.

On-chip data bus (upper 8 bits)

N A

On-chip data bus (lower 8 bits)

0

Bus interface SYSCR
H'FBF20* H'FBF21*
HFBF22* H'FBF23*
:: On-chip RAM ::
H'FFF1E* H'FFF1F*
Even addresses QOdd addresses

[Legend]
SYSCR: System control register

Note: * Lower 20 bits of the address in mode 7.

Figure17.1 RAM Block Diagram
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17.1.2 Register Configuration

The on-chip RAM is controlled by SYSCR. Table 17.1 gives the address and initial value of
SYSCR.

Table17.1 System Control Register

Address* Name Abbreviation R/W Initial Value

H'EE012 System control register SYSCR R/W H'09

Note: * Lower 20 bits of the address in advanced mode.

17.2  System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

\
RAM enable bit
Enables or disables

on-chip RAM

Software standby
output port enable

NMI edge select

User bit enable

Standby timer select 2to 0

Software standby

One function of SY SCR isto enable or disable access to the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bit in SY SCR. For details about the other bits, see section 3.3,
System Control Register (SY SCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hitis

initialized at the rising edge of the input at the RES pin. It isnot initialized in software standby
mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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17.3 Operation

When the RAME hit is set to 1, the on-chip RAM is enabled. Accesses to addresses H'FBF20 to
H'FFF1F in modes 1, 2, and 7, and to addresses H'FFBF20 to H'FFFF1F in the H8/3069R in
modes 3, 4, and 5, are directed to the on-chip RAM. In modes 1 to 5 (expanded modes), when the
RAME bit is cleared to 0, the off-chip address space is accessed. In mode 7 (single-chip mode),
when the RAME bit is cleared to 0, the on-chip RAM is not accessed: read access always results
in H'FF data, and write accessisignored.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written
and read by word access. It can also be written and read by byte access. Byte datais accessed in
two states using the upper 8 bits of the data bus. Word data starting at an even addressis accessed
in two states using al 16 bits of the data bus.
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Section 18 ROM

181 Features
This LSl has an on-chip 512-kbyte flash memory. The flash memory has the following features.

e Two flash-memory MATs according to LS initiation mode
The on-chip flash memory has two memory spaces in the same address space (hereafter
referred to as memory MATS). The mode setting in the initiation determines which memory
MAT isinitiated first. The MAT can be switched by using the bank-switching method after
initiation.
O The user memory MAT isinitiated at a power-on reset in user mode: 512 kbytes
0 The user boot memory MAT isinitiated at a power-on reset in user boot mode:8 kbytes

e Three on-board programming modes and one off-board programming mode
0 On-board programming modes

Boot mode: This mode is a program mode that uses an on-chip SCI interface. The user MAT and
user boot MAT can be programmed. This mode can automatically adjust the bit rate between host
and thisLSl.

User program mode: The user MAT can be programmed by using the optional interface.

User boot mode: The user boot program of the optional interface can be made and the user MAT
can be programmed.

0 Off-board programming mode

PROM mode: This mode uses the PROM programmer. The user MAT and user boot MAT can
be programmed.

e Programming/erasing interface by the download of on-chip program
This LS| has adedicated programming/erasing program. After downloading this program to
the on-chip RAM, programming/erasing can be performed by setting the argument parameter.
0 User branch*

The program processing is performed in 128-byte units. It consists the program pulse application,
verify read, and several other steps. Erasing is performed in one divided-block units and consists
of several steps. The user processing routine can be executed between the steps, this setting for
which is called the user branch addition.

Note: * Not available in the H8/3069R.
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e Emulation function of flash memory by using the on-chip RAM
Asflash memory is overlapped with part of the on-chip RAM, the flash memory programming
can be emulated in real time.

» Protection modes
There aretwo protection modes: software protection by the register setting and hardware
protection by the FWE pin. The protection state for flash memory programming/erasing can be
Set.
When abnormalities, such as runaway of programming/erasing are detected, these modes enter
the error protection state and the programming/erasing processing is suspended.

e Programming/erasing time
The flash memory programming time is 3 ms (typ) in 128-byte simultaneous programming
and 25 ps per byte. The erasing time is 1000 ms (typ) per 64 kbyte block.

e Number of programming
The number of flash memory programming can be up to minimum 100 times.
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18.2

18.21

Overview

Block Diagram

Internal address bus

Internal data bus (16 bits)

Module bus

FCCS
FPCS
FECS
FKEY
FMATS
FTDAR
RAMCR

Control unit

Memory MAT unit

User MAT: 512 kbytes
User boot MAT: 8 kbytes

FVACR

| Fccs |

FVADR

Flash memory

FWE pin
Mode pin

[Legend]
FCCs:
FPCS:
FECS:
FKEY:
FMATS:
FTDAR:
RAMCR:
FVACR:
FVADR:

Operating
mode

Flash code control and status register
Flash program code select register

Flash erase code select register

Flash key code register

Flash MAT select register

Flash transfer destination address register
RAM control register

Flash vector address control register
Flash vector address data register

Figure18.1 Block Diagram of Flash Memory
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18.2.2 Operating Mode

When each mode pin and the FWE pin are set in the reset state and reset start is performed, the
microcomputer enters each operating mode as shown in figure 18.2. For the setting of each mode
pin and the FWE pin, see table 18.1.

» Fash memory cannot be read, programmed, or erased in ROM invalid mode.

» Flash memory can be read in user mode, but cannot be programmed or erased.

» Flash memory can be read, programmed, or erased on the board only in user program mode,
user boot mode, and boot mode.

» Flash memory can be read, programmed, or erased by means of the PROM programmer in
PROM mode.

RES=0 ( RES=0

ROMinvalid |4 — , PROM mode
mode ROM invalid Reset state PROM mode setting

mode setting

A

User boot Boot mode
mode

User program
mode

User mode

RAM emulation is enabled

N

On-board programming mode

Figure18.2 Mode Transition of Flash Memory
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Table18.1 Location of FWE and MD Pins and Operating M odes

Mode
On-chip On-chip
ROM ROM User User
Reset invalid valid program  boot Boot PROM

Pin state mode* mode* mode mode mode mode
RES 0 1 1 1 1 1 1
FWE 0/1 0 0 1 1 1 1
MDO 0/1 0/1 0 1 1 1 1 0
MD1 0/1 0/1 0 0/1 0/1 0/1 0/1 0
MD2 0/1 0 1 1 1 0 0 0
NMI 0/1 0/1 0/1 0/1 0 1 0/1

Note: * Modes 1 to 4 are on-chip ROM invalid modes.
Modes 5 and 7 are on-chip ROM valid modes. For details, see section 3, MCU

Operating Modes.
18.2.3 Mode Comparison

The comparison table of programming and erasing related items about boot mode, user program
mode, user boot mode, and PROM mode is shown in table 18.2.
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Table 18.2 Comparison of Programming M odes

Boot mode

User program
mode

User boot mode

PROM mode

Programming/
Erasing
Environment

On-board
programming

On-board
programming

On-board
programming

Off-board
programming

Programming/ User MAT User MAT User MAT User MAT
Erasing Enable User boot MAT User boot MAT
MAT

All Erasure O (Automatic) O O O (Automatic)
Block Division O ** O O X

Erasure

Program Data
Transfer

From host via
SCI

From optional
device via RAM

From optional
device via RAM

Via programmer

User Branch
Function

X

X

X

RAM Emulation X O X X
Reset Initiation Embedded User MAT User boot MAT**  —
MAT program storage

MAT
Transition to Mode setting FWE setting Mode setting —
User Mode change and reset change change and reset

Notes: 1. All-erasure is performed. After that, the specified block can be erased.

2. Initiation starts from the embedded program storage MAT. After checking the flash-
memory related registers, initiation starts from the reset vector of the user MAT.

e Theuser boot MAT can be programmed or erased only in boot mode and PROM mode.

e Theuser MAT and user boot MAT are erased in boot mode. Then, the user MAT and user
boot MAT can be programmed by means of the command method. However, the contents of
the MAT cannot be read until this state.
Only user boot MAT is programmed and the user MAT is programmed in user boot mode or
only user MAT is programmed because user boot mode is not used.

« The boot operation of the optional interface can be performed by the mode pin setting

different from user program mode in user boot mode.
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18.24 Flash MAT Configuration

This LSI’ s flash memory is configured by the 512-kbyte user MAT and 8-kbyte user boot MAT.

The start addressis allocated to the same addressin the user MAT and user boot MAT. Therefore,
when the program execution or data access is performed between two MATS, the MAT must be
switched by using FMATS.

The user MAT or user boot MAT can beread in al modesif it isin ROM valid mode. However,
the user boot MAT can be programmed only in boot mode and PROM mode.

<User MAT>

Address H'000000

Address H'O7FFFF

Address H'000000

Address H'001FFF

512 kbytes

<User Boot MAT>

18 kbytes

Figure 18.3 Flash Memory Configuration

The user MAT and user boot MAT have different memory sizes. Do not access a user boot MAT
that is 8 kbytes or more. When a user boot MAT exceeding 8 kbytesis read from, an undefined

valueisread.

18.2.5 Block Division

The user MAT isdivided into 64 kbytes (seven blocks), 32 kbytes (one block), and 4 kbytes (eight
blocks) as shown in figure 18.4. The user MAT can be erased in this divided-block units and the
erase-block number of EBO to EB15 is specified when erasing.

The RAM emulation can be performed in the eight blocks of 4 kbytes.
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<User MAT> Erase block

Address H'000000 EBO
A 4 kbyteSXS: to *
EB7
32 kbytes EBS
64 kbytes EB9
(%]
2 64 kbytes EB10
=y
X
N 64 kbytes EB11
n
64 kbytes EB12
64 kbytes EB13
64 kbytes EB14
M 4k
Address HOTFFFF | 4 KPYtes EB15

Note: *The RAM emulation can be performed in the eight blocks of 4 kbytes.

Figure18.4 Block Division of User MAT

18.2.6  Programming/Erasing Interface

Programming/erasing is executed by downloading the on-chip program to the on-chip RAM and
specifying the program address/data and erase block by using the interface register/parameter.

The procedure program is made by the user in user program mode and user boot mode. The
overview of the procedure is as follows. For details, see section 18.5.2, User Program Mode.
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Start user procedure
program for

programming/erasing
[

Select on-chip program
to be downloaded and
set downloac‘i destination
Download on-chip
program by setting
FKEY and the SCO bits

Initialization execution
(download program execution)

>

Programming (in 128-byte
units) or erasing (in
one-block units)
(download program execution)

Programming/erasing
0 completed?

Yes

End user procedure
program

Figure18.5 Overview of User Procedure Program

1. Selection of on-chip program to be downloaded and setting of download destination

This LSl has programming/erasing programs and they can be downloaded to the on-chip RAM.
The on-chip program to be downloaded is selected by setting the corresponding bitsin the
programming/erasing interface register. The download destination can be specified by FTDAR.

2. Download of on-chip program

The on-chip program is automatically downloaded by setting the SCO bit in the flash key code
register (FKEY) and the flash code control and status register (FCCS), which are programming/
erasing interface registers.

The user MAT is replaced to the embedded program storage area when downloading. Since the
flash memory cannot be read when programming/erasing, the procedure program, which is
working from download to completion of programming/erasing, must be executed in a space other
than the flash memory to be programmed/erased (for example, on-chip RAM).

Since the result of download is returned to the programming/erasing interface parameters, whether
the normal download is executed or not can be confirmed.
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3. Initidization of programming/erasing

The operating frequency and user branch are set before execution of programming/erasing. The
user branch destination must be area other than the flash memory area or the area where the on-
chip program is downloaded. These settings are performed by using the programming/erasing
interface parameters.

4. Programming/erasing execution
To program or erase, the FWE pin must be set to 1 and user program mode must be entered.

The program data/programming destination address is specified in 128-byte units when
programming.

The block to be erased is specified in erase-block units when erasing.

These specifications are set by using the programming/erasing interface parameters and the on-
chip program isinitiated. The on-chip program is executed by using the JSR or BSR instruction to
perform the subroutine call of the specified address in the on-chip RAM. The execution result is
returned to the programming/erasing interface parameters.

The area to be programmed must be erased in advance when programming flash memory.

All interrupts are prohibited during programming and erasing. I nterrupts must not occur in the
user system.

5. When programming/erasing is executed consecutively

When the processing is not ended by the 128-byte programming or one-block erasure, the
program address/data and erase-block number must be updated and consecutive
programming/erasing is required.

Since the downloaded on-chip program is left in the on-chip RAM after the processing, download
and initialization are not required when the same processing is executed consecutively.
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18.3  Pin Configuration
Flash memory is controlled by the pin as shown in table 18.3.

Table18.3 Pin Configuration

Pin Name Abbreviation Input/Output Function

Reset RES Input Reset

Flash programming FWE Input Hardware protection when programming

enable flash memory

Mode 2 MD2 Input Sets operating mode of this LSI

Mode 1 MD1 Input Sets operating mode of this LSI

Mode 0 MDO Input Sets operating mode of this LSI

Non-maskable NMI Input Sets operating mode of this LSI

interrupt

Transmit data TxD1 Output Serial transmit data output (used in boot
mode)

Receive data RxD1 Input Serial receive data input (used in boot
mode)

Note: For the pin configuration in PROM mode, see section 18.9, PROM Mode.
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184  Register Configuration

184.1 Registers

The registers/parameters which control flash memory when the on-chip flash memory isvalid are
shown in table 18.4.

There are several operating modes for accessing flash memory, for example, read mode/program
mode.

There are two memory MATS: user MAT and user boot MAT. The dedicated registers/parameters
are allocated for each operating mode and MAT selection. The correspondence of operating
modes and registers/parameters for use is shown in table 18.5.
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Table18.4(1) Register Configuration

Initial Access
Name Abbreviation R/W Value Address Size
Flash code control status FCCS R, W**  H'00*? H'EEOBO 8
register H'80**
Flash program code select FPCS R/W H'00 H'EEOB1 8
register
Flash erase code select FECS R/W H'00 H'EEOB2 8
register
Flash key code register FKEY R/W H'00 H'EEOB4
Flash MAT select register FMATS R/W H'00*° H'EEOBS

H'AA*®
Flash transfer destination FTDAR R/W H'00 H'EEOB6 8
address register
RAM control register RAMCR R/W H'FO H'EEOQO77
Flash vector address code  FVACR R/W H'00 H'EEOB7
control register
Flash vector address data FVADRR R/W H'00 H'EEOB8 8
register R
Flash vector address data FVADRE R/W H'00 H'EEOB9 8
register E
Flash vector address data FVADRH R/W H'00 H'EEOBA 8
register H
Flash vector address data FVADRL R/W H'00 H'EEOBB 8
register L

Notes: 1. The bits except the SCO bit are read-only bits. The SCO bit is a programming-only bit.
(The value which can be read is always 0.)

2. The initial value is H'00 when the FWE pin goes low.
The initial value is H'80 when the FWE pin goes high.

3. The initial value at initiation in user mode or user program mode is H'00.
The initial value at initiation in user boot mode is H'AA.
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Table18.4(2) Parameter Configuration

Initial Access
Name Abbreviation R/W Value Address Size
Download pass/fail result DPFR R/W Undefined  On-chip RAM* 8, 16, 32
Flash pass/fail result FPFR R/W Undefined ROL of CPU 8, 16, 32
Flash multipurpose FMPAR R/W Undefined ER1 of CPU 8, 16, 32
address area
Flash multipurpose data FMPDR R/W Undefined ERO of CPU 8, 16, 32
destination area
Flash erase block select FEBS R/W Undefined ERO of CPU 8, 16, 32
Flash program and erase FPEFEQ R/W Undefined ERO of CPU 8, 16, 32
frequency control
Flash user branch address FUBRA R/W Undefined ER1 of CPU 8, 16, 32

set parameter

Note: * One byte of the start address in the on-chip RAM area specified by FTDAR is valid.
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Table 18.5 Register/Parameter and Target Mode

Initiali- Program- RAM
Download zation ming Erasure Read Emulation
Programming/ FCCS ©) — — — — _
erasing FPCS O — — — — —
interface PECS O — — — — —
registers FKEY O — o (@) — —
FMATS — — O *? O ! O *? —
FTDAR O — — — — —
Programming/ DPFR O — — — — —
erasing FPFR — O @) O — —
interface FPEFEQ — O — — — —
parameter FUBRA — O — — — _
FMPAR — — O — — —
FMPDR — — O — — _
FEBS — — — O — —
RAM emulation RAMCR — — — — — @)

Notes: 1. The setting is required when programming or erasing user MAT in user boot mode.

2. The setting may be required according to the combination of initiation mode and read
target MAT.

18.4.2 Programming/Erasing I nterface Register

The programming/erasing interface registers are as described below. They are all 8-bit registers
that can be accessed in byte. Except for the FLER bit in FCCS, these registers areinitialized at a
power-on reset, in hardware standby mode, or in software standby mode. The FLER bit is not
initialized in software standby mode.

(1) Flash Code Control and Status Register (FCCS)

FCCSis configured by bits which request the monitor of the FWE pin state and error occurrence
during programming or erasing flash memory and the download of on-chip program.

Bit : 7 6 5 4 3 2 1 0

‘ FWE ‘ — ‘ — ‘ FLER ‘ — ‘ — ‘ — ‘ SCO ‘
Initial value : 1/0 0 0 0 0 0 0 0
R/W : R R R R R R R (R)\W
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Bit 7—Flash Programming Enable (FWE): Monitors level which isinput to the FWE pin that
performs hardware protection of the flash memory programming or erasing. The initial valueis0
or 1 according to the FWE pin state.

Bit 7

FWE Description

0 When the FWE pin goes low (in hardware protection state)
1 When the FWE pin goes high

Bits 6 and 5—Reserved: These bits are aways read as 0. The write value should aways be 0.

Bit 4—Flash Memory Error (FLER): Indicates an error occurs during programming and erasing
flash memory.

When FLER is set to 1, flash memory enters the error protection state.
Thisbit isinitialized at a power-on reset or in hardware standby mode.

When FLER is set to 1, high voltage is applied to the internal flash memory. To reduce the
damage to flash memory, the reset must be released after the reset period of 100 uswhichis
longer than normal.

Bit 4

FLER Description

0 Flash memory operates normally (Initial value)
Programming/erasing protection for flash memory (error protection) is invalid.
[Clearing condition] At a power-on reset or in hardware standby mode

1 Indicates an error occurs during programming/erasing flash memory.

Programming/erasing protection for flash memory (error protection) is valid.
[Setting condition] See section 18.6.3, Error Protection.

Bits 3to 1—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 0—Sour ce Program Copy Operation (SCO): Requests the on-chip programming/erasing
program to be downloaded to the on-chip RAM.

When this bit is set to 1, the on-chip program which is selected by FPCS/FECS is automatically
downloaded in the on-chip RAM area specified by FTDAR.

In order to set this bit to 1, RAM emulation state must be canceled, H'A5 must be written to
FKEY, and this operation must be in the on-chip RAM.

Four NOP instructions must be executed immediately after setting this bit to 1.
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Since thisbit is cleared to 0 when download is completed, this bit cannot be read as 1.

All interrupts are prohibited during programming and erasing. Interrupts must not occur in the
user system.

Bit 0

SCO Description

0 Download of the on-chip programming/erasing program to the on-chip RAM is not
executed (Initial value)
[Clear condition] When download is completed

1 Request that the on-chip programming/erasing program is downloaded to the on-

chip RAM is occurred
[Clear conditions] When all of the following conditions are satisfied and 1 is written
to this bit

* FKEY is written to H'A5
* During execution in the on-chip RAM
¢ Notin RAM emulation mode (RAMS in RAMCR = 0)

(2) Flash Program Code Select Register (FPCS)
FPCS selects the on-chip programming program to be downloaded.

Bit : 7 6 5 4 3 2 1 0
= -] =1 =1 -1 - [res]|

Initial value : 0 0 0 0 0 0 0 0

R/W : R R R R R R R R/W

Bits 7 to 1—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 0—Program Pulse Verify (PPVS): Selects the programming program.

Bit 0

PPVS Description

0 On-chip programming program is not selected (Initial value)
[Clear condition] When transfer is completed

1 On-chip programming program is selected
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(3) Flash Erase Code Select Register (FECS)
FECS selects download of the on-chip erasing program.

Bit : 7 6 5 4 3 2 1 0
- -1 -1-1- lerve

Initial value : 0 0 0 0 0 0 0 0

R/W : R R R R R R R R/W

Bits 7 to 1—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 0—Erase Pulse Verify Block (EPVB): Selects the erasing program.

Bit 0

EPVB Description

0 On-chip erasing program is not selected (Initial value)
[Clear condition] When transfer is completed

1 On-chip erasing program is selected

(4) Flash Key Code Register (FKEY)

FKEY isaregister for software protection that enables download of on-chip program and
programming/erasing of flash memory. Before setting the SCO bit to 1 in order to download on-
chip program or executing the downloaded programming/erasing program, these processing
cannot be executed if the key code is not written.

Bit : 7 6 5 4 3 2 1 0

‘ K7 ‘ K6 ‘ K5 ‘ K4 ‘ K3 ‘ K2 ‘ K1 ‘ KO ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7to 0—Key Code (K7 to KO): Only when H'A5 iswritten, writing to the SCO hit isvalid.
When the value other than H'A5 iswritten to FKEY, 1 cannot be written to the SCO hit. Therefore
downloading to the on-chip RAM cannot be executed.

Only when H'5A is written, programming/erasing can be executed. Even if the on-chip
programming/erasing program is executed, flash memory cannot be programmed or erased when
the value other than H'5A iswritten to FKEY ..
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Bits 7to 0

K7 to KO Description

H'A5 Writing to the SCO bit is enabled (The SCO bit cannot be set by the value other
than H'A5.)

H'BA Programming/erasing is enabled (The value other than H'5A is in software

protection state.)

H'00 Initial value

(5) Flash MAT Select Register (FMATYS)
FMATS specifies whether user MAT or user boot MAT is selected.

Bit : 7 6 5 4 3 2 1 0

| Ms7 | Ms6 | Ms5 | Ms4 | Ms3 | Ms2 | MS1 | Mso
Initial value : 0 0 0 0 [0} 0 (0] O (Whennotin
. user boot mode)
Initial value : 1 (6] 1 (6] 1 (6] 1 0  (Whenin
RIW : RW RW RW RW RW RW RMW Ry Userbeotmode)

Bits 7to 0—MAT Select (MS7 to M S0): These bitsare in user-MAT selection state when the
value other than H'AA iswritten and in user-boot-MAT selection state when H'AA iswritten.

The MAT is switched by writing the valuein FMATS.

When the MAT is switched, follow section 18.8, Switching between User MAT and User Boot
MAT. (The user boot MAT cannot be programmed in user programming mode if user boot MAT
isselected by FMATS. The user boot MAT must be programmed in boot mode or in PROM
mode.)

Bits 7to 0

MS7 to MSO Description

H'AA The user boot MAT is selected (in user-MAT selection state when the value of
these bits are other than H'AA)
Initial value when these bits are initiated in user boot mode.

H'00 Initial value when these bits are initiated in a mode except for user boot mode (in

user-MAT selection state)

[Programmable condition] These bits are in the execution state in the on-chip RAM.
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(6) Flash Transfer Destination Address Register (FTDAR)

FTDAR specifies the on-chip RAM address to which the on-chip program is downloaded. Make
settings for FTDAR before writing 1 to the SCO bit in FCCS. Theinitial value is H'00 which
points to the start address (H'FFEF20) in on-chip RAM.

Bit : 7 6 5 4 3 2 1 0

\ TDER \ TDAG \ TDAS5 \ TDA4 \ TDA3 \ TDA2 \ TDA1 \ TDAO \
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—Transfer Destination Address Setting Error (TDER): This bit is set to 1 when thereis
an error in the download start address set by bits 6 to 0 (TDAG6 to TDAOQ). Whether the address
setting is erroneous or not is judged by checking whether the setting of TDAG to TDAO is between
the range of H'00 and H'03 after setting the SCO bit in FCCSto 1 and performing download.
Before setting the SCO hit to 1 be sure to set the FTDAR value between H'00 to H'03 as well as
clearing this bit to O.

Bit 7

TDER Description(Return Value after Download)

0 Setting of TDA6 to TDAO is normal (Initial value)
1 Setting of TDER and TDAG6 to TDAO is H'04 to H'FF and download has been

aborted

Bits 6 to 0—Transfer Destination Address (TDAG6 to TDAOQ): These bits specify the download
start address. A value from H'00 to H'03 can be set to specify the download start addressin on-
chip RAM in 4-kbyte units.

A value from H'04 to H'7F cannot be set. If such avalueis set, the TDER bit (bit 7) in this register
is set to 1 to prevent download from being executed.

Bits 6to O

TDAG to

TDAO Description

H'00 Download start address is set to H'FFEF20 (Initial value)
H'01 Download start address is set to H'FFDF20

H'02 Download start address is set to H'FFCF20

H'03 Download start address is set to H'FFBF20

H'04 to H'FF  Setting prohibited. If this value is set, the TDER bit (bit 7) is set to 1 to abort the
download processing.
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18.4.3 Programming/Erasing I nterface Parameter

The programming/erasing interface parameter specifies the operating frequency, user branch
destination address, storage place for program data, programming destination address, and erase
block and exchanges the processing result for the downloaded on-chip program. This parameter
uses the general registers of the CPU (ERO and ER1) or the on-chip RAM area. Theinitia valueis
undefined at a power-on reset or in hardware standby mode.

When download, initialization, or on-chip program is executed, registers of the CPU except for
ROL are stored. The return value of the processing result iswritten in ROL. Since the stack areais
used for storing the registers except for ROL, the stack area must be saved at the processing start.
(A maximum size of a stack areato be used is 128 bytes.)

The programming/erasing interface parameter is used in the following four items.

(1) Download control

(2) Initialization before programming or erasing
(3) Programming

(4) Erasing

These items use different parameters. The correspondence table is shown in table 18.6.

Here the FPFR parameter returns the results of initialization processing, programming processing,
or erasing processing, but the meaning of the bits differs depending on the type of processing. For
details, refer to the FPFR descriptions for the individual processes.
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Table 18.6 Usable Parametersand Target Modes

Name of Abbrevia- Down- Initiali- Program- Erasure R/W Initial Alloca-

Parameter tion load zation  ming Value tion

Download DPFR O — — — R/W  Undefined On-

pass/fail result chip
RAM*

Flash pass/fail FPFR — O O O R/W  Undefined ROL of

result CPU

Flash FPEFEQ — O — — R/W  Undefined ERO of

programming/ CPU

erasing

frequency

control

Flash user FUBRA — O — — R/W  Undefined ERL1 of

branch address CPU

set parameter

Flash FMPAR — — O — R/W  Undefined ER1 of

multipurpose CPU

address area

Flash FMPDR  — — O — R/W  Undefined ERO of

multipurpose CPU

data destination

area

Flash erase FEBS — — — O R/W  Undefined ERO of

block select CPU

Note: * One byte of start address of download destination specified by FTDAR

(1) Download Control

The on-chip program is automatically downloaded by setting the SCO bit to 1. The on-chip RAM
areato be downloaded is the area as much as 4 kbytes starting from the start address specified by
FTDAR. For the address map of the on-chip RAM, see figure 18.10.

The download control is set by using the programming/erasing interface register. The return value
is given by the DPFR parameter.

(2) Download pass/fail result parameter (DPFR: one byte of start address of on-chip RAM
specified by FTDAR)
This parameter indicates the return value of the download result. The value of this parameter can
be used to determine if downloading is executed or not. Since the confirmation whether the SCO
bit is set to 1 isdifficult, the certain determination must be performed by setting one byte of the
start address of the on-chip RAM area specified by FTDAR to avalue other than the return value
of download (for example, H'FF) before the download start (before setting the SCO bit to 1).
Refer to item 18.5.2 (e) for information on the method for checking the download result.
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Bit : 7 6 5 4 3 2 1 0

Bits 7 to 3—Unused: Return O.

Bit 2—Source Select Error Detect (SS): The on-chip program which can be downloaded can be
specified only one type. When more than two types of the program are selected, the programis
not selected, or the program is sel ected without mapping, error is occurred.

Bit 2
SS Description
0 Download program can be selected normally

Download error is occurred (Multi-selection or program which is not mapped is
selected)

Bit 1—Flash Key Register Error Detect (FK): Returns the check result whether the value of
FKEY issetto H'A5.

Bit 1
FK Description
0 FKEY setting is normal (FKEY = H'A5)

Setting value of FKEY becomes error (FKEY = value other than H'A5)

Bit 0—Success/Fail (SF): Returns the result whether download is ended normally or not. The
judgement result whether program that is downloaded to the on-chip RAM isread back and then
transferred to the on-chip RAM is returned.

Bit 0
SF Description
0 Downloading on-chip program is ended normally (no error)

Downloading on-chip program is ended abnormally (error occurs)

(2) Programming/Erasing Initialization
The on-chip programming/erasing program to be downloaded includes the initialization program.

The specified period pulse must be applied when programming or erasing. The specified pulse
width is made by the method in which wait loop is configured by the CPU instruction. The
operating frequency of the CPU must be set.

Theinitial program is set as a parameter of the programming/erasing program which has
downloaded these settings.
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(a) Flash programming/erasing frequency parameter (FPEFEQ: general register ERO of
CPU)
This parameter sets the operating frequency of the CPU.

For the range of the operating frequency of this LS, see section 21.4.1, Clock Timing.

Bit - 31 30 29 28 27 26 25 24
ol oo o [ o] o | o | o]
Bit : 23 22 21 20 19 18 17 16
o [ ol o o[ o] o] o | o]
Bit - 15 14 13 12 11 10 9 8
| F5s | P4 | F3 | P12 | P11 | P10 | R0 | P8 |
Bit : 7 6 5 4 3 2 1 0
. fr7 | 6 | s | R4 | 8| 2 | i1 | FO |

Bits 31 to 16—Unused: Only 0 may be written to these bits.

Bits 15 to 0—Frequency Set (F15 to FO): Set the operating frequency of the CPU. The setting
value must be calculated as the following methods.

1. The operating frequency which is shown in MHz units must be rounded in a number to three
decimal places and be shown in a number of two decimal places.

2. The centuplicated value is converted to the binary digit and is written to the FPEFEQ parameter
(general register RO). For example, when the operating frequency of the CPU is 25.000 MHz,
thevalueis asfollows.

e The number to three decimal places of 25.000 is rounded and the value is thus 25.00.
» Theformulathat 25.00 x 100 = 2500 is converted to the binary digit and
b'0000,1001,1100,0100 (H'09C4) is set to RO.
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(b) Flash user branch address setting parameter (FUBRA: general register ER1 of CPU)

This parameter sets the user branch destination address. The user program which has been set can
be executed in specified processing units when programming and erasing.

Bit : 31 30 29 28 27 26 25 24

| UA3L | UA30 | UA29 | uA28 | UA27 | UA26 | UA25 | UA24 |
Bit - 23 22 21 20 19 18 17 16

| UA23 | UA22 | UA21 | UA20 | UA19 | UA18 | UA17 | UAI6
Bit - 15 14 13 12 11 10 9 8

| UA15 | UA14 | UA13 | UA12 | UALL | UAl0 | uA9 | uAs |
Bit : 7 6 5 4 3 2 1 0

| ua7 | ume | uas | uas | uas | uaz | ual | uao |

Bits 31 to 0—User Branch Destination Address (UA31 to UAO): Not availablein the
H8/3069R, address 0 (H'00000000) must be set.

The user branch destination must be the area other than the RAM area in which on-chip program
has been transferred or the external bus space.

Note that the CPU must not branch to an area without the execution code and get out of control.
The on-chip program download area and stack area must not be overwritten. If CPU runaway
occurs or the download area or stack areais overwritten, the value of flash memory cannot be
guaranteed.

The download of on-chip program, initialization, initiation of the programming/erasing program
must not be executed in the processing of the user branch destination. Programming or erasing
cannot be guaranteed when returning from the user branch destination. The program data which
has already been prepared must not be programmed.

Moreover, the programming/erasing interface register must not be programmed or RAM
emulation mode must not be entered in the processing of the user branch destination.

After the processing of the user branch is ended, the programming/erasing program must be
returned by using the RTS instruction.

(c) Flash pass/fail parameter (FPFR: general register ROL of CPU)
An explanation of FPFR as the return value indicating the initialization result is provided here.

Bit : 7 6 5 4 3 2 1 0

Bits 7 to 3—Unused: Return O.
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Bit 2—User Branch Error Detect (BR): Returns the check result whether the specified user
branch destination addressis in the area other than the storage area of the programming/erasing
program which has been downloaded .

Bit 2
BR Description
0 User branch address setting is normal

User branch address setting is abnormal

Bit 1—Frequency Error Detect (FQ): Returns the check result whether the specified operating
frequency of the CPU isin the range of the supported operating frequency.

Bit 1
FQ Description
0 Setting of operating frequency is normal

Setting of operating frequency is abnormal

Bit 0—Success/Fail (SF): Indicates whether initialization is completed normally.

Bit 0
SF Description
0 Initialization is ended normally (no error)

Initialization is ended abnormally (error occurs)

(3) Programming Execution
When flash memory is programmed, the programming destination address on the user MAT must
be passed to the programming program in which the program data is downloaded.

1. The start address of the programming destination on the user MAT is set in general register
ER1 of the CPU. This parameter is called FMPAR (flash multipurpose address area
parameter).

Since the program data is always in 128-byte units, the lower eight bits (MOA7 to MOAOQ)
must be H'00 or H'80 as the boundary of the programming start address on the user MAT.

2. The program datafor the user MAT must be prepared in the consecutive area. The program
data must be in the consecutive space which can be accessed by using the MOV .B instruction
of the CPU and is not the flash memory space.

When data to be programmed does not satisfy 128 bytes, the 128-byte program data must be
prepared by embedding the dummy code (H'FF).

The start address of the area in which the prepared program data is stored must be set in
genera register ERO. This parameter is called FMPDR (flash multipurpose data destination
area parameter).
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For details on the programming procedure, see section 18.5.2, User Program Mode.

(a) Flash multipur pose address area parameter (FMPAR: general register ER1 of CPU)
This parameter indicates the start address of the programming destination on the user MAT.
When an address in an area other than the flash memory space is set, an error occurs.

The start address of the programming destination must be at the 128-byte boundary. If this
boundary condition is not satisfied, an error occurs. The error occurrence is indicated by the WA
bit (bit 1) in FPFR.

FMPAR

Bit 31 30 29 28 27 26 25 24

| MOA31 | MOA30 | MOA29 | MOA28 | MOA27 | MOA26 | MOA25 | MOA24 |
Bit - 23 22 21 20 19 18 17 16

| MOA23 | MOA22 | MOA21 | MOA20 | MOA19 | MOA18 | MOA17 | MOAIS6 |
Bit - 15 14 13 12 11 10

| MOA15 | MOA14 | MOA13 | MOA12 | MOA11 | MOA10 | MOA9 | MOAS |
Bit - 7 6 5 4 3 2 1

| MOA7 | MOA6 | MOAS | MOA4 | MOA3 | MOA2 | MOAL | MOAO |

Bits 31 to 0—MOA31 to MOAO: Store the start address of the programming destination on the
user MAT. The consecutive 128-byte programming is executed starting from the specified start
address of the user MAT. Therefore, the specified programming start address becomes a 128-byte
boundary and MOA6 to MOAO are always 0.
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(b) Flash multipur pose data destination parameter (FMPDR: general register ERO of CPU):
This parameter indicates the start address in the area which stores the data to be programmed in
the user MAT. When the storage destination of the program dataisin flash memory, an error
occurs. The error occurrence is indicated by the WD bit (bit 2) in FPFR.

FMPDR

Bit - 31 30 29 28 27 26 25 24

| MOD31 | MOD30 | MOD29 | MOD28 | MOD27 | MOD26 | MOD25 | MOD24 |
Bit 23 22 21 20 19 18 17 16

| MOD23 | MOD22 | MOD21 | MOD20 | MOD19 | MOD18 | MOD17 | MOD16 |
Bit - 15 14 13 12 1 10

| MOD15 | MOD14 | MOD13 | MOD12 | MOD11 | MOD10 | MODY | MODS |
Bit - 7 6 5 4 3 2 1

| MoD7 | MoD6 | MOD5 | MoD4 | MOD3 | Mob2 | MoD1 | MODO |

Bits31to 0—MOD31 to MODO: Store the start address of the area which stores the program
datafor the user MAT. The consecutive 128-byte data is programmed to the user MAT starting
from the specified start address.

(c) Flash pass/fail parameter (FPFR: general register ROL of CPU)
An explanation of FPFR as the return value indicating the programming result is provided here.

Bit : 7 6 5 4 3 2 1 0
. o | Mo | EE | =k | o | wo | wa | sF |

Bit 7—Unused: Returns 0.

Bit 6—Programming Mode Related Setting Error Detect (MD): Returns the check result of
whether the signal input to the FWE pin is high and whether the error protection state is entered.

When alow-level signal isinput to the FWE pin or the error protection state isentered, 1 is
written to this bit. The input level to the FWE pin and the error protection state can be confirmed
with the FWE bit (bit 7) and the FLER bit (bit 4) in FCCS, respectively. For conditions to enter
the error protection state, see section 18.6.3, Error Protection.

Bit 6
MD Description
0 FWE and FLER settings are normal (FWE = 1, FLER = 0)

FWE = 0 or FLER = 1, and programming cannot be performed
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Bit 5-Programming Execution Error Detect (EE): 1 isreturned to this bit when the specified
data could not be written because the user MAT was not erased or when flash-memory related
register settings are partially changed on returning from the user branch processing.

If thisbit is set to 1, thereisa high possibility that the user MAT is partially rewritten. In this case,
after removing the error factor, erase the user MAT.

If FMATS s set to H'AA and the user boot MAT is selected, an error occurs when programming
is performed. In this case, both the user MAT and user boot MAT are not rewritten.

Programming of the user boot MAT should be performed in the boot mode or PROM mode.

Bit 5
EE Description
0 Programming has ended normally

Programming has ended abnormally (programming result is not guaranteed)

Bit 4—Flash Key Register Error Detect (FK): Returns the check result of the value of FKEY
before the start of the programming processing.

Bit 4
FK Description
0 FKEY setting is normal (FKEY = H'5A)

FKEY setting is error (FKEY = value other than H'5A)

Bit 3—Unused: Returns 0.

Bit 2—Write Data Address Detect (WD): When flash memory areais specified as the start
address of the storage destination of the program data, an error occurs.

Bit 2
WD Description
0 Setting of write data address is normal

Setting of write data address is abnormal

Bit 1—Write Address Error Detect (WA): When the following areais specified as the start
address of the programming destination, an error occurs.

1. If the start address is outside the flash memory area
2. If the specified addressis not a 128-byte boundary (A6 to AO are not 0)
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Bit 1
WA Description

0 Setting of programming destination address is normal

Setting of programming destination address is abnormal

Bit 0—Succesy/Fail (SF): Indicates whether the program processing is ended normally or not.

Bit 0
SF Description
0 Programming is ended normally (no error)

Programming is ended abnormally (error occurs)

(4) Erasure Execution

When flash memory is erased, the erase-block number on the user MAT must be passed to the
erasing program which is downloaded. Thisis set to the FEBS parameter (general register ERO).

One block is specified from the block number 0 to 15.
For details on the erasing processing procedure, see section 18.5.2, User Program Mode.

(a) Flash erase block select parameter (FEBS: general register ERO of CPU)
This parameter specifies the erase-block number. The several block numbers cannot be specified.

Bit : 31 30 29 28 27 26 25 24
o [ ol o o[ o] o] o | o]
Bit : 23 22 21 20 19 18 17 16
o [ ol o o[ o] o] o | o]
Bit : 15 14 13 12 11 10 9 8
ol oo o [ o] o | o | o]
Bit : 7 6 5 4 3 2 1 0

| EBS7 | EBS6 | EBS5 | EBS4 | EBS3 | EBS2 | EBS1 | EBSO |

Bits 31 to 8—Unused: Only 0 may be written to these bits.

Bits 7 to 0—Erase Block (EB7 to EBO): Set the erase-block number in the range from 0 to 15. 0

corresponds to the EBO block and 15 corresponds to the EB15 block. An error occurs when the
number other than 0 to 15 is set.
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(b) Flash pass/fail parameter (FPFR: general register ROL of CPU)
An explanation of FPFR as the return value indicating the erase result is provided here.

Bit : 7 6 5 4 3 2 1 0

Bit 7—Unused: Returns 0.

Bit 6—Erasure Mode Related Setting Error Detect (MD): Returnsthe check result of whether
the signal input to the FWE pin is high and whether the error protection state is entered.

When alow-level signal isinput to the FWE pin or the error protection state is entered, 1is
written to this bit. Theinput level to the FWE pin and the error protection state can be confirmed
with the FWE bit (bit 7) and the FLER bit (bit 4) in FCCS, respectively. For conditions to enter
the error protection state, see section 18.6.3, Error Protection.

Bit 6
MD Description
0 FWE and FLER settings are normal (FWE = 1, FLER = 0)

FWE = 0 or FLER = 1, and erasure cannot be performed

Bit 5—Erasure Execution Error Detect (EE): 1 isreturned to this bit when the user MAT could
not be erased or when flash-memory related register settings are partially changed on returning
from the user branch processing.

If thisbit is set to 1, thereis ahigh possibility that the user MAT is partialy erased. In this case,
after removing the error factor, erase the user MAT.

If FMATSisset to H'AA and the user boot MAT is selected, an error occurs when erasure is
performed. In this case, both the user MAT and user boot MAT are not erased.

Erasing of the user boot MAT should be performed in the boot mode or PROM mode.

Bit 5
EE Description
0 Erasure has ended normally

Erasure has ended abnormally (erasure result is not guaranteed)

Bit 4—Flash Key Register Error Detect (FK): Returns the check result of FKEY value before
start of the erasing processing.
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Bit 4
FK Description

0 FKEY setting is normal (FKEY = H'5A)

FKEY setting is error (FKEY = value other than H'5A)

Bit 3—Erase Block Select Error Detect (EB): Returns the check result whether the specified
erase-block number isin the block range of the user MAT.

Bit 3
EB Description
0 Setting of erase-block number is normal

Setting of erase-block number is abnormal

Bits 2 to 1—Unused: Return O.

Bit 0—Succesy/Fail (SF): Indicates whether the erasing processing is ended normally or not.

Bit 0
SF Description
0 Erasure is ended normally (no error)

Erasure is ended abnormally (error occurs)

1844 RAM Control Register (RAMCR)

When the realtime programming of the user MAT is emulated, RAMCR sets the area of the user
MAT which is overlapped with a part of the on-chip RAM. RAMCR isinitialized to H'FO at a
power-on reset or in hardware standby mode and is not initialized in software standby mode. The
RAMCR setting must be executed in user mode or in user program mode.

For the division method of the user-MAT area, seetable 18.7. In order to operate the emulation
function certainly, the target MAT of the RAM emulation must not be accessed immediately after
RAMCR is programmed. If it is accessed, the normal accessis not guaranteed.

Bit 7 6 5 4 3 2 1

. — | — | = | — | raws | rAmM2 | RAMI | RAMO |
Initial value : 1 1 1 1 0 0 0 0
RIW : R R R R RW RW  RW  RW

Bits 7 to 4—Reserved: These bits are alwaysread as 1. The write value should always be 1.
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Bit 3—RAM Sedlect (RAMS): Sets whether the user MAT is emulated or not. When RAMS = 1,
all blocks of the user MAT are in the programming/erasing protection state.

Bit 3

RAMS Description

0 Emulation is not selected (Initial value)
Programming/erasing protection of all user-MAT blocks is invalid

1 Emulation is selected

Programming/erasing protection of all user-MAT blocks is valid

Bits2to 0—User MAT Area Select: These bits are used with bit 3 and select the user-MAT area
to be overlapped with the on-chip RAM (see table 18.7).

Table18.7 Division of User MAT Area

RAM Area Block Name RAMS RAM2 RAM1 RAMO
H'FFE000 to H'FFEFFF RAM area (4 kbytes) 0 * * *
H'000000 to H'000FFF EBO (4kbytes) 1 0 0 0
H'001000 to H'001FFF EB1 (4kbytes) 1 0 0 1
H'002000 to H'002FFF EB2 (4kbytes) 1 0 1 0
H'003000 to H'003FFF EB3 (4kbytes) 1 0 1 1
H'004000 to H'004FFF EB4 (4kbytes) 1 1 0 0
H'005000 to H'005FFF EB5 (4kbytes) 1 1 0 1
H'006000 to H'006FFF EB6 (4kbytes) 1 1 1 0
H'007000 to H'007FFF EB7 (4kbytes) 1 1 1 1

Note: * Don't care.

1845 Flash Vector Address Control Register (FVACR)

FVACR modifies the space which reads the vector table data of the NMI interrupts. Normally the
vector table datais read from the address spaces from H'00001C to H'00004F. However, the
vector table can be read from the internal 1/0 register (FVADRR to FVADRL) by the FVACR
setting. FVACR isinitialized to H'00 at a power-on reset or in hardware standby mode.

All interrupts including NMI must be prohibited in the programming/erasing processing or during
downloading on-chip program. When if it is not possible to avoid using the NMI interrupt due to
system requirements, such as during system error processing, FVACR and FVADRR to FVADRL
must be set and the interrupt exception processing routine must be set in the on-chip RAM.
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Bit : 7 6 5 4 3 2 1 0

FveHcel — | — | — [PvseLs|pvseL2|FvseLl | FvseLo]
Initial value : 0 0 0 0 0 0 0 0
RIW : RW RW RW RW RW RW RW RW

Bit 7—Vector Switch Function Valid (FVCHGE): Selects whether the function for modifying
the space which reads the vector table datais valid or invalid. When FVCHGE = 1, the vector
table data can be read from the internal 1/O registers (FVADRR to FVADRL).

Bit 7

FVCHGE Description

0 Function for modifying the space which reads the vector table data is invalid
(Initial value)

1 Function for modifying the space which reads the vector table data is valid

Bits 6 to 4—Reserved: These bits are always read as 0. The write value should aways be 0.

Bits 3to O—Interrupt Source Select (FVSEL 3 to FVSEL0): The vector table of the NMI
interrupt processing can be in theinternal 1/0 registers (FYADRR to FVADRL) by setting this bit.

Interrupt Sour ce Bits

Bit 3 Bit 2 Bit 1 Bit 0

FVSEL3 FVSEL2 FVSEL1 FVSELO Function

0 0 0 0 Vector table data is in area 0  (Initial value)
(H'00001C to H'00004F)

0 0 0 1 Setting prohibited

0 0 —

0 1 — —

1 0 0 0 Vector table data is in internal 1/O register
(FVADRR to FVADRL)

1 0 0 1 Setting prohibited

1 —_

1 — —
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18.4.6  Flash Vector Address Data Register (FVADR)

When the function for switching the space which reads the vector table data by using FVACR is
valid, FVADR stores the vector data. FVADR is configured by the four 8-hit registers (FVADRR,
FVADRE, FVADRH, and FVADRL). FVADR isinitialized to H'00000000 at a power-on reset or
in hardware standby mode.

Bit : 313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

Initialvalue: 0 0 0 00 000000O0O0DO0O0ODO0O0OO0OOO0OOO0OO0OOO0OO0O0OO0O0OU O

R/W : RIWR/W R/W R/W R/W RIW R/W RIW RIW R/W RIW R/W RIW RIW RIW R/W RIW R/W R/W R/W RIW RIW R/W R/W R/W R/W RIW RIW RIW R/W RIW RIW

FVADRR FVADRE FVADRH FVADRL

Vector address is set
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185 On-Board Programming Mode

When the pinis set in on-board programming mode and the reset start is executed, the on-board
programming state that can program/erase the on-chip flash memory is entered. On-board
programming mode has three operating modes. user programming mode, user boot mode, and
boot mode.

For details on the pin setting for entering each mode, see table 18.1. For details on the state
transition of each mode for flash memory, see figure 18.2.

18.5.1 Boot Mode

Boot mode executes programming/erasing user MAT and user boot MAT by means of the control
command and program data transmitted from the host using the on-chip SCI. The tool for
transmitting the control command and program data must be prepared in the host. The SCI
communication mode is set to asynchronous mode. When reset start is executed after thisLSl's
pinisset in boot mode, the boot program in the microcomputer isinitiated. After the SCI bit rate
isautomatically adjusted, the communication with the host is executed by means of the control
command method.

The system configuration diagram in boot mode is shown in figure 18.6. For details on the pin
setting in boot mode, see table 18.1. The NMI and other interrupts are ignored in boot mode.

Make sure the NMI and other interrupts do not occur in the user system.

This LSI

Control command, L Flash
analysis execution memory
Host software (on-chip)

Boot # f

Control command, program data

programming > RyD1
tool and program ) Ly ]
data On-chip SCI1 On-chip RAM
TxD1

Reply response

Figure18.6 System Configuration in Boot Mode

SCI Interface Setting by Host: When boot mode isinitiated, this LSl measures the low period of
asynchronous SCI-communication data (H'00), which is transmitted consecutively by the host.
The SCI transmit/receive format is set to 8-bit data, 1 stop bit, and no parity. This LS calculates
the bit rate of transmission by the host by means of the measured low period and transmits the bit
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adjustment end sign (1 byte of H'00) to the host. The host must confirm that this bit adjustment
end sign (H'00) has been received normally and transmits 1 byte of H'55 to thisLSI. When
reception is not executed normally, boot mode isinitiated again (reset) and the operation
described above must be executed. The bit rate between the host and this LS| is not matched by
the hit rate of transmission by the host and system clock frequency of this LSI. To operate the SCI
normally, the transfer bit rate of the host must be set to 9,600 bps or 19,200 bps.

The system clock frequency which can automatically adjust the transfer bit rate of the host and the
bit rate of this LSl is shown in table 18.8. Boot mode must be initiated in the range of this system
clock.

Start Stop bit
bt | DO | DL | D2 | D3 | D4 D5 | D6 | D7 | PP
< >«
Measure low period (9 bits) (data is H'00) High period of
at least 1 bit

Figure 18.7 Automatic Adjustment Operation of SCI Bit Rate

Table 18.8 System Clock Frequency that Can Automatically Adjust Bit Rate of ThisL Sl

Bit rate of host  System clock frequency which can automatically adjust bit rate of this LSI

9,600 bps 10 to 25 MHz

19,200 bps 16 to 25 MHz

State Transition: The overview of the state transition after boot mode isinitiated is shownin
figure 18.8. For details on boot mode, refer to section 18.10.1, Serial Communications I nterface
Specification for Boot Mode.

1. Bit rate adjustment
After boot modeis initiated, the bit rate of the SCI interface is adjusted with that of the host.
2. Waiting for inquiry set command
For inquiries about user-MAT size and configuration, MAT start address, and support state,
the required information is transmitted to the host.

3. Automatic erasure of all user MAT and user boot MAT
After inquiries have finished, all user MAT and user boot MAT are automatically erased.
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4. Waiting for programming/erasing command
* When the program preparation notice is received, the state for waiting program datais
entered. The programming start address and program data must be transmitted following the
programming command. When programming is finished, the programming start address must
be set to H'FFFFFFFF and transmitted. Then the state for waiting program data is returned to
the state of programming/erasing command wait.
» When the erasure preparation notice is received, the state for waiting erase-block datais
entered. The erase-block number must be transmitted following the erasing command. When
the erasure is finished, the erase-block number must be set to H'FF and transmitted. Then the
state for waiting erase-block datais returned to the state for waiting programming/erasing
command. The erasure must be executed when reset start is not executed and the specified
block is programmed after programming is executed in boot mode. When programming can be
executed by only one operation, al blocks are erased before the state for waiting
programming/erasing/other command is entered. The erasing operation is not required.
» There are many commands other than programming/erasing. Examples are sum check, blank
check (erasure check), and memory read of the user MAT/user boot MAT and acquisition of
current status information.

Note that memory read of the user MAT/user boot MAT can only read the program data after all
user MAT/user boot MAT has automatically been erased.
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(Bit rate adjustment)
H'00 to H'00 reception

H'00 transmission
(adjustment completed)

Boot mode initiation

Bit rate adjustment @
(reset by boot mode)

Wait for inquiry Inquiry command reception ‘Kmssing‘ of
setting command L inquiry setting

/;quiry command response Con‘lnand

All user MAT and
@ user boot MAT erasure
Read/check command —
Wait for reception nﬁocessing of
@ programming/erasing ), { read/check command

CommW Command response

A

(Erasure command reception)

E d I
(Erasure end) (Erase-block specification)

(Program end)
Program command reception .
(Prog ption) Wait for erase-block

data
(Program data transmission)

Y

Wait for program data

Figure 18.8 Overview of Boot Mode State Transition

18.5.2 User Program Mode

The user MAT can be programmed/erased in user program mode. (The user boot MAT cannot be
programmed/erased.)

Programming/erasing is executed by downloading the program in the microcomputer.
The overview flow is shown in figure 18.9.

High voltage is applied to internal flash memory during the programming/erasing processing.
Therefore, transition to reset or hardware standby must not be executed. Doing so may cause
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damage or destroy flash memory. If reset is executed accidentally, reset must be released after the
reset input period, which islonger than normal 100 ps.

For information on the programming procedure refer to “ Programming Procedure in User
Program Mode”, and for information on the erasing procedure refer to “Erasing Procedure in User
Program Mode”, below.

For the overview of a processing that repeats erasing and programming by downloading the
programming program and the erasing program in separate on-chip ROM areas using FTDAR, see
“Erasing and Programming Procedure in User Program Mode” which appears later in this section.

CProgramg:;r;?/ erasmg} 1. RAM emulation mode must be canceled
| in advance. Download cannot be executed

in emulation mode.

When programming, .
program data is prepared 2. When the program data is made by means

of emulation, use the FTDAR register to change
the download destination. Note that the download
area and the emulation area will overlap if FTDAR
is in its initial status (H'00) or set to H'01.

FWE=1? No 3- Inputting the FWE pin to high level sets the
FWE bit to 1.
Yes
Programming/erasing 4. Programming/erasing is executed only in

procedure program is b .
transferred to the on-chip the on-chip RAM. However, if program data

RAM and executed is in a consecutive area and can be accessed
by the MOV.B instruction of the CPU like
SRAM/ROM, the program data can be in an
CProgramming/erasing) external space.
end 5. After programming/erasing is finished, the FWE
pin must be input to low and protected.

Figure18.9 Programming/Erasing Overview Flow

On-chip RAM Address Map when Programming/Erasing is Executed: Parts of the procedure
program that are made by the user, like download request, programming/erasing procedure, and
judgement of the result, must be executed in the on-chip RAM. The on-chip program that isto be
downloaded is al in the on-chip RAM. Note that areain the on-chip RAM must be controlled so
that these parts do not overlap.

Figure 18.10 shows the program area to be downloaded.
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Area to be
downloaded
(Size : 2 kbytes)

Unusable area in
programming/erasing
processing period

<On-chip RAM>

RAM emulation area
or area that can be
used by user

DPFR
(Return value: 1 byte)

System use area
(15 bytes)

Programming/erasing entry

Initialization process entry

Initialization + programming
program or Initialization +
erasing program

Area that can be
used by user

Address
RAMTOP(H'FFBF20)

FTDAR setting

FTDAR setting+16

FTDAR setting+32

FTDAR setting+2048

RAMEND(H'FFFF1F)

Figure18.10 RAM Map when Programming/Erasing is Executed

Programming Procedurein User Program Mode: The procedures for download, initialization,

and programming are shown in figure 18.11.

RENESAS
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Start programming
procedure program @

A Select on-chip program A - -
to be downloaded and (a) Disable mterruplts and bus
set download destination master operation other (|)
by FTDAR than CPU
\ [
‘ Set FKEY to HAS ‘ (b) ‘ Set FKEY to H'5A ‘ 0
I
ks Set SCOto 1 and (c) Set parameter to ERO and )
S execute download o ERL (FMPAR and FMPDR)
S [ c \
; B
8 ‘ Clear FKEY to 0 ‘ (d) E Programming
S JSR FTDAR setting+16| (1)
(e) =)
o S (m)
o
Yes ~
% ‘Download error processing Clear EKEY and
programming
“Furn parameters | () . error processing
p Required data
S — “ - programming is
= Initialization completed? (n)
N JSR FTDAR setting+32| (Q)
@
c ‘ Clear FKEY to 0 ‘ (0)
v
End programming
A procedure program

Figure18.11 Programming Procedure

The details of the programming procedure are described below. The procedure program must be
executed in an area other than the flash memory to be programmed. Especially the part where the
SCO hit in FCCSiis set to 1 for downloading must be executed in the on-chip RAM.

The areathat can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 18.10.3, Procedure Program and Storable Areafor
Programming Data.

The following description assumes the area to be programmed on the user MAT is erased and
program datais prepared in the consecutive area. When erasing is not executed, erasing is
executed before writing.

128-byte programming is performed in one program processing. When more than 128-byte
programming is performed, programming destination address/program data parameter is updated
in 128-byte units and programming is repeated.

When less than 128-byte programming is performed, data must total 128 bytes by adding the
invalid data. If the invalid data to be added is H'FF, the program processing period can be shorted.
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(a) Select the on-chip program to be downloaded and the download destination.
When the PPV S bit of FPCSis set to 1, the programming program is selected.
Several programming/erasing programs cannot be selected at one time. If several programs are
set, download is not performed and a download error is returned to the source select error
detect (SS) bit in the DPFR parameter.
Specify the start address of the download destination by FTDAR.
(b) Program H'A5 in FKEY
If H'A5 is not written to FKEY for protection, 1 cannot be written to the SCO bit for download
request.
(c) 1 iswritten to the SCO bit of FCCS and then download is executed.
To write 1 to the SCO hit, the following conditions must be satisfied.
*  RAM emulation modeis canceled.
« H'A5iswrittento FKEY.
e The SCO hit writing is executed in the on-chip RAM.

When the SCO hit is set to 1, download is started automatically. When the SCO bit is returned
to the user procedure program, the SCO is cleared to 0. Therefore, the SCO bit cannot be
confirmed to be 1 in the user procedure program.

The download result can be confirmed only by the return value of the DPFR parameter. Before
the SCO hit is set to 1, incorrect judgement must be prevented by setting the DPFR parameter,
that is one byte of the start address of the on-chip RAM area specified by FTDAR, to avalue
other than the return value (H'FF).

When download is executed, particular interrupt processing, which is accompanied by the
bank switch as described below, is performed as an internal microcomputer processing. Four
NOP instructions are executed immediately after the instructions that set the SCO hit to 1.

* Theuser-MAT space is switched to the on-chip program storage area.

« After the selection condition of the download program and the address set in FTDAR
are checked, the transfer processing is executed starting from the on-chip RAM address
specified by FTDAR.

* The SCO bitsin FPCS, FECS, and FCCS are cleared to O.

e Thereturn vaueis set to the DPFR parameter.

» After the on-chip program storage areais returned to the user-MAT space, the user
procedure program is returned.

The notes on download are as follows.

In the download processing, the values are stored in general registers than CPU.
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No interrupts are accepted during download processing. However, interrupt requests other than
NMI requests are held, so when processing returns to the user procedure program and
interrupts are generated. NMI requests are discarded if the FVACR register value is H'00.
However, if H'80 has been written to the FVACR register, they are held and the NMI
interrupts are generated when processing returns to the user procedure program.

The sources of the interrupt requests from the on-chip module and at the falling edge of the
IRQ are held during downloading. The refresh can be put in the DRAM.

When the level-detection interrupt requests are to be held, interrupts must be put until the
download is ended.

When hardware standby mode is entered during download processing, the normal download
cannot be guaranteed in the on-chip RAM. Therefore, download must be executed again.

Since a stack area of amaximum 128 bytesis used, the area must be saved before setting the
SCO hitto 1.

If flash memory is accessed by the DMAC or BREQ during downloading, the operation
cannot be guaranteed. Therefore, access by the DMAC or BREQ must not be executed.

(d) FKEY iscleared to H'00 for protection.

(e) The value of the DPFR parameter must be checked and the download result must be
confirmed.
A recommended procedure for confirming the download result is shown below.

» Check the value of the DPFR parameter (one byte of start address of the download
destination specified by FTDAR). If the value is H'00, download has been performed
normally. If the value is not H'00, the source that caused download to fail can be
investigated by the description below.

 If the value of the DPFR parameter is the same as before downloading (e.g. H'FF), the
address setting of the download destination in FTDAR may be abnormal. In this case,
confirm the setting of the TDER bit (bit 7) in FTDAR.

* If the value of the DPFR parameter is different from before downloading, check the SS
bit (bit 2) and the FK bit (bit 1) in the DPFR parameter to ensure that the download
program selection and FKEY register setting were normal, respectively.

(f) The operating frequency and user branch destination are set to the FPEFEQ and FUBRA
parameters for initialization.

e Thecurrent frequency of the CPU clock is set to the FPEFEQ parameter (general
register: ERO).

Rev. 5.0, 09/04, page 618 of 978
RENESAS



For the settable range of the FPEFEQ parameter, see section 21.4.1, Clock Timing.
When the frequency is set out of thisrange, an error is returned to the FPFR parameter
of theinitialization program and initialization is not performed. For details on the
frequency setting, see the description in 18.4.3(2) (a) Flash programming/erasing
frequency parameter (FPEFEQ: general register ERO of CPU).

» The start address in the user branch destination is set to the FUBRA parameter (genera
register: ER1).
Not available in the H8/3069R, 0 must be set to FUBRA.
When the user branch is executed, the branch destination is executed in auser MAT
other than the one that is to be programmed. The area of the on-chip program that is

downloaded cannot be set.
The program processing must be returned from the user branch processing by the RTS
instruction.

See the description in 18.4.3 (2) (b) Flash user branch address setting parameter
(FUBRA: general register ER1 of CPU).

(9) Initiaization
When a programming program is downloaded, the initialization program is also downloaded
to the on-chip RAM. Thereisan entry point of the initialization program in the areafrom
(download start address set by FTDAR) + 32 bytes. The subroutine is called and initialization
is executed by using the following steps.

MOV.L #DLTOP+32,ER2 ; Set entry address to ER2
JSR @ER2 ; Call initialization routine
NOP

« Thegenera registers other than ROL are saved in the initialization program.

* ROL isareturn value of the FPFR parameter.

e Sincethe stack areais used in the initialization program, a stack area of a maximum
128 bytes must be saved in RAM.

* Interrupts can be accepted during the execution of the initialization program. The

program storage area and stack area in the on-chip RAM and register values must not
be destroyed.

(h) Thereturn valuein theinitialization program, FPFR (general register ROL) isjudged.

(i) All interrupts and the use of a bus master other than the CPU are prohibited.
The specified voltage is applied for the specified time when programming or erasing. If
interrupts occur or the bus mastership is moved to other than the CPU during thistime, more
than the specified voltage will be applied and flash memory may be damaged. Therefore,

interrupts and movement of bus mastership to DMAC or BREQ and DRAM refresh other than
the CPU are prohibited.
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The interrupt processing prohibition is set up by setting the bit 7 (1) in the condition code
register (CCR) of the CPU to b'1. Then interrupts other than NMI are held and are not
executed.

The NMI interrupts must not occur in the user system.
The interrupts that are held must be processed in executed after all program processing.

When the bus mastership is moved to DMAC or BREQ or DRAM refresh except for the CPU,
the error protection state is entered. Therefore, reservation of bus mastership by DMAC or
BREQ is prohibited.

(1) FKEY must be set to H'5A and the user MAT must be prepared for programming.
(k) The parameter which isrequired for programming is set.
The start address of the programming destination of the user MAT (FMPAR) is set to general
register ER1. The start address of the program data storage area (FMPDR) is set to general
register ERO.
» Example of the FMPAR setting
FMPAR specifies the programming destination address. When an address other than
oneintheuser MAT areais specified, even if the programming program is executed,
programming is not executed and an error is returned to the return value parameter
FPFR. Since the unit is 128 bytes, the lower eight bits (A7 to A0) must be in the 128-
byte boundary of H'00 or H'80.
» Example of the FMPDR setting
When the storage destination of the program datais flash memory, even if the program
execution routine is executed, programming is not executed and an error isreturned to
the FPFR parameter. In this case, the program data must be transferred to the on-chip
RAM and then programming must be executed.

(I) Programming
Thereisan entry point of the programming program in the area from (download start address
set by FTDAR) + 16 bytes of on-chip RAM. The subroutine is called and programming is
executed by using the following steps.

MOV.L #DLTOP+16,ER2 ; Set entry address to ER2
JSR @ER2 ; Call programming routine
NOP

» Thegeneral registers other than ROL are saved in the programming program.
e ROisareturn value of the FPFR parameter.
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e Sincethe stack areais used in the programming program, a stack area of a maximum

128 bytes must be reserved in RAM

(m) The return value in the programming program, FPFR (general register ROL) is judged.

(n) Determine whether programming of the necessary data has finished.
If more than 128 bytes of data are to be programmed, specify FMPAR and FMPDR in 128-
byte units, and repeat steps (1) to (m). Increment the programming destination address by 128
bytes and update the programming data pointer correctly. If an address which has already been
programmed is written to again, not only will a programming error occur, but also flash

memory will be damaged.

(o) After programming finishes, clear FKEY and specify software protection.

If this LSl isrestarted by a power-on reset immediately after user MAT programming has
finished, secure areset period (period of RES = 0) that is at least aslong as normal 100 ps.

Erasing Procedurein User Program Mode: The procedures for download, initialization, and

erasing are shown in figure 18.12.

Start erasing procedure
program

Select on-chip program
to be downloaded and set
download destination
by FTDAR
I

(a)

‘ Set FKEY to H'A5 ‘

[
Set SCO to 1 and
execute download

Download

‘ Clear FKEY to 0 ‘

T

Set the FPEFEQ and
FUBRA parameters

c
o o
.‘c:'rs Initialization
N JSR FTDAR setting+32
s
=
=
Yes‘ e -
Initialization error processing ‘
v

Erasing

D

Disable interrupts and
bus master operation
other than CPU

[

‘ Set FKEY to H'5A ‘

—»

‘ Set FEBS parameter ‘ (b)
[

Erasing
JSR FTDAR setting+16

(©
(d)

Clear FKEY and erasing
error processing

Required block

completed? (e)
Yes
‘ Clear FKEY to 0 ‘ (f)

End erasing
procedure program

Figure18.12 Erasing Procedure
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The details of the erasing procedure are described below. The procedure program must be
executed in an area other than the user MAT to be erased. Especially the part where the SCO hit in
FCCSisset to 1 for downloading must be executed in on-chip RAM.

The areathat can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 18.10.3, Procedure Program and Storable Areafor
Programming Data.

For the downloaded on-chip program area, refer to the RAM map for programming/erasing in
figure 18.10, RAM Map when Programming/Erasing is Executed.

A single divided block is erased by one erasing processing. For block divisions, refer to figure
18.4, Block Division of User MAT. To erase two or more blocks, update the erase block number
and perform the erasing processing for each block.

(a) Select the on-chip program to be downloaded
Set the EPVB bit in FECSto 1.
Several programming/erasing programs cannot be selected at one time. If several programs are

set, download is not performed and a download error isreturned to the source select error
detect (SS) bit in the DPFR parameter.

The procedures to be carried out after setting FKEY, e.g. download and initialization, are the same
as those in the programming procedure. For details, refer to Programming Procedure in User
Program Mode in section 18.5.2.

(b) Set the FEBS parameter necessary for erasure
Set the erase block number of the user MAT in the flash erase block select parameter FEBS
(general register ERO). If avalue other than an erase block number of the user MAT is set, no
block is erased even though the erasing program is executed, and an error is returned to the
return value parameter FPFR.

(c) Erasure
Similar to asin programming, there is an entry point of the erasing program in the area from
(download start address set by FTDAR) + 16 bytes of on-chip RAM. The subroutine is called
and erasing is executed by using the following steps.

MOV.L #DLTOP+16,ER2 ; Set entry address to ER2
JSR @ER2 ; Call erasing routine
NOP

e Thegeneral registers other than ROL are saved in the erasing program.
* ROisareturn value of the FPFR parameter.

» Sincethe stack areais used in the erasing program, a stack area of a maximum 128
bytes must be reserved in RAM
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(d) Thereturn value in the erasing program, FPFR (general register ROL) is judged.
(e) Determine whether erasure of the necessary blocks has finished.

If more than one block isto be erased, update the FEBS parameter and repeat steps (b) and (c).
Blocks that have already been erased can be erased again.

(f) After erasure finishes, clear FKEY and specify software protection.

If thisLSI isrestarted by a power-on reset immediately after user MAT erasure has finished,
secure areset period (period of RES = 0) that is at least as long as normal 100 ps.

(4) Erasing and Programming Procedure in User Program Mode

By changing the on-chip RAM address of the download destination in FTDAR, the erasing
program and programming program can be downloaded to separate on-chip RAM areas.

Figure 18.13 shows an example of repetitively executing RAM emulation, erasing, and
programming.

[ Start procedure program } <«

\
Set FTDAR to H'02
(Specify H'FFCF20 as

Enter RAM emulation mode
and tune data
in on-chip RAM

% download destination) ‘

[ B}

o ® )

52 ‘ Cancel RAM emulation mode
= § Download erasing program ‘

£ 0o

n o

E ‘ Erase relevant block

(execute erasing program)

Set FMPDR to H'FFEO0O0O to
program relevant block
(execute programming

program)

Confirm operation

Initialize erasing program

Set FTDAR to H'03
(Specify H'FFBF20 as
download destination)

Download programming
program

Initialize programming
program

Emulation/Erasing/Programming

Programming program
download

No

Yes

[ End procedure program }

Figure 18.13 Sample Procedure of Repeating RAM Emulation, Erasing, and Programming
(Overview)
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In the above example, the erasing program and programming program are downloaded to areas
excluding the 4 kbytes (H'FFEQQ0 to H'FFEFFF) from the start of on-chip ROM.

Download and initialization are performed only once at the beginning.
In thiskind of operation, note the following:

» Becareful not to damage on-chip RAM with overlapped settings.
In addition to the RAM emulation area, erasing program area, and programming program area,
areas for the user procedure programs, work area, and stack area are reserved in on-chip RAM.
Do not make settings that will overwrite datain these areas.

» Besureto initiaize both the erasing program and programming program.
Initialization by setting the FPEFEQ and FUBRA parameters must be performed for both the
erasing program and the programming program. Initialization must be executed for both entry
addresses. (download start address for erasing program) + 32 bytes (H'FFCF40 in this
example) and (download start address for programming program) + 32 bytes (H'FFBF40 in
this example).

18.5.3 User Boot Mode

This LSI has user boot mode which isinitiated with different mode pin settings than those in user
program mode or boot mode. User boot mode is a user-arbitrary boot mode, unlike boot mode that
uses the on-chip SCI.

Only the user MAT can be programmed/erased in user boot mode. Programming/erasing of the
user boot MAT is only enabled in boot mode or programmer mode.

User Boot Mode I nitiation: For the mode pin settings to start up user boot mode, see table 18.1.

When the reset start is executed in user boot mode, the built-in check routine runs. The user MAT
and user boot MAT states are checked by this check routine.

While the check routine is running, NMI and all other interrupts cannot be accepted.

Next, processing starts from the execution start address of the reset vector in the user boot MAT.
At this point, H'AA is set to the flash MAT select register FMATS because the execution MAT is
the user boot MAT.

To enable NMI interruptsin a user boot MAT program, after the reset ends (RES = 1) and 400 us
passes, set NM1 to 1.

User MAT Programming in User Boot Mode: For programming the user MAT in user boot
mode, additional processings made by setting FMATS are required: switching from user-boot-
MAT selection state to user-MAT selection state, and switching back to user-boot-MAT selection
state after programming completes.
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Figure 18.14 shows the procedure for programming the user MAT in user boot mode.

Start programming
procedure program

: A
Select on-chip program
to be downloaded and Set FMATS to value other than
set download destination H'AA to select user MAT

by FTDAR
I

| setFKEYtoHAS |
[

Set SCOto 1 and
execute download
I

Set FKEY to H'5A

Set parameter to ERO and
ER1 (FMPAR and FMPDR)

Download

‘ Clear FKEY to 0 ‘

Programming
JSR FTDAR setting+16

No
Yes| Clear FKEY and programming
error processing*

Set the FPEFEQ and
FUBRA parameters

Programming

Required data
programming is
completed?

In|t|al|zat|on
JSR FTDAR setting+32

User-MAT selection state

User-boot-MAT selection state

Initialization

Clear FKEY to 0

Set FMATS to H'AA to
select user boot MAT

Disable interrupts

and bus master operation {
other than CPU %

End programming
procedure program

Note: * The MAT must be switched by FMATS
to perform the programming error
processing in the user boot MAT.

A AN User-boot-MAT
selection state

Figure18.14 Procedurefor Programming User MAT in User Boot Mode

The difference between the programming procedures in user program mode and user boot mode is
whether the MAT is switched or not as shown in figure 18.14.

In user boot mode, the user boot MAT can be seen in the flash memory space with the user MAT
hidden in the background. The user MAT and user boot MAT are switched only while the user
MAT is being programmed. Because the user boot MAT is hidden while the user MAT is being
programmed, the procedure program must be located in an area other than flash memory. After
programming finishes, switch the MATs again to return to the first state.

MAT switchover is enabled by writing a specific valueto FMATS. However note that while the
MATSs are being switched, the LSl isin an unstable state, e.g. accessto aMAT is not alowed until
MAT switching is completely finished, and if an interrupt occurs, from which MAT the interrupt
vector isread from is undetermined. Perform MAT switching in accordance with the description
in section 18.8, Switching between User MAT and User Boot MAT.
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Except for MAT switching, the programming procedure is the same as that in user program mode.

The areathat can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 18.10.3, Procedure Program and Storable Areafor
Programming Data.

User MAT Erasing in User Boot Mode: For erasing the user MAT in user boot mode, additional
processings made by setting FMATS are required: switching from user-boot-MAT selection state
to user-MAT selection state, and switching back to user-boot-MAT selection state after erasing
completes.

Figure 18.15 shows the procedure for erasing the user MAT in user boot mode.

Start erasing
procedure program

Select on-chip program
to be downloaded Set FMATS to value other

than H'AA to select user MAT

Set FKEY to H'5A

Set FKEY to H'A5 and
set download destination
by FTDAR
I

block erasing is
ompleted?

JSR FTDAR setting+32

Q

=

% -c% Set SCOto 1 and

c| | | execute download °

.g § = Set FEBS parameter

8 8 Clear FKEY to O b

o) c Programming

2 2l o JSR FTDAR setting+16

= |5} =

< [} 7]

s o C©

5 N

° Set the FPEFEQ and < Yes |Clear FKEY and erasing
Q FUBRA parameters s error processing
L ; )

e Initialization S N Required

> =

Initialization

Clear FKEY to O

Initialization error processing
Disable interrupts Set FMATS to H'AA to
and bus master operation select user boot MAT
other than CPU

% End erasing
v
@ User-boot-MAT
selection state Note: The MAT must be switched by FMATS to perform the
erasing error processing in the user boot MAT.

Figure18.15 Procedurefor Erasing User MAT in User Boot Mode
The difference between the erasing proceduresin user program mode and user boot mode depends

on whether the MAT is switched or not as shown in figure 18.15.
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MAT switching is enabled by writing a specific value to FMATS. However note that while the
MATSs are being switched, the LSl isin an unstable state, e.g. accessto aMAT is not allowed until
MAT switching is completed finished, and if an interrupt occurs, from which MAT the interrupt
vector isread from is undetermined. Perform MAT switching in accordance with the description
in section 18.8, Switching between User MAT and User Boot MAT.

Except for MAT switching, the erasing procedure is the same as that in user program mode.

The areathat can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 18.10.3, Procedure Program and Storable Area for
Programming Data.
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18.6  Protection

There are two kinds of flash memory program/erase protection: hardware and software protection.

18.6.1 Hardware Protection

Programming and erasing of flash memory isforcibly disabled or suspended by hardware
protection. In this state, the downloading of an on-chip program and initialization of the flash
memory are possible. However, an activated program for programming or erasure cannot program
or erase locationsin auser MAT, and the error in programming/erasing is reported in the
parameter FPFR.
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Table18.9 Hardware Protection

Function to be Protected

Item Description Download Program/Erase
FWE-pin protection « The input of a low-level signal on the — o
FWE pin clears the FWE bit of
FCCS and the device enters a
program/erase-protected state.
Reset/standby « A power-on reset (including a o o
protection power-on reset by the WDT) and

entry to standby mode reinitialize
the program/erase interface register
and the device enters a
program/erase-protected state.
Resetting by means of the RES pin
after power is initially supplied will
not make the device enter the reset
state unless the RES pin is held low
until oscillation has stabilized. In the
case of a reset during operation,
hold the RES pin low for the RES
pulse width that is specified in the
section on AC characteristics
section. If the device is reset during
programming or erasure, data
values in the flash memory are not
guaranteed. In this case, after
keeping the RES pin low for at least
100 ps, execute erasure and then
execute programming again.

18.6.2  Software Protection

Software protection is set up in any of three ways: by disabling the downloading of on-chip
programs for programming and erasing, by means of akey code, and by the RAM-emulation

register.
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Rev. 5.0, 09/04, page 629 of 978



Table 18.10 Softwar e Protection

Function to be Protected

Item Description Download Program/Erase
Protection by the + Clearing the SCO bit in the FCCS o o
SCO bit register makes the device enter a

program/erase-protected state, and
this disables the downloading of the
programming/erasing programs.

Protection by the « Downloading and o ¢
FKEY register programming/erasing are disabled

unless the required key code is

written in the FKEY register.

Different key codes are used for

downloading and for

programming/erasing.

Emulation + Setting the RAMS bit in the RAM o o
protection emulation register (RAMER) makes

the device enter a program/erase-

protected state.

18.6.3 Error Protection

Error protection is a mechanism for aborting programming or erasure when an error occurs, in the
form of the microcomputer entering runaway during programming/erasing of the flash memory or
operations that are not according to the established procedures for programming/erasing. Aborting
programming or erasure in such cases prevents damage to the flash memory due to excessive
programming or erasing.

If the microcomputer malfunctions during programming/erasing of the flash memory, the FLER
bit in the FCCS register is set to 1 and the device enters the error-protection state, and this aborts
the programming or erasure.

The FLER bit is set in the following conditions:

(1) When aninterrupt, such as NMI, has occurred during programming/erasing

(2) When the relevant block area of flash memory isread during programming/erasing (including
avector read or an instruction fetch)

(3) When a SLEEP ingtruction (including software standby mode) is executed during
programming/erasing

(4) When a bus master other than the CPU, such as DMAC or BREQ, has obtained the bus right
during programming/erasing
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Error protection is cancelled only by a power-on reset or by hardware-standby mode. Note that the
reset should only be released after providing areset input over a period longer than the normal

100 ps period. Since high voltages are applied during programming/erasing of the flash memory,
some voltage may remain after the error-protection state has been entered. For this reason, it is
necessary to reduce the risk of damage to the flash memory by extending the reset period so that
the charge is released.

The state-transition diagram in figure 18.16 shows transitions to and from the error-protection
state.

Reset or standby

Program mode .
(Hardware protection)

Erase mode RES=0o0r STBY =0

\

Read disabled
Programming/erasing disabled

Read disabled
Programming/erasing
enabled FLER=0

Program/erase interface
RES=0 or register is in its initial state.

Error occurrence STBY=0

Error-protection mode
(Software standby)

Read disabled
rogramming/erasing disabled
FLER=1
Program/erase interface

register is in its initial state.

<«
Cancel

software-standby mode

Read enabled
Programming/erasing disabled

Figure 18.16 Transitionsto and from the Error-Protection State
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18.7  Flash Memory Emulation in RAM

To provide real-time emulation in RAM of datathat isto be written to the flash memory, a part of
the RAM can be overlaid on an area of flash memory (user MAT) that has been specified by the
RAM control register (RAMCR). After the RAMCR setting is made, the RAM is accessiblein
both the user MAT area and as the RAM area that has been overlaid on the user MAT area. Such
emulation is possible in both user mode and user-program mode.

Figures 18.17 and 18.18 show an example of the emulation of realtime programming of the user
MAT area.

[ Start of emulation program }

v

| Set RAMCR |

»L

Write the data for tuning to
the overlaid RAM area

v

‘ Execute application program ‘

e

Yes

| Cancel RAMCR setting |

v

Program the user MAT
with the emulated block

v

[ End of emulation program }

Figure18.17 Emulation of Flash Memory in RAM
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This area is accessible as both a RAM
area and as a flash memory area.

H'00000 EBO
H'01000 EB1
H'02000 EB2
H'03000 EB3
H'04000 EB4 ‘ :
105000 o H'FFBF20
H'06000 EB6
H'07000 ER7 H'FFE000
H'08000 H'FFEFFF
Fl?us:e:n&r:%fy : On-chip RAM
EB8 to EB15
H'7FFFF H'FFFF1F

Figure 18.18 Example of a RAM-Overlap Operation
Figure 18.18 shows an example of an overlap on block area EBO of the flash memory.

Emulation is possible for asingle area selected from among the eight areas, from EBO to EB7, of
user MAT bank 0. The areaiis selected by the setting of the RAM2 to RAMO bitsin the RAMCR
register.

(1) To overlap apart of the RAM on area EBO, to allow realtime programming of the data for this
area, set the RAMCR register's RAMS bit to 1, and each of the RAM2 to RAMO hitsto O.

(2) Realtime programming is carried out using the overlaid area of RAM.

In programming or erasing the user MAT, it is necessary to run a program that implements a
series of procedural steps, including the downloading of a on-chip program. In this process, set the
download areawith FTDAR so that the overlaid RAM area and the area where the on-chip
program is to be downloaded do not overlap. The initial setting (H'00) of FTDAR or a setting of
H'01 causes part of the tuned data area to overlap with part of the download area. When using the
initial setting of FTDAR, the data that isto be programmed must be saved beforehand in an area
that is not used by the system.

Figure 18.19 shows an example of programming of the data, after emulation has been completed,
to the EBO areain the user MAT.
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(1) Cancel the emulation mode.
(2) Transfer the user-created program/

H'00000 EBO > erase-procedure program.

, (3) Download the on-chip programming/erasing
H'01000 EB1 | \ programs, avoiding the tuning <illegible>
H'02000 N data area set in FTDAR.

EB2 ' (4) Execute programming after erasing,
H'03000 EB3 as necessary.
H'04000 EB4
H'05000 EB5
H'06000 EB6
H'07000 AN
EBY o H'FFCF20
H'08000 Y Download area
‘ 1 R H'FFD720
' VA Area for the
Flash memory . ‘. | programming-procedure
(user MAT) N\ program H'FFE000
| Copy of the tuned data
EB8 to EB15 ! H'EFEEFE
On-chip RAM
H'7FFFF H'FFFF1F

Figure18.19 Programming of the Data After Tuning

(1) After the data to be programmed has fixed values, clear the RAMS bit to 0 to cancel the
overlap of RAM.

(2) Transfer the user programming/erasing procedure program to RAM.

(3) Run the programming/erasing procedure program in RAM and download the on-chip
programming/erasing program.
Specify the download start address with FTDAR so that the tuned data area does not overlap
with the download area.

(4) When the EBO area of the user MAT has not been erased, the programming program will be
downloaded after erasure. Set the parameters FMPAR and FMPDR so that the tuned datais
designated, and execute programming.

Note: Setting the RAMS bit to 1 puts all the blocks in the flash MAT into a program/erase-
protected state regardless of the values of the RAM2 to RAMO bits (emulation protection).
In this state, downloading of the on-chip programsis also disabled, so clear the RAMS bit
before actual programming or erasure.
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18.8  Switching between User MAT and User Boot MAT

It is possible to alternate between the user MAT and user boot MAT. However, the following
procedure is required because these MATs are allocated to address 0.

(Switching to the user boot MAT disables programming and erasing. Programming of the user
boot MAT should take place in boot mode or PROM mode.)

(1) MAT switching by the FMATS register should always be executed from the on-chip RAM.
(2) To ensure that the MAT that has been switched to is accessible, execute 4 NOP instructionsin
the on-chip RAM immediately before or after writing to the FMATS register of the on-chip

RAM (this prevents access to the flash memory during MAT switching).

(3) If aninterrupt has occurred during switching, there is no guarantee of which memory MAT is
being accessed. Always mask the maskable interrupts before switching between MATS. In
addition, configure the system so that NMI interrupts do not occur during MAT switching.

(4) After the MATSs have been switched, take care because the interrupt vector table will also have
been switched. If interrupt processing isto be the same before and after MAT switching,
transfer the interrupt-processing routines to the on-chip RAM, and use the settings of the
FVACR and FVADR registers to place the interrupt-vector table in the on-chip RAM .

(5) Memory sizes of the user MAT and user boot MAT are different. When accessing the user
boot MAT, do not access addresses above the top of its 8-kbyte memory space. If access goes
beyond the 8-kbyte space, the values read are undefined.

<User MAT> <On-chip RAM> <User boot MAT>
Procedure for
— | switching to the | ———»
user boot MAT

Procedure for /
<4—| switchingto
the user MAT

Procedure for switching to the user boot MAT

(1) Mask interrupts

(2) Write H'AA to the FMATS register.

(3) Execute 4 NOP instructions before
accessing the user boot MAT.

Procedure for switching to the user MAT

(1) Mask interrupts

(2) Write a value other than H'AA to the FMATS register.

(3) Execute 4 NOP instructions before or after accessing
the user MAT.

Figure 18.20 Switching between the User MAT and User Boot MAT
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18.8.1 Usage Notes

1. Download time of on-chip program

The programming program that includes the initialization routine and the erasing program that
includes the initialization routine are each 2 kbytes or less. Accordingly, when the CPU clock
frequency is 25 MHz, the download for each program takes approximately 164ys at
maximum.

2. Write to flash-memory related registers by DMAC

While an instruction in on-chip RAM is being executed, the DMAC can write to the SCO hit
in FCCS that is used for a download request or FMATS that isused for MAT switching. Make
sure that these registers are not accidentally written to, otherwise an on-chip program may be
downloaded and damage RAM or aMAT switchover may occur and the CPU get out of
control. Do not use DMAC to program FLASH related registers.

3. Compatibility with programming/erasing program of conventional F-ZTAT H8
microcomputer
A programming/erasing program for flash memory used in the conventional F-ZTAT H8
microcomputer which does not support download of the on-chip program by a SCO transfer
reguest cannot run in thisLSl.
Be sure to download the on-chip program to execute programming/erasing of flash memory in
thisLSl.

4. Monitoring runaway by WDT

Unlike the conventional F-ZTAT H8 microcomputer, no countermeasures are available for a
runaway by WDT during programming/erasing by the downloaded on-chip program.

Prepare countermeasures (e.g. use of the user branch routine and periodic timer interrupts) for
WDT while taking the programming/erasing time into consideration as required.

Rev. 5.0, 09/04, page 636 of 978
RENESAS



189 PROM Mode

Along with its on-board programming mode, this LSl also has a PROM mode as a further mode
for the writing and erasing of programs and data. In the PROM mode, a general-purpose PROM
programmer can freely be used to write programs to the on-chip ROM. Program/erase is possible
on the user MAT and user boot MAT. The PROM programmer must support Renesas
microcomputers with 512-kbyte flash memory units as a device type.

A status-polling system is adopted for operation in automatic program, automatic erase, and
status-read modes. In the status-read mode, details of the system'sinternal signals are output after
execution of automatic programming or automatic erasure. In the PROM mode, provide a 12-
MHz input-clock signal.

Table 18.11 PROM Mode Pin

Pins Setting

Mode pin: P82, P81, P80 1,0,0

189.1 Pin Arrangement of the Socket Adapter

Attach the socket adapter to the LSl in the way shown in figure 18.22. This allows conversion to
40 pins. Figure 18.21 shows the memory mapping of the on-chip ROM, and figure 18.22 shows
the arrangement of the socket adapter's pins.

Address in Address in Address in Address in
MCU mode PROM mode MCU mode PROM mode
H'000000 H'00000 H'000000 H'00000
On-chip ROM space
(user boot MAT) 8kB
H'001FFF H'01FFF
On-chip ROM space
(user MAT)
512kB
H'07FFFF H'7FFFF

Figure 18.21 Mapping of On-Chip Flash Memory

Rev. 5.0, 09/04, page 637 of 978
RENESAS




H8/3069R S " | Hnz7ca0s6HG (40 pins)
1 Socket Adapter - :

Pin No. Pin Name ' (40-Pin Conversion) | | Pin No. |Pin Name
36 A0 21 A0
37 Al } j 22 Al
38 A2 : 23 A2
39 A3 j 24 A3
40 A4 : 25 A4
a1 A5 i 26 A5
42 AB j 27 AB
43 A7 : 28 A7
45 A8 : 29 A8
64 A9 j 31 A9
47 A10 f j 32 A10
48 All : 33 ALl
49 A12 j 34 A12
50 A13 f j 35 A13
51 Al4 : 36 Al4
58 A15 j 37 A15
69 A16 : 38 A16
70 AL7 39 AL7
55 A18 j } 10 A18
27 DO f 1 19 1100
28 D1 18 1101
29 D2 j } 17 l02
30 D3 f 1 16 1103
31 D4 15 1104
32 D5 j 14 1105
33 D6 f 1 13 1106
34 D7 12 1107
52 CE j } 2 CE
46 OE : 1 20 OF
% WE 3 WE
10 FWE : 4 FWE

76,77,62,71,89,35,68 Vee ! 1,40 Vee
73,74,75,87,88,86,11,22,44,57,65,92,14 Vss : : 11,30 Ves
63 RES 5,6,7 NC
67 XTAL ‘ ! 8 A20
66 EXTAL : 9 A19

1 Veo i
Other N.C.OPEN) | ! ! [Legend] _

****************** FWE : Flash-write enable

I/07to 0 : Data l/O
Al18to 0 : Address input

CE : Chip enable
OE : Output enable
WE - Write enable

Figure18.22 Pin Arrangement of the Socket Adapter
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189.2 PROM Mode Operation

Table 18.12 shows the settings for the operating modes of PROM mode, and table 18.13 liststhe
commands used in PROM mode. The following sections provide detailed information on each
mode.

* Memory-read mode: This mode supports reading, in units of bytes, from the user MAT or user
boot MAT.

« Auto-program mode: This mode supports the simultaneous programming of the user MAT and
user boot MAT in 128-byte units. Status polling is used to confirm the end of automatic
programming.

» Auto-erase mode: This mode only supports the automatic erasing of the entire user MAT or
user boot MAT. Status polling is used to confirm the end of automatic erasing.

e Status-read mode: Status polling is used with automatic programming and automatic erasure.
Normal completion can be detected by reading the signal on the 1/06 pin. In status-read mode,
error information is output when an error has occurred.

Table 18.12 Settingsfor Each Operating Mode of PROM M ode

Pin Name
Mode FWE CE OE WE /07 to 0 Al18t0 0
Read HorlL L L H Data output  Ain
Output disable HorlL L H H Hi-Z X
Command write HorlL L H L Data input *Ain
Chip disable HorlL H X X Hi-Z X

Notes: 1. The chip-disable mode is not a standby state; internally, it is an operational state.

2. To write commands when making a transition to the auto-program or auto-erase mode,
input a high-level signal on the FWE pin.

*  Ain indicates that there is also an address input in auto-program mode.
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Table 18.13 Commandsin PROM Mode

Memory
Number MAT to 1st Cycle 2nd Cycle
of be Mode Address Data Mode Address Data
Command Cycles Accessed
Memory-read 1+n User MAT  write X H'00 read RA Dout
mode
User boot  write X H'05
MAT
Auto-program 129 User MAT  write X H40  write WA Din
mode
User boot  write X H'45
MAT
Auto-erase 2 User MAT  write X H'20 write X H'20
mode
User boot  write X H'25 H'25
MAT
Status-read 2 Common write X H'71 write X H'71
mode to both
MATs

Notes: 1. In auto-program mode, 129 cycles are required in command writing because of the
simultaneous 128-byte write.

2. In memory read mode, the number of cycles varies with the number of address writing
cycles (n).

18.9.3 Memory-Read Mode

(1) On completion of an automatic program, automatic erase, or status read, the LS| entersa
command waiting state. So, to read the contents of memory after these operations, issue the
command to change the mode to the memory-read mode before reading from the memory.

(2) In memory-read mode, the writing of commands s possible in the same way asin the
command-write state.

(3) After entering memory-read mode, continuous reading is possible.

(4) After power hasfirst been supplied, the LS| enters the memory-read mode. For the AC
characteristics in memory read mode, see section 18.10.2, AC Characteristicsand Timing in
Writer Mode.
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18.94  Auto-Program Mode

(2) In auto-program mode, programming isin 128-byte units. That is, 128 bytes of data are
transferred in succession.

(2) Even in the programming of less than 128 bytes, 128 bytes of data must be transferred. H'FF
should be written to those addresses that are unnecessarily written to.

(3) Set the low seven bits of the address to be transferred to low level. Inputting an invalid address
will result in a programming error, although processing will proceed to the memory-
programming operation.

(4) The memory address is transferred in the 2" cycle. Do not transfer addressesin the 3 or later
cycles.

(5) Do not issue commands while programming is in progress.

(6) When programming, execute automatic programming once for each 128-byte block of
addresses. Programming the block at an address where programming has already been
performed is not possible.

(7) To confirm the end of automatic programming, check the signal on the I/06 pin. Confirmation
in the status-read mode is also possible (status polling of the I/O7 pin is used to check the end
status of automatic programming).

(8) Status-polling information on the 1/06 and 1/O7 pinsis retained until the next command is
written. As long as no command is written, the information is made readable by setting CE and
OE for enabling.

For the AC characteristics in auto-program mode, see section 18.10.2, AC Characteristics and
Timing in Writer Mode.

18.9.5 Auto-Erase Mode

(1) Auto-erase mode only supports erasing of the entire memory.

(2) Do not perform command writing during auto erasing isin progress.

(3) To confirm the end of automatic erasing, check the signal on the 1/06 pin. Confirmation in the
status-read mode is also possible (status polling of the 1/O7 pin is used to check the end status
of automatic erasure).

(4) Status polling information on the 1/06 and 1/O7 pinsis retained until the next command
writing. Aslong as no command is written, the information is made readable by setting CE
and OE for enabling.

For the AC characteristics in auto-erase mode, see section 18.10.2, AC Characteristics and Timing
in Writer Mode.
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18.9.6 Status-Read Mode

(1) Status-read mode is used to determine the type of an abnormal termination. Use this mode
when automatic programming or automatic erasure ends abnormally.

(2) Thereturn codeis retained until writing of acommand that selects a mode other than status-
read mode.

Table 18.14 lists the return codes of status-read mode.

For the AC characteristics in status-read mode, see section 18.10.2, AC Characteristics and
Timing in Writer Mode.

Table 18.14 Return Codes of Status-Read Mode

Pin Name 1/07 1106 1105 1104 1/103 1102 /01 1/100
Attribute Normal end Command Program-  Erase error — — Programming Invalid
indicator  error ming error or erase address
count error
exceeded
Initial value 0 0 0 0 0 0 0 0
Indication  Normal Command Program-  Erase — — Count Invalid
end: 0 error: 1 ming error: 1 error:1 exceeded: 1 address
Abnormal  Otherwise: 0 Otherwise: 0 Otherwise: Otherwise: 0 error: 1
end: 1 0 Otherwise:
0

Note: 1/02 and 1/03 are undefined pins.

18.9.7 StatusPoalling

(1) The I/O7 status-polling output is a flag that indicates the operating status in auto-program or
auto-erase mode.

(2) The /06 status-polling output is a flag that indicates normal/abnormal end of auto-program or
auto-erase mode.

Table 18.15 Truth Table of Status-Polling Output

Pin Name In Progress Abnormal End — Normal End
/07 0 1 0 1
1106 0 0 1 1
I/00to 5 0 0 0 0
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18.9.8 TimeTaken in Transition to PROM Mode

Until oscillation has stabilized and while PROM mode is being set up, the LSl is unable to accept
commands. After the PROM-mode setup time has elapsed, the LS| enters memory-read mode. See
section 18.10.2, AC Characteristics and Timing in Writer Mode.

18.9.9 Noteson Using PROM Mode

(1) When programming addresses which have previously been programmed, apply auto-erasing
before auto-programming (figure 18.24).

(2) When using PROM mode to program a chip that has been programmed/erased in an on-board
programming mode, auto-erasing before auto-programming is recommended.

(3) Do not take the chip out of the PROM programmer or reset the chip during programming or
erasure. Flash memory is susceptible to permanent damage since a high voltageis being
applied during the programming/erasing. When the reset signal is accidentally input to the
chip, the period in the reset state until the reset signal is released should be longer than the
normal 100 ps.

(4) The flash memory isinitially in the erased state when the device is shipped by Renesas
Technology. For other chips for which the history of erasure is unknown, auto-erasing as a
check and supplement for the initialization (erase) level is recommended.

(5) ThisL Sl does not support modes such as the product identification mode of general purpose
EPROM. Therefore, the device nameis not automatically set in the PROM programmer.

(6) For further information on the PROM programmer and its software version, please refer to the
instruction manual for the socket adapter.
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18.10 Further Information

18.10.1 Serial Communication I nterface Specification for Boot M ode

Initiating boot mode enables the boot program to communicate with the host by using the internal
SCI. The serial communication interface specification is shown below.

» Status
The boot program has three states.

(1) Bit-Rate-Adjustment State
In this state, the boot program adjusts the bit rate to communicate with the host. Initiating
boot mode enables starting of the boot program and entry to the bit-rate-adjustment state. The
program receives the command from the host to adjust the bit rate. After adjusting the bit rate,
the program enters the inquiry/selection state.

(2) Inquiry/Selection State
In this state, the boot program responds to inquiry commands from the host. The device name,
clock mode, and hit rate are selected. After selection of these settings, the program is made to
enter the programming/erasing state by the command for a transition to the
programming/erasing state. The program transfers the libraries required for erasure to the
RAM and erases the user MATs and user boot MATSs before the transition.

(3) Programming/erasing state
Programming and erasure by the boot program take place in this state. The boot program is
made to transfer the programming/erasing programs to the RAM by commands from the host.
Sum checks and blank checks are executed by sending these commands from the host.

These boot program states are shown in figure 18.23.
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‘ ‘ Checking

Inquiry/Selection Inquiry Selection
wait * *
- Operations for Operations for
Transition to . Inquiry Selection
Programming/erasing

S 1
r---—-y——"—"""~"~~™™™—"—""—"~——"~™T~T~TT~T~T—~—T~T-~—TT T T =TT =T =7 =77 1
: Operations for Erasing :
I User MATs and User I
1 Boot MATs 1
1 1
1 1
1 1
: Programming/erasing :
I selection wait I
1

I Programming Erasing Checking :
1 ] . 1
1 Operations for Operations for "
1 Programming Erasing ) 1
[ Operations for |
1 1
1 1
1 1
1 1
1 1

Figure 18.23 Boot Program States

e Bit-Rate-Adjustment state

The bit rate is calculated by measuring the period of transfer of alow-level byte (H'00) from the
host. The bit rate can be changed by the command for a new bit rate selection. After the bit rate
has been adjusted, the boot program enters the inquiry and selection state. The bit-rate-adjustment
sequence is shown in figure 18.24.
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Host Boot Program

>

H'00 (30 times maximum) Measuring the

1-Bit Length
<
H'00 (Completion of Adjustment)
H'55
<
< H'E6 (Response to Boot)

H'FF (Error)

Figure 18.24 Bit-Rate-Adjustment Sequence

e Communications Protocol

After adjustment of the bit rate, the protocol for communications between the host and the boot
program is as shown below.

(1) One-byte commands and one-byte responses

These commands and responses are comprised of asingle byte. These are consists of the
inquiries and the ACK for successful completion.

(2) n-byte commands or n-byte responses
These commands and responses are comprised of n bytes of data. These are selectionsand
responses to inquiries.
The amount of programming data is not included under this heading because it is determined
in another command.

(3) Error response

The error response isaresponse to inquiries. It consists of an error response and an error code
and comes two bytes.

(4) Programming of 128 bytes
The sizeis not specified in commands. The size of nisindicated in response to the
programming unit inquiry.

(5) Memory read response
This response consists of four bytes of data.
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One-Byte Command I:I Command or Response
or One-Byte Response

n-Byte Command or | | | Data | |
n-Byte Response Size Checksum 1
Command or Response
Error Response ,___l:l
L Error Code
Error Response
128-Byte Programming | |Address | Data (n bytes) | |
Command Checksum |
Memory Read | |Size | Data | |
Response
P L Response Checksum |

I I A [ |

Figure 18.25 Communication Protocol For mat

Command (1 byte) : Commands including inquiries, selection, programming, erasing, and
checking

Response (1 byte) : Response to an inquiry

Size (1 byte) : The amount of data for transmission excluding the command, amount of
data, and checksum

Checksum (1 byte) : The checksum is calculated so that the total of all values from the
command byte to the SUM byte becomes H'00.

Data (n bytes) : Detailed data of a command or response

Error Response (1 byte) : Error response to a command

Error Code (1 byte) : Type of the error

Address (4 bytes) : Address for programming

Data (n bytes) : Data to be programmed (the sizeisindicated in the response to the
programming unit inquiry.)

Size (4 bytes) : Four-byte response to a memory read
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e Inquiry and Selection States

The boot program returns information from the flash memory in response to the host's inquiry
commands and sets the device code, clock mode, and bit rate in response to the host's selection
command.

Inquiry and selection commands are listed below.

Table 18.16 Inquiry and Selection Commands

Command Command Name Description

H'20 Supported Device Inquiry Inquiry regarding device codes and
product names of F-ZTAT

H'10 Device Selection Selection of device code

H'21 Clock Mode Inquiry Inquiry regarding numbers of clock
modes and values of each mode

H'11 Clock Mode Selection Indication of the selected clock mode

H'22 Multiplication Ratio Inquiry Inquiry regarding the number of

frequency-multiplied clock types, the
number of multiplication ratios, and the
values of each multiple

H'23 Operating Clock Frequency Inquiry Inquiry regarding the maximum and
minimum values of the main clock and
peripheral clocks

H'24 User Boot MAT Information Inquiry Inquiry regarding the number of user
boot MATs and the start and last
addresses of each MAT

H'25 User MAT Information Inquiry Inquiry regarding the a number of user
MATSs and the start and last addresses
of each MAT

H'26 Block for Erasing Information Inquiry Inquiry regarding the number of blocks
and the start and last addresses of each
block

H'27 Programming Unit Inquiry Inquiry regarding the unit of
programming data

H'3F New Bit Rate Selection Selection of new bit rate

H'40 Transition to Programming/erasing Erasing of user MAT and user boot

State MAT, and entry to programming/erasing
state

H'4F Boot Program Status Inquiry Inquiry into the operated status of the

boot program

The selection commands, which are device selection (H'10), clock mode selection (H'11), and new
bit rate selection (H'3F), should be sent from the host in that order. These commands will
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certainly be needed. When two or more selection commands are sent at once, the last command
will be valid.

All of these commands, except for the boot program status inquiry command (H'4F), will be valid
until the boot program receives the programming/erasing transition (H'40). The host can choose
the needed commands out of the commands and inquiries listed above. The boot program status
inquiry command (H'4F) isvalid after the boot program has received the programming/erasing
transition command (H'40).

(1) Supported device inquiry
The boot program will return the device codes of supported devices and the product code of the
F-ZTAT in response to the supported device inquiry.

0 Command, H'20, (1 byte) : Inquiry regarding supported devices

Response

H'30 Size A number of
devices
A number of |Device code Product name
characters
SUM

0 Response, H'30, (1 byte) : Response to the supported device inquiry

O Size (1 byte) : Number of bytesto be transmitted, excluding the command, amount of data,
and checksum, that is, the amount of data contributes by the product names, the number of
devices, characters, and device codes

O A number of devices (1 byte) : The number of device types supported by the boot program

O A number of characters (1 byte) : The number of characters in the device codes and boot
program’s name

0 Device code (4 bytes) : Code of the supporting product

0 Product name (n bytes) : Type name of the boot program in ASCII-coded characters
0 SUM (1 byte) : Checksum
The checksum is calculated so that the total number of al values from the command byte
to the SUM byte becomes H'00.

(2) Device Selection
The boot program will set the supported device to the specified device code. The program will
return the selected device code in response to the inquiry after this setting has been made.

Command ‘H'lo

‘Size ‘Device code

SUM

0 Command, H'10, (1 byte) : Device selection

RENESAS
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O Size (1 byte) : Amount of device-code data
Thisisfixedto 4

O Device code (4 bytes) : Device code returned in response to the supported device inquiry
(ASClI-code)

0 SUM (1 byte) : Checksum

O Response, H'06, (1 byte) : Response to the device selection command
ACK will be returned when the device code matches.

Error
response ]H'go ]ERROR \

O Error response, H'90, (1 byte) : Error response to the device selection command
O Error: (1 byte) : Error code

H'11 : Sum check error

H'21 : Device code error, that is, the device code does not match

(3) Clock Mode Inquiry
The boot program will return the supported clock modesin response to the clock mode inquiry.

0 Command, H'21, (1 byte) : Inquiry regarding clock mode

Response |H'31 Size A number of |Mode SUM
modes

0 Response, H'31, (1 byte) : Response to the clock-mode inquiry
O Size (1 byte) : Amount of data that represents the number of modes and modes
O A number of clock modes (1 byte) : The number of supported clock modes
H'00 indicates no clock mode or the device allows to read the clock mode.
O Mode (1 byte) : Values of the supported clock modes (i.e. H'01 means clock mode 1.)
0 SUM (1 byte) : Checksum

(4) Clock Mode Selection

The boot program will set the specified clock mode. The program will return the selected clock-
mode information after this setting has been made.

The clock-mode selection command should be sent after the device-selection commands.

Command ’H'll ’Size ’Mode SUM
0 Command, H'11, (1 byte) : Selection of clock mode
O Size (1 byte) : Amount of datathat represents the modes
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O Mode (1 byte) : A clock mode returned in reply to the supported clock mode inquiry.
0 SUM (1 byte) : Checksum

0 Response, H'06, (1 byte) : Response to the clock mode selection command
ACK will be returned when the clock mode matches.

Error
response ]H'91 ]ERROR \

O Error response, H'91, (1 byte) : Error response to the clock mode selection command
0 ERROR, (1 byte) : Error code

H'11 : Checksum error
H'22 : Clock mode error, that is, the clock mode does not match.

Even when the clock mode value is H'00 or H'01 for clock mode inquiry, clock mode selection is
performed for each value.

(5) Multiplication Ratio-Inquiry
The boot program will return the supported multiplication and division ratios.

0 Command, H'22, (1 byte) : Inquiry regarding multiplication ratio

Response |H'32 Size The
Number
of Clock

The number | Multipli-
of cation
multiplication | ratio

ratios

SUM

O Response, H'32, (1 byte) : Response to the multiplication ratio inquiry

O Size (1 byte) : The amount of data that represents the clock sources, the number of
multiplication ratios, and the multiplication ratios

O A number of types (1 byte) : The number of supported multiplied clock types

(e.g. when there are two multiplied clock types, which are the main and peripheral clocks,
the number of typeswill be H'02.)
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O A number of multiplication ratios (1 byte) : The number of multiplication ratios for each
type

(e.g. the number of multiplication ratios to which the main clock can be set and the

peripheral clock can be set.)

O Multiplication ratio (1 byte)

O Multiplication ratio : The value of the multiplication ratio (e.g. when the clock-
frequency multiplier isfour, the value of multiplication ratio will be H'04.)

O Divisionratio : Theinverse of the division ratio, i.e. a negative number (e.g. when the
clock isdivided by two, the value of division ratio will be H'FE. H'FE = D'-2) The
number of multiplication ratios returned is the same as the number of multiplication
ratios and as many groups of data are returned as there are types.

0 SUM (1 byte) : Checksum

(6) Operating Clock Frequency Inquiry
The boot program will return the number of operating clock frequencies, and the maximum and
minimum values.

0 Command, H'23, (1 byte) : Inquiry regarding operating clock frequencies

Response [H'33 Size A number of
operating clock
frequencies

The minimum value of operating clock The maximum value of operating clock
frequency frequency

SUM

0 Response, H'33, (1 byte) : Response to operating clock frequency inquiry

O Size (1 byte) : The number of bytes that represents the minimum values, maximum values,
and the number of types.

O A number of types (1 byte) : The number of supported operating clock frequency types
(e.g. when there are two operating clock frequency types, which are the main and
peripheral clocks, the number of typeswill be H'02.)

O Minimum value of operating clock frequency (2 bytes) : The minimum value of the
multiplied or divided clock frequency.

The minimum and maximum values represent the valuesin MHz, valid to the hundredths
place of MHz, and multiplied by 100. (e.g. when the value is 20.00 MHz, it will be D'2000
and H'07D0.)

O Maximum value (2 bytes) : Maximum value among the multiplied or divided clock
frequencies.
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O

There are as many pairs of minimum and maximum values as there are operating clock
freguencies.

SUM (1 byte) : Checksum

(7) User Boot MAT Information Inquiry
The boot program will return the number of user boot MATs and their addresses.

O

Response |H'34 Size A Number

O

Command, H'24, (1 byte) : Inquiry regarding user boot MAT information

of Areas
Area-Start Address Area-Last Address

SUM

Response, H'34, (1 byte) : Response to user boot MAT information inquiry
Size (1 byte) : The number of bytes that represents the number of areas, area-start
addresses, and area-last address

A Number of Areas (1 byte) : The number of non-consecutive user boot MAT areas
When user boot MAT areas are consecutive, the number of areas returned is H'01.

Area-Start Address (4 bytes) : Start address of the area
Area-Last Address (4 bytes) : Last address of the area

There are as many groups of data representing the start and last addresses asthere are
areas.

SUM (1 byte) : Checksum

(8) User MAT Information Inquiry
The boot program will return the number of user MATs and their addresses.

O

Command, H'25, (1 byte) : Inquiry regarding user MAT information
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Response [H'35 Size A Number
of Areas

Area-Start Address Area-Last Address

SUM

0 Response, H'35, (1 byte) : Response to the user MAT information inquiry

O Size(1 byte) : The number of bytes that represents the number of areas, area-start address
and area-last address

O A Number of Areas (1 byte) : The number of non-consecutive user MAT areas
When the user MAT areas are consecutive, the number of areasis H'01.

O AreaStart Address (4 bytes) : Start address of the area

O AreaLast Address (4 bytes) : Last address of the area

There are as many groups of data representing the start and last addresses asthere are
areas.

0 SUM (1 byte) : Checksum

(9) Erased Block Information Inquiry
The boot program will return the number of erased blocks and their addresses.

0 Command, H'26, (1 byte) : Inquiry regarding erased block information

Response |H'36 Size A number
of blocks
Block Start Address Block Last Address
SUM

0 Response, H'36, (1 byte) : Response to the number of erased blocks and addresses

O Size (1 byte) : The number of bytes that represents the number of blocks, block-start
addresses, and block-last addresses.

O A number of blocks (1 byte) : Number of erased blocks in flash memory
O Block Start Address (4 bytes) : Start address of a block
O Block Last Address (4 bytes) : Last address of a block
There are as many groups of data representing the start and last addresses as there are blocks.
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O

SUM : Checksum

(10) Programming Unit Inquiry
The boot program will return the programming unit used to program data.

O Command, H'27, (1 byte) : Inquiry regarding programming unit
Response ‘H'S? ‘Size ‘Programming unit SUM
0 Response, H'37, (1 byte) : Response to programming unit inquiry

g
g

O

Size (1 byte) : The number of bytes that indicate the programming unit, which isfixed to 2
Programming unit (2 bytes) : A unit for programming

Thisisthe unit for reception of programming.

SUM (1 byte) : Checksum

(11) New Bit-Rate Selection
The boot program will set a new bit rate and return the new bit rate.

This selection should be sent after sending the clock mode selection command.

Command |H'3F Size Bit rate Input frequency

Number of  |Multiplication |Multiplication
multiplication |ratio 1 ratio 2

ratios

SUM

Command, H'3F, (1 byte) : Selection of new bit rate

Size (1 byte) : The number of bytes that represents the bit rate, input frequency, number of
multiplication ratios, and multiplication ratio

Bit rate (2 bytes) : New bit rate

One hundredth of the value (e.g. when the value is 19200 bps, the bit rate is H'00CO, which
isD'192.)

Input frequency (2 bytes) : Frequency of the clock input to the boot program

Thisisvalid to the hundredths place and represents the value in MHz muiltiplied by 100.
(e.g. when the value is 20.00 MHz, the input frequency is H'07DO0 (= D'2000).)

Number of multiplication ratios (1 byte) : The number of multiplication ratios to which the
device can be set. Normally the value istwo: main operating frequency and peripheral
module operating frequency. (With this LSl it should be set to H'01.)

Multiplication ratio 1 (1 byte) : The value of multiplication or division ratios for the main
operating frequency
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O Multiplication ratio (1 byte) : The value of the multiplication ratio (e.g. when the clock
frequency is multiplied by four, the multiplication ratio will be H'04. With thisLSl it
should be set to H'01.)

O Divisionratio : Theinverse of the division ratio, as a negative number (e.g. when the
clock frequency is divided by two, the value of division ratio will be H'FE. H'FE = D'-
2. With this LSl it should be set to H'01.)

O Multiplication ratio 2 (1 byte) : The value of multiplication or division ratios for the
peripheral frequency

O Multiplication ratio (1 byte) : The value of the multiplication ratio (e.g. when the clock
frequency is multiplied by four, the multiplication ratio will be H'04. Cannot be set for
thisLSl.)

O Divisionratio : The inverse of the division ratio, as a negative number (e.g. when the
clock isdivided by two, the value of division ratio will be H'FE. H'FE = D'-2. With this
LSl it should be set to H'01.)

0 SUM (1 byte) : Checksum
Response
O Response, H'06, (1 byte) : Response to selection of anew bit rate
When it is possible to set the bit rate, the response will be ACK.

Error
response ‘H'BF ‘ERROR ‘

O Error response, H'BF, (1 byte) : Error response to selection of new bit rate
0 ERROR: (1 byte) : Error code

H'11 : Sum checking error
H'24 : Bit-rate selection error
Therateis not available.
H'25 : Error in input frequency
Thisinput frequency is not within the specified range.
H'26 : Multiplication-ratio error*
The ratio does not match an available ratio.
H'27 : Operating frequency error*

The frequency is not within the specified range.

Note: * Thiserror does not occur with thisLSI.
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» Received data check
The methods for checking of received data are listed below.

(1) Input frequency
The received value of the input frequency is checked to ensure that it is within the range of
minimum to maximum frequencies which matches the clock modes of the specified device.
When the value is out of thisrange, an input-frequency error is generated.

(2) Multiplication ratio
The received value of the multiplication ratio or division ratio is checked to ensure that it
matches the clock modes of the specified device. When the valueis out of thisrange, an
input-frequency error is generated.

(3) Operating frequency error
Operating frequency is calculated from the received value of the input frequency and the
multiplication or division ratio. Theinput frequency isinput totheLSl andthe LSl is
operated at the operating frequency. The expression is given below.

Operating frequency = Input frequency ¢ Multiplication ratio , or
Operating frequency = Input frequency + Division ratio
The calculated operating frequency should be checked to ensure that it is within the range of

minimum to maximum frequencies which are available with the clock modes of the specified
device. When it isout of thisrange, an operating frequency error is generated.

(4) Bit rate
Peripheral operating clock (@), bit rate (B), clock select (CKS) in the serial mode register
(SMR).
The error as calculated by the method below is checked to ensure that it isless than 4%. When
it is 4% or more, a bit-rate selection error is generated.

= ®. 106
Error (%) = 114100
( 0) {[(N+l) e Be 64 e 2201 ] }

When the new bit rate is selectable, the rate will be set in the register after sending ACK in
response. The host will send an ACK with the new bit rate for confirmation and the boot program
will response with that rate.

Confirmation

O Confirmation, H'06, (1 byte) : Confirmation of a new bit rate

0 Response, H'06, (1 byte) : Response to confirmation of a new bit rate

The sequence of new bit-rate selection is shown in figure 18.26.
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Host Boot program

< Setting a new bit rate
— — H'06 (ACK)
Waiting for one-bit period
at the specified bit rate
|
Setting a new bit rate Setting a new bit rate
H'06 (ACK) with the new bit rate
<
H'06 (ACK) with the new bit rate

Figure 18.26 New Bit-Rate Selection Sequence

« Transition to Programming/Erasing State

The boot program will transfer the erasing program, and erase the user MATs and user boot
MATSsin that order. On completion of this erasure, ACK will be returned and will enter the
programming/erasing state.

The host should select the device code, clock mode, and new bit rate with device selection, clock-
mode selection, and new bit-rate selection commands, and then send the command for the
transition to programming/erasing state. These procedure should be carried out before sending of
the programming selection command or program data.

0 Command, H'40, (1 byte) : Transition to programming/erasing state

O Response, H'06, (1 byte) : Response to transition to programming/erasing state
The boot program will send ACK when the user MAT and user boot MAT have been
erased by the transferred erasing program.

Error
response |H'CO ‘H'Sl ‘

O Error response, H'CO, (1 byte) : Error response for user boot MAT blank check
O Error code, H'51, (1 byte) : Erasing error
An error occurred and erasure was not compl eted.
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e Command Error

A command error will occur when a command is undefined, the order of commands isincorrect,
or acommand is unacceptable. Issuing a clock-mode selection command before a device
selection or an inquiry command after the transition to programming/erasing state command, are
examples.

Error
response [H'80 ‘ H'xx ‘

O Error response, H'80, (1 byte) : Command error
0 Command, H'xx, (1 byte) : Received command

e Command Order
The order for commands in the inquiry selection state is shown below.

(1) A supported device inquiry (H'20) should be made to inquire about the supported devices.

(2) The device should be selected from among those described by the returned information and set
with a device-selection (H'10) command.

(3) A clock-mode inquiry (H'21) should be made to inquire about the supported clock modes.

(4) The clock mode should be selected from among those described by the returned information
and set.

(5) After selection of the device and clock mode, inquiries for other required information should
be made, such as the multiplication-ratio inquiry (H'22) or operating frequency inquiry (H'23).

(6) A new bit rate should be selected with the new bhit-rate selection (H'3F) command, according
to the returned information on multiplication ratios and operating frequencies.

(7) After selection of the device and clock mode, the information of the user boot MAT and user
MAT should be made to inquire about the user boot MATs information inquiry (H'24), user
MATsinformation inquiry (H'25), erased block information inquiry (H'26), programming unit
inquiry (H'27).

(8) After making inquiries and selecting a new bit rate, issue the transition to
programming/erasing state (H'40) command. The boot program will then enter the
programming/erasing state.

e Programming/erasing State

A programming selection command makes the boot program select the programming method, an
128-byte programming command makes it program the memory with data, and an erasing
selection command and block erasing command make it erase the block. The
programming/erasing commands are listed below.
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Table 18.17 Programming/erasing Command

Command Command Name Description

H'42 User boot MAT programming selection Transfers the user boot MAT
programming program

H'43 User MAT programming selection Transfers the user MAT programming
program

H'50 128-byte programming Programs 128 bytes of data

H'48 Erasing selection Transfers the erasing program

H'58 Block erasing Erases a block of data

H'52 Memory read Reads the contents of memory

H'4A User boot MAT sum check Checks the checksum of the user boot
MAT

H'4B User MAT sum check Checks the checksum of the user MAT

H'4C User boot MAT blank check Checks whether the contents of the user
boot MAT are blank

H'4D User MAT blank check Checks whether the contents of the user
MAT are blank

H'4F Boot program status inquiry Inquires into the boot program's status

e Programming
Programming is executed by a programming-selection command and an 128-byte programming
command.

Firstly, the host should send the programming-sel ection command and select the programming
method and programming MATSs. There are two programming selection commands, and selection
is according to the area and method for programming.

(1) User boot MAT programming selection
(2) User MAT programming selection

After issuing the programming selection command, the host should send the 128-byte
programming command. The 128-byte programming command that follows the selection
command represents the data programmed according to the method specified by the selection
command. When more than 128-byte data is programmed, 128-byte commands should repeatedly
be executed. Sending an 128-byte programming command with H'FFFFFFFF as the address will
stop the programming. On completion of programming, the boot program will wait for selection
of programming or erasing.

Where the sequence of programming operations that is executed includes programming with
another method or of another MAT, the procedure must be repeated from the programming
selection command.
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The sequence for programming-selection and 128-byte programming commandsis shown in
figure 18.27.

Host Boot program

|-
>

Programming selection (H'42, H'43) Transter of the

programming

program

<l
|

ACK

>
128-byte programming (address, data)

<l
|

ACK

\ 4

128-byte programming (H'FFFFFFFF)

A

ACK

Figure 18.27 Programming Sequence

(1) User boot MAT programming selection

The boot program will transfer a programming program. The datais programmed to the user boot
MATSs by the transferred programming program.

0 Command, H'42, (1 byte) : User boot-program programming selection

O Response, H'06, (1 byte) : Response to user boot-program programming selection
When the programming program has been transferred, the boot program will return ACK.

Error
response ’H'CZ ’ERROR ‘

O Error response : H'C2 (1 byte): Error response to user boot MAT programming selection
0 ERROR: (1 byte): Error code
H'54 : Selection processing error (transfer error occurs and processing is not completed)

(2) User MAT programming selection.

The boot program will transfer a programming program. The data is programmed to the user
MATSs by the transferred programming program.
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0 Command, H'43, (1 byte) : User-program programming selection

0 Response, H'06, (1 byte) : Response to user-program programming selection
When the programming program has been transferred, the boot program will return ACK.

Error
response ]H'cs ]ERROR \

O Error response: H'C3 (1 byte): Error response to user MAT programming selection
0 ERROR: (1 byte): Error code
H'54: Selection processing error (transfer error occurs and processing is not completed)

(3) 128-byte programming
The boot program will use the programming program transferred by the programming selection to
program the user boot MATs or user MATS.

Command [H'50 Address

Data

SUM

0 Command, H'50, (1 byte) : 128-byte programming

O Programming Address (4 bytes) : Start address for programming
Multiple of the size specified in response to the programming unit inquiry
(i.e. H'00, H'01, H'0O0, H'00 : H'00010000)

O Programming Data (128 bytes) : Data to be programmed
The size is specified in the response to the programming unit inquiry.

0 SUM (1 byte) : Checksum

0 Response, H'06, (1 byte) : Response to 128-byte programming
On completion of programming, the boot program will return ACK.

Error
response ‘H'DO ‘ERROR ‘

O Error response, H'DO, (1 byte) : Error response for 128-byte programming
0 ERROR: (1 byte) : Error code
H'11 : Checksum Error
H'28 : Address error
The address is not within the specified range.
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H'53 : Programming error
A programming error has occurred and programming cannot be
continued.

The specified address should match the unit for programming of data. For example, when the
programming isin 128-byte units, the lower byte of the address should be H'00 or H'80.
When there are less than 128 bytes of data to be programmed, the host should fill the rest with
H'FF.

Sending the 128-byte programming command with the address of H'FFFFFFFF will stop the
programming operation. The boot program will interpret this as the end of the programming and
wait for selection of programming or erasing.

Command ‘H'SO ‘Address SUM
0 Command, H'50, (1 byte) : 128-byte programming
0 Programming Address (4 bytes) : End codeis H'FF, H'FF, H'FF, H'FF.
0 SUM (1 byte) : Checksum

O Response: H'06 (1 byte): Response to 128-byte programming
On completion of programming, the boot program will return ACK.

Error
response ‘H'DO ‘ERROR ‘

O Error Response, H'DO, (1 byte) : Error response for 128-byte programming
0 ERROR: (1 byte) : Error code
H'11 : Checksum error
H'53 : Programming error
An error has occurred in programming and programming cannot be
continued.

» FErasure
Erasure is performed with the erasure selection and block erasure command.

Firstly, erasure is selected by the erasure selection command and the boot program then erases the
specified block. The command should be repeatedly executed if two or more blocks are to be
erased. Sending a block-erasure command from the host with the block number H'FF will stop the
erasure operating. On completion of erasing, the boot program will wait for selection of
programming or erasing.

The sequences of the issuing of erasure selection commands and the erasure of data are shown in
figure 18.28.
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Host Boot Program
>

Preparation for Erasure (H'48)
Transfer of Erasure

Program
<
ACK
>
Erasure (Erased Block Number)
< ACK

Erasure (H'FF)
ACK

A

Figure 18.28 Erasure Sequence

(1) Erasure Selection

The boot program will transfer the erasure program. User MAT datais erased by the transferred
erasure program.

0 Command, H'48, (1 byte) : Erasure selection

0 Response, H'06, (1 byte) : Response for erasure selection
After the erasure program has been transferred, the boot program will return ACK.

Error
response ’H'C8 ’ERROR ‘

O Error response: H'C8 (1 byte): Error response to erasing selection
0 ERROR: (1 byte): Error code
H'54: Selection processing error (transfer error occurs and processing is not completed)

(2) Block Erasure
The boot program will erase the contents of the specified block.

Command ‘H'58 ‘Size Block Number |SUM
0 Command, H'58, (1 byte) : Erasure
O Size (1 byte) : The number of bytes that represents the erasure block number
Thisisfixed to 1.
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O Block Number (1 byte) : Number of the block to be erased
0 SUM (1 byte) : Checksum

0 Response, H'06, (1 byte) : Response to Erasure
After erasure has been completed, the boot program will return ACK.

Error
response ]H'Ds ]ERROR \

O Error Response, H'DS, (1 byte) : Error code
0 ERROR (1 byte) : Error code
H'11 : Sum check error
H'29 : Block number error
Block number isincorrect.
H'51 : Erasure error

An error has occurred during erasure.

On receiving block number H'FF, the boot program will stop erasure and wait for a
selection command.

Command ’H'58 ’Size Block Number |SUM
0 Command, H'58, (1 byte) : Erasure
0 Size (1 byte) : The number of bytes that represents the block number
Thisisfixed to 1.
O Block Number (1 byte) : H'FF
Stop code for erasure
0 SUM (1 byte) : Checksum

0 Response, H'06, (1 byte) : Response to end of erasure (ACK)

When erasure isto be performed after the block number H'FF has been sent, the procedure
should be executed from the erasure selection command.

e Memory read
The boot program will return the data in the specified address.

Command |H'52 ’Size ’Area Read address ‘
Read size SUM
0 Command: H'52 (1 byte): Memory read

O Size (1 byte): Amount of datathat represents the area, read address, and read size (fixed at
9
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O

Response |H'52 Read size

Error

Area (1 byte)

H'00 : User boot MAT

H'01: User MAT
An address error occurs when the area setting is incorrect.
Read address (4 bytes): Start address to be read from
Read size (4 bytes): Size of datato be read
SUM (1 byte): Checksum

Data |- | | | | |

SUM
Response: H'52 (1 byte): Response to memory read

Read size (4 bytes): Size of datato be read

Data (n bytes): Datafor the read size from the read address
SUM (1 byte): Checksum

response ‘ H'D2 ‘ ERROR ‘

g
g

Error response: H'D2 (1 byte): Error response to memory read
ERROR: (1 byte): Error code

H'11: Sum check error

H'2A: Address error

Theread addressisnot in the MAT.

H'2B: Size error

The read size exceeds the MAT.

e User-Boot Program Sum check

The boot program will return the byte-by-byte total of the contents of the bytes of the user-boot
program.

O

Command, H'4A, (1 byte) : Sum check for user-boot program

Response ‘H'SA ‘Size ‘Checksum of user boot program ‘SUM ‘

g
g

O

Response, H'BA, (1 byte) :  Response to the sum check of user-boot program
Size (1 byte) : The number of bytes that represents the checksum

Thisisfixed to 4.

Checksum of user boot program (4 bytes) : Checksum of user boot MATSs
Thetotal of the datais obtained in byte units.

SUM (1 byte) : Sum check for data being transmitted
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e User-Program Sum check
The boot program will return the byte-by-byte total of the contents of the bytes of the user
program.

0 Command, H'4B, (1 byte) : Sum check for user program

Response ’H'SB ‘Size ’Checksum of user program ’SUM ‘
O Response, H'5B, (1 byte) : Response to the sum check of the user program
0 Size (1 byte) : The number of bytes that represents the checksum
Thisisfixed to 4.
0 Checksum of user boot program (4 bytes) : Checksum of user MATs
The total of the data is obtained in byte units.
0 SUM (1 byte) : Sum check for data being transmitted

» User Boot MAT Blank check
The boot program will check whether or not all user boot MATs are blank and return the result.

0 Command, H'4C, (1 byte) : Blank check for user boot MAT

0 Response, H'06, (1 byte) : Response to the blank check of user boot MAT
If all user MATs are blank (H'FF), the boot program will return ACK.

Error
response |H'CC ’ H'52 ‘

O Error Response, H'CC, (1 byte) : Response to blank check for user boot MAT
O Error Code, H'52, (1 byte) : Erasure has not been completed.

e User MAT Blank Check
The boot program will check whether or not all user MATSs are blank and return the result.

0 Command, H'4D, (1 byte) : Blank check for user MATs

0 Response, H'06, (1 byte) : Response to the blank check for user boot MATs
If the contents of all user MATs are blank (H'FF), the boot program will return ACK.
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Error
response |H'CD ‘H'52 ‘

O Error Response, H'CD, (1 byte) : Error response to the blank check of user MATS.
O Error codeH'52 (1 byte) : Erasure has not been completed.

» Boot Program State Inquiry

The boot program will return indications of its present state and error condition. Thisinquiry can
be made in the inquiry/selection state or the programming/erasing state.

0 Command, H'4F, (1 byte) : Inquiry regarding boot program’s state

Response ]H'sF ’Size ’STATUS ERROR SUM
0 Response, H'5F, (1 byte) : Response to boot program state inquiry
O Size (1 byte) : The number of bytes that representsthe STATUS and ERROR.
Thisisfixed to 2.

O STATUS(1 byte) : State of the boot program
For details, see table 18.18.

0 ERROR (1 byte): Error state
ERROR = 0 indicates normal operation.
ERROR = 1 indicates error has occurred
For details, see table 18.19.

0 SUM (1 byte): Checksum

Rev. 5.0, 09/04, page 668 of 978
RENESAS



Table 18.18 Status Code

Code Description

H'11 Device Selection Wait

H'12 Clock Mode Selection Wait

H'13 Bit Rate Selection Wait

H'1F Programming/Erasing State Transition Wait (Bit rate selection is completed)
H'31 Programming State for Erasure

H'3F Programming/Erasing Selection Wait (Erasure is completed)

H'4F Programming Data Receive Wait (Programming is completed)

H'5F Erasure Block Specification Wait (Erasure is completed)

Table18.19 Error Code

Code Description

H'00 No Error

H'11 Sum Check Error

H'12 Program Size Error

H'21 Device Code Mismatch Error
H'22 Clock Mode Mismatch Error
H'24 Bit Rate Selection Error

H'25 Input Frequency Error

H'26 Multiplication Ratio Error
H27 Operating Frequency Error
H'29 Block Number Error

H2A Address Error

H'2B Data Length Error

H'51 Erasure Error

H'52 Erasure Incompletion Error
H'53 Programming Error

H'54 Selection Error

H'80 Command Error

H'FF Bit-Rate-Adjustment Confirmation Error
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18.10.2 AC Characteristicsand Timingin Writer Mode

Table 18.20 AC Characteristicsin Memory Read Mode

Condition: V=50V +£05V,V =0V, T,=25°C+5°C

Code Symbol Min Max Unit Note
Command write cycle t . 20 ps
CE hold time o ns
CE setup time t. ns
Data hold time t,, 50 ns
Data setup time t, 50 ns
Programming pulse width toep 70 ns
WE rise time t 30 ns
WE fall time t, 30 ns

Command write

Memory read mode

A18-0 X Address stable ><
tces tceh tnxtc
CE 4 i \ /
|
oF tuen \ /
tf tr
WE 1
tdsz+ <—:tdh
/07-0 < ;_z>>> <<< >>>

Note : Data is latched at the rising edge of WE.

Figure18.29 Memory Read Timing after Command Write
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Table 18.21 AC Characteristicsin Transition from Memory Read Modeto Others

Condition:V =50V £05V,V =0V, T,=25°C+5°C

Code Symbol Min Max Unit Note
Command write cycle t . 20 ps
CE hold time o ns
CE setup time t. 0 ns
Data hold time t,, 50 ns
Data setup time t, 50 ns
Programming pulse width toep 70 ns
WE rise time t 30 ns
WE fall time t, 30 ns
Memory Read Mode Other Mode Command Write
A18-0 >< Address Stable X

tnxt(: tces tceh
OE
—\—/ twep

WE \ ]

tds<—— q—»tdh

1/07-0 <<< >>> <<< >>

Note : WE and OE should not be enabled simultaneously.

Figure18.30 Timing at Transition from Memory Read Modeto Other Modes
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Table 18.22 AC Characteristics Memory Read Mode

Condition:V =50V +£05V,V =0V, T,=25°C+5°C

Code Symbol Min Max Unit Note
Access time t.. 20 ps
CE output delay time t, 150 ns
OE output delay time t, 150 ns
Output disable delay time  t, 100 ns
Data output hold time t, 5 ns
s \ \
A18-0 >{k Address Stable 7XT Address Stable 7><
ﬁ VIL
ﬁ VIL
WE Viy tace &—
tOh [ toh [
/ r p!
{ I r—

Figure 18.31 CE/OE Enable State Read

A18-0

Address Stable

Address Stable

tee tee
toe toe
,L—\ «
\ t
t t
Vi tace T ace ton S
toh I df ]

1/07-0

)

Figure 18.32 CE/OE Clock Read
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Table 18.23 AC Characteristics Auto-Write Mode
Condition:V =50V £05V,V =0V, T,=25°C+5°C

Code Symbol Min Max Unit Note
Command write cycle t . 20 ps

CE hold time t.. ns

CE setup time t. ns

Data hold time t,, 50 ns

Data setup time t, 50 ns
Programming pulse width toep 70 ns

Status polling start time toe 1 ms

Status polling access time  t_, 150 ns

Address setup time t, 0 ns

Address hold time t, 60 ns

Memory programming time t, 1 3000 ms
Programming setup time b 100 ns
Programming end setup to 100 ns

time

WE rise time t 30 ns

WE fall time t, 30 ns

FWE _/ ' tonh ‘

150 Y ceress siable R

i tees toen | tox tnxtc
e N M\

%

-

OE \ /
tf [wep tr Las )la_h’ ) twsts tspa
WE 7 f
\ J Data Transfer
1 byte to 128 bytes turite

tds || et ]
Identification Signal of

tan
vor (), LD D——_J
Programming Operation End
s () D DS

Programming Operation
Successful End

1/05-0 \@ a5 Or»/ /<< >>/ b ((

1st byte 128th byte
Din Din

Figure18.33 Timingin Auto-Write Mode
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Table 18.24 AC Characteristics Auto-Erase Mode

Condition:V =50V +£05V,V =0V, T,=25°C+5°C

Code Symbol Min Max Unit Note
Command write cycle t . 20 ps
CE hold time o ns
CE setup time t. ns
Data hold time t,, 50 ns
Data setup time t, 50 ns
Programming pulse width wep 70 ns
Status polling start time toe 1 ms
Status polling access time  t_, 150 ns
Memory erase time 100 40000 ms
Erase setup time toe 100 ns
Erase end setup time t, 100 ns
WE rise time t 30 ns
WE fall time t, 30 ns
FWE _/ jﬂhj‘
A18-0 A
Lo 11 es, loen,_,, e e
CE _ﬂ /—\ I
E
WE \ 1‘ \— f
tys |<as | < terase

o7 ——

)

/06 <

)

Z jé/ Erase end

identification

-

N/
/]

1/05-0

H'20 or

Erase normal
and confirmation

ignal

S|
/Zg H20 or SS\
H'25 /4

H'25

'\zg H'00 ;;‘

—\
—\

Figure 18.34 Timingin Auto-Erase Mode
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Table18.25 AC Characteristics Status Read Mode

Condition:V =50V £05V,V =0V, T,=25°C+5°C

Code Symbol Min Max Unit Note
Command write cycle t . 20 ps
CE hold time o ns
CE setup time t. 0 ns
Data hold time t,, 50 ns
Data setup time t, 50 ns
Programming pulse width toep 70 ns
OE output delay time t, 150 ns
Disable delay time ty 100 ns
CE output delay time t, 150 ns
WE rise time t 30 ns
WE fall time t 30 ns

A18-0

{ces feen tn><lc fes fcen tn><lc tnxtc

CE / jﬁ % $ f \
* : ‘ " lee
OE f
tWSD lwep o
J— L—4 f—ﬂ L»4 >~<t—r <t°—e>
WE N f X| f
A 7
t t t t ot
ds |~ |- 'dh ds |- || 'dh r—]
e V(i /i
11070 4«( H71 >>/ \<( H71 >>/ <t >§7

Note: 1/03 and I/02 are undefined.

Figure18.35 Timingin Status Read Mode
Table 18.26 Stipulated Transition Timesto Command Wait State
Condition:V_.=50V +£05V,V =0V, T,=25°C+5°C

Code Symbol Min Max Unit Note

Standby release te 30 ms
(oscillation settling time)

PROM mode setup time t 10 ms

bmv

V. hold time t 0 ms

dwn
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Command wait state
Memory read mode Auto-program mode Normal/abnormal

B tosc1 N tbmv Command wait sfteA Auto-erase mode encrdentification tawn
2 ~ 5
Vee \
£
RES
I | I
FWE 4 .

Note: Set the FWE input pin low level, except in the auto-program and auto-erase modes.

Figure 18.36 Oscillation Stabilization Time, PROM Mode Setup Time, and
Power-Down Sequence

18.10.3 Procedure Program and Storable Area for Programming Data

In the descriptions in the previous section, the programming/erasing procedure programs and
storable areas for program data are assumed to be in the on-chip RAM. However, the program
and the data can be stored in and executed from other areas, such as part of flash memory which is
not to be programmed or erased, or somewhere in the external address space.

» Conditions that Apply to Programming/Erasing

(1) The on-chip programming/erasing program is downloaded from the address set by FTDAR in
on-chip RAM, therefore, this areais not available for use.

(2) The on-chip programming/erasing program will use the 128 bytes as a stack. So, make sure
that this areais secured.

(3) Since download by setting the SCO bit to 1 will cause the MATs to be switched, it should be
executed in on-chip RAM.

(4) The flash memory is accessible until the start of programming or erasing, that is, until the
result of downloading has been judged. When in amode in which the external address space
is not accessible, such as single-chip mode, the required procedure programs, NM1 handling
vector, NMI handler and user branch program should be transferred to the on-chip RAM
before programming/erasing of the flash memory starts.

(5) The flash memory is not accessible during programming/erasing operations, therefore, the
operation program is downloaded to the on-chip RAM to be executed. The NMI-handling
vector and programs such as that which activate the operation program, user program at the
user-branch destination during programming/erasing operation, and NMI handler should thus
be stored in on-chip memory other than flash memory or the external address space.

(6) After programming/erasing, the flash memory should be inhibited until FKEY is cleared.

Thereset state (RES = 0) must be in place for more than 100 us when the LSl modeis
changed to reset on completion of a programming/erasing operation.
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Transitions to the reset state, and hardware standby mode are inhibited during
programming/erasing. When the reset signal is accidentally input to the chip, alonger period
in the reset state than usual (100 ps) is needed before the reset signal is released.

(7) Switching of the MATs by FMATS should be needed when programming/erasing of the user
boot MAT is operated in user-boot mode. The program which switches the MATSs should be
executed from the on-chip RAM. See section 18.8, Switching between User MAT and User
Boot MAT. Please make sure you know which MAT is selected when switching between
them.

(8) When the data storable areaindicated by programming parameter FMPDR iswithin the flash
memory area, an error will occur even when the data stored is normal. Therefore, the data
should be transferred to the on-chip RAM to place the address that FMPDR indicatesin an
area other than the flash memory.

In consideration of these conditions, there are three factors; operating mode, the bank structure of
the user MAT, and operations.

The areas in which the programming data can be stored for execution are shown in table 18.27.

Table 18.27 Executable MAT

Initiated Mode

Operation User Program Mode User Boot Mode*
Programming Table 18.28 (1) Table 18.28 (3)
Erasing Table 18.28 (2) Table 18.28 (4)

Note: * Programming/Erasing is possible to user MATSs.
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Table 18.28 (1) Useable Areafor Programmingin User Program Mode

Storable /Executable Area Selected MAT
Embedded
On-chip User External Space User Program Storage
Item RAM MAT (Expanded Mode) MAT Area
Programming Storage Area for O x* O — —
Procedure  Program Data
Operation for O O O (@)

Selection of On-
chip Program to
be Downloaded

Operation for O o o (@)
Writing H'A5 to
Key Register

Execution of @) X X (@]
Writing SCO = 1
to FCCS
(Download)
Operation for O o o (@)
Key Register
Clear
Judgement of O O O (@)
Download
Result
Operation for O o o (@)
Download Error
Operation for Settings of Initial O O O O
Parameter
Execution of Initialization O x x o
Judgement of Initialization O (@] O (@]
Result
Operation for Initialization O @) O @)
Error
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Storable /Executable Area

Selected MAT

Embedded
On-chip User External Space User Program Storage
Item RAM MAT (Expanded Mode) MAT Area
NMI Handling Routine O x (@] (@)
Operation for Inhibit of @) O @) @)
Interrupt
Operation for Writing H'5A to O O O O
Key Register
Operation for Settings of O x o (@)
Program Parameter
Execution of Programming O x x O
Judgement of Program Result O x O @)
Operation for Program Error O x @) @)
Operation for Key Register O x O @)
Clear
Note: * Transferring the data to the on-chip RAM enables this area to be used.

RENESAS
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Table 18.28 (2) Useable Areafor Erasurein User Program Mode

Storable /Executable Area Selected MAT
Embedded
On-chip User External Space User Program Storage
Item RAM MAT (Expanded Mode) MAT Area
Erasing Operation for O O O O

Procedure Selection of On-
chip Program to
be Downloaded

Operation for O O O (@)
Writing H'A5 to
Key Register

Execution of O x x O
Writing SC0 =1

to FCCS

(Download)

Operation for O O O (@)
Key Register
Clear

Judgement of @) O @) @)
Download
Result

o
o
o
o

Operation for Download Error

Operation for Settings of O o o (@)
Default Parameter

Execution of Initialization @) x x @)
Judgement of Initialization O @) O @)
Result

Operation for Initialization O @) O O
Error

NMI Handling Routine @) x @) @)
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Storable /Executable Area

Selected MAT

Embedded
On-chip User External Space User Program Storage
Item RAM MAT (Expanded Mode) MAT Area
Operation for Inhibit of O O (@] O
Interrupt
Operation for Writing H'5A to O O O O
Key Register
Operation for Settings of O x (@] (@)
Erasure Parameter
Execution of Erasure @) x x O
Judgement of Erasure Result O X O O
Operation for Erasure Error O x @) O
Operation for Key Register O x O O

Clear

RENESAS
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Table 18.28 (3) Useable Areafor Programmingin User Boot M ode

Storable/Executable Area

Selected MAT

User External Space User Embedded
On-chip Boot  (Expanded User Boot  Program
Item RAM MAT Mode) MAT MAT Storage Area
Programming Storage Area for O x*? O — — —
procedure Program Data
Operation for O @) (@] O
Selection of On-
chip Program to
be Downloaded
Operation for @) O (0] @)
Writing H'A5 to
Key Register
Execution of O x x (@)
Writing SCO = 1
to FCCS
(Download)
Operation for @) O (0] @)
Key Register
Clear
Judgement of O O O (@)
Download
Result
Operation for @) O (0] @)
Download Error
Operation for Settings of O O O (@)
Default Parameter
Execution of Initialization O x x @)
Judgement of Initialization O (@] O (@]
Result
Operation for Initialization O @) (@] (@)
Error
NMI Handling Routine O x O (@)
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Storable/Executable Area Selected MAT

User External Space User Embedded
On-chip Boot (Expanded User Boot Program
Item RAM MAT Mode) MAT MAT Storage Area
Operation for Interrupt Inhibit O O (@] @)
Switching MATs by FMATS O x x O
Operation for Writing H'5A to O x O O
Key Register
Operation for Settings of O x O @)
Program Parameter
Execution of Programming O x x O
Judgement of Program Result O x O @)
Operation for Program Error O x*? O O
Operation for Key Register O x O @)
Clear
Switching MATs by FMATS O x x O

Notes: 1. Transferring the data to the on-chip RAM enables this area to be used.
2. Switching FMATS by a program in the on-chip RAM enables this area to be used.
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Table 18.28 (4) Useable Areafor Erasurein User Boot Mode

Storable/Executable Area

Selected MAT

User External Space User Embedded
On-chip Boot  (Expanded User Boot  Program
Item RAM MAT Mode) MAT MAT Storage Area
Erasing Operation for O o O (@)
Procedure Selection of On-
chip Program to
be Downloaded
Operation for O O O O
Writing H'A5 to
Key Register
Execution of @) x x O
Writing SC0 =1
to FCCS
(Download)
Operation for O @) (@] O
Key Register
Clear
Judgement of O o O (@)
Download
Result
Operation for Download Error O O O O
Operation for Settings of O o O (@)
Default Parameter
Execution of Initialization O x x O
Judgement of Initialization O O (@] @)
Result
Operation for Initialization O @) (@] O
Error
NMI Handling Routine @) x (0] @)

Rev. 5.0, 09/04, page 684 of 978

RENESAS



Storable/Executable Area

Selected MAT

User External Space User Embedded
On-chipBoot  (Expanded User Boot Program
Item RAM MAT Mode) MAT MAT Storage Area
Operation for Interrupt Inhibit O O (@] @)
Switching MATs by FMATS O x x O
Operation for Writing H'5A to O x O O
Key Register
Operation for Settings of O x O @)
Erasure Parameter
Execution of Erasure O x x (@)
Judgement of Erasure Result O X (@] O
Operation for Erasure Error O x* (@] O
Operation for Key Register O x O @)
Clear
Switching MATs by FMATS O x x @)

Note: * Switching FMATS by a program in the on-chip RAM enables this area to be used.
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Section 19 Clock Pulse Generator

191 Overview

The H8/3069R has a built-in clock pulse generator (CPG) that generates the system clock (¢) and
other internal clock signals (¢/2 to ¢/4096). After duty adjustment, afrequency divider dividesthe
clock frequency to generate the system clock (). The system clock is output at the @ pin** and
furnished as amaster clock to prescalers that supply clock signals to the on-chip supporting
modules. Frequency division ratios of 1/1, 1/2, 1/4, and 1/8 can be selected for the frequency
divider by settingsin a division control register (DIVCR)**. Power consumption in the chip is
reduced in almost direct proportion to the frequency division ratio.

Notes: 1. Usage of the @ pin differs depending on the chip operating mode and the PSTOP hit
setting in the module standby control register (MSTCR). For details, see section 20.7,
System Clock Output Disabling Function.

2. Thedivision ratio of the frequency divider can be changed dynamically during
operation. The clock output at the @ pin also changes when the division ratio is
changed. The frequency output at the @ pin is shown below.

@=EXTAL xn
where, EXTAL: Frequency of crystal resonator or external clock signal
n: Frequency division ratio (n = 1/1, 1/2, 1/4, or 1/8)

19.1.1  Block Diagram

Figure 19.1 shows a block diagram of the clock pulse generator.

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff CPG -~~~
XTAL —= Duty 0
Oscillator adjustment Frequency Prescalers
circuit divider
EXTAL —
Division
control
register

<  Data bus >
@pin @2 to @4096

Figure19.1 Block Diagram of Clock Pulse Generator
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19.2 Oscillator Circuit

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock
signal.

19.21 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected asin the examplein figure 19.2.
Damping resistance Rd should be selected according to table 19.1 (1), and external capacitances
C,, and C_, according to table 19.1 (2). An AT-cut parallel-resonance crystal should be used.

Cu1
EXTAL T‘ }ﬂT
=
XTAL J\/\/\,L{ }ﬂT
Rd CL

Figure19.2 Connection of Crystal Resonator (Example)

If acrystal resonator with a frequency higher than 20 MHz is connected, the external load
capacitance valuesin table 19.1 (2) should not exceed 10 pF. Also, in order to improve the
accuracy of the oscillation frequency, athorough study of oscillation matching evaluation, etc.,
should be carried out when deciding the circuit constants.

Table19.1(1) Damping Resistance Value

Damping

Resistance Frequency f (MHz)

Value 10<f<13 13<f<16 16 <f<18 18 <f <25
Rd (Q) 0 0 0 0

Note: A crystal resonator between 10 MHz and 25 MHz can be used. If the chip is to be
operated at less than 10 MHz, the on-chip frequency divider should be used. (A crystal
resonator of less than 10 MHz cannot be used.)

Table19.1(2) External Capacitance Values

Frequency f (MHz)

External Capacitance Value 20<f< 25 10 f<20

C,=C, (pF) 10 10 to 22
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Crystal Resonator: Figure 19.3 shows an equivalent circuit of the crystal resonator. The crystal
resonator should have the characteristics listed in table 19.2.

XTAL <—9 s—— EXTAL

AT-cut parallel-resonance type

Figure 19.3 Crystal Resonator Equivalent Circuit

Table19.2 Crystal Resonator Parameters

Frequency (MHz) 10 12 16 18 20 25
Rs max (Q) 30 30 20 20 20 20
Co (pF) 7 (max) 7 (max) 7 (max) 7 (max) 7 (max) 7 (max)

Use a crystal resonator with afrequency equal to the system clock frequency (¢).

Notes on Board Design: When acrystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 19.4.

When the board is designed, the crystal resonator and itsload capacitors should be placed as close
as possible to the XTAL and EXTAL pins.

Avoid
C L

Signal A Signal B
| | H8/3069R chip

T I XTAL

1

I | EXTAL
Cu

-+

Figure19.4 Oscillator Circuit Block Board Design Precautions
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19.2.2 External Clock Input

When the external clock signal isinput to the EXTAL pin, the counter-phase clock signal should
be input to the XTAL pin as shown in figure 19.5 (a). However, the external clock should go high
in standby mode.

When the XTAL pinisleft open, the foot pattern on the board should be formed as small as
possible and wiring should not be done on the printed-circuit board in order to make the stray
capacitance at the XTAL pin be the minimum value.

EXTAL External clock input

XTAL

(a) Complementary clock input at XTAL pin

EXTAL External clock input

XTAL |—— Open

(b) XTAL pin left open

Figure19.5 External Clock Input (Examples)

External Clock: The external clock frequency should be equal to the system clock frequency
when not divided by the on-chip frequency divider. Table 19.3 shows the clock timing, figure
19.6 shows the external clock input timing, and figure 19.7 shows the external clock output
settling delay timing. When the appropriate external clock isinput viathe EXTAL pin, its
waveformis corrected by the on-chip oscillator and duty adjustment circuit.

When the appropriate external clock isinput viathe EXTAL pin, its waveform is corrected by the
on-chip oscillator and duty adjustment circuit. The resulting stable clock is output to external
devices after the external clock settling time (t,,,) has passed after the clock input. The system
must remain reset with the reset signal low during t,,, while the clock output is unstable.
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Table19.3 Clock Timing

V.. =5.0V+10%

Iltem Symbol Min Max Unit Test Conditions
External clock input low  t_ 15 — ns Figure 19.6
pulse width

External clock input high  t_, 15 — ns

pulse width

External clock rise time  t_ — 5 ns

External clock fall time to — 5 ns

Clock low pulse width t., 0.4 0.6 t. Figure 21.13
Clock high pulse width te, 0.4 0.6 t.

External clock output toeer 500 — ps Figure 19.7

settling delay time

Note: * t,,;includes a RES pulse width (t..g,)- e, = 20 t,,

texL
-—————————————
VCC x 0.7
EXTAL Ve x 05
0.3V
— = texr - text

Figure19.6 External Clock Input Timing
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RES T
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Figure19.7 External Clock Output Settling Delay Timing

19.3 Duty Adjustment Circuit

The duty adjustment circuit adjusts the duty cycle of the clock signal from the oscillator to
generate @.

194 Prescalers

The prescalers divide the system clock (¢) to generate internal clocks (¢/2 to ¢/4096).

195 Frequency Divider

The frequency divider divides the duty-adjusted clock signal to generate the system clock (¢). The
frequency division ratio can be changed dynamically by modifying the valuein DIVCR, as
described below. Power consumption in the chip is reduced in aimost direct proportion to the
frequency division ratio. The system clock generated by the frequency divider can be output at the

Qpin.

Rev. 5.0, 09/04, page 692 of 978
RENESAS




19.5.1 Register Configuration
Table 19.4 summarizes the frequency division register.

Table19.4 Freguency Division Register

Address* Name Abbreviation R/W Initial Value

H'EEO1B Division control register DIVCR R/W H'FC

Note: * Lower 20 bits of the address in advanced mode.

19.5.2 Division Control Register (DIVCR)

DIVCR is an 8-hit readable/writable register that selects the division ratio of the frequency
divider.

Bit 7 6 5 4 3 2 1 0
- -/ -1 -] -1 - [owvom|

Initial value 1 1 1 1 1 1 0 0

Read/Write — — — — — — R/W R/W

Reserved bits

Divide bits 1 and 0
These bits select the
frequency division ratio

DIVCRisinitialized to H'FC by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 2—Reserved: These bits cannot be modified and are awaysread as 1.

Bits 1 and 0—Divide (DIV1, DIV0): These hits select the frequency division ratio, as follows.

Bit 1 Bit 0

Divi DIVO Frequency Division Ratio

0 0 1/1 (Initial value)
0 1 1/2

1 0 1/4

1 1 1/8
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1953 Usage Notes
The DIV CR setting changes the ¢ frequency, so note the following points.

» Select afrequency division ratio that stays within the assured operation range specified for the
clock cycletimet, inthe AC electrical characteristics. Note that @, = lower limit of the
operating frequency range. Ensure that @ is not below this lower limit.

e All on-chip module operations are based on @. Note that the timing of timer operations, serial
communication, and other time-dependent processing differs before and after any changein
the division ratio. The waiting time for exit from software standby mode also changes when
the division ratio is changed. For details, see section 20.4.3, Selection of Waiting Time for
Exit from Software Standby Mode.
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Section 20 Power-Down State

20.1 Overview

The H8/3069R has a power-down state that greatly reduces power consumption by halting the
CPU, and a module standby function that reduces power consumption by selectively halting on-
chip modules.

The power-down state includes the following three modes:

» Sleep mode
» Software standby mode
* Hardware standby mode

The module standby function can halt on-chip supporting modules independently of the power-
down state. The modules that can be halted are the 16-bit timer, 8-bit timer, SCIO, SCI1, SCI2,
DMAC, DRAM interface, and A/D converter.

Table 20.1 indicates the methods of entering and exiting the power-down modes and module
standby mode, and gives the status of the CPU and on-chip supporting modules in each mode.
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Table20.1 Power-Down State and Module Standby Function

7 Ja1s1Ba1 |01u0d Agpuels S|INPoON THDLSIN
H Je1s16a1 [013u02 Agpuess 8|NPoN :HYDLSIN
1g Agpuess alemyos ‘AdSS
19181681 |01)U0D WBISAS  1YDSAS
[puaBaT]
‘urebe sia1sibal ajnpow ayy dn 18s uayy
‘0 01 Iq YDLSIN 31 Jea|d 1sIi} ‘a|npow 8y} 1eisal o] "pazijeniul ale ajnpow Bunioddns diyo-uo Buipuodsaliod ay jo sialsiBal ayy ‘T 0318S SI NG YDLSIN B UBYM 'S
‘uid indino & sy se pasn si L9d Usym ‘¥
‘apow Agpuels alempley 0} ajels uonndaxe welboid ay) wolj uoisue.) syl 810j8q YOSAS Ul 0 01 pases|d aq isnw g JAVY 8yl '€
(THOLSIN) T J8isifiay jonuoD Agpuels sinpoi
‘€'2°0z uonaes pue (HYDLSIN) H Ja1sibay |01u0D Agpuels a|npo ‘Z'Z'0Z UOII0aS 98s S|ie1ap 104 T 03 189S Sem 1iq YD LSIN Buipuodsariod ayl yaiym ui ajels g
"seels snoiaid syl poy sisisifial pue sig Jayi0 “pazifeniul a1e YSOWLY JO 9 pue £ SHd pue INOLH T :S8I0N
5«0 0111q
YOLSI fes|D » 19sal  }9sal  }esal  1esal  1esal  1esal 4Py  19sal YOLSIN
S3Y . 2+90uepadul pue pue pue pue pue pue pue pue urtorles g Agpuers
AdlS . - ybiH — 9NV z«P3IBH zxPBIEH zxPBIEH zxPBIEH zxPBJEH zxPBIH zxP3)BH ZxPBleH — @AY By Bulpuodsaiod  snpop
198l 19sal  }@sal  }9sal  1esal  1esal  1esal 19s81  19sal apow
S3Y « douepadwi  souepadwi pue pue pue pue pue pue pue pue pue pauiw uid Ag1S Aqpuels
AglS - ubIH UBIH ¢«PI9H  PaifeH paleH palleH pPaleH PaileH pPaleH paileH  paleH  palfeH -I3Jepun paleH paieH 1e Indur Mo arempreH
AdLS HOSAS Ul
S3Y . 1991 19sal  }9sal  }@sal  1esal  1esal  1esal 4Py  19sal T = A9SS 8iym apow
Y1 01 %0yl ndino pue pue pue pue pue pue pue pue pue paindexa uon  Agqpuess
1AN « PIBH UBIH ploH  paieH paleH paleH palleH payeH paleH paleH  palleH  paleH PISH PaljeH pajeH -onasul d3437S  diemyos
HOSAS Ul
AGLS « 0 = A9SS alym
EERE paindaxe uon apow
ydnuaiu PIeH mndino & pleH  9ANOY  BAOY  SADY  OADY  SAIY  SAIY  BAY  SADY  SANIY PIeH palfeH 8ANdY -onasul 4331S des|s
suonipuod suod ., Indino VY S3|Npop Qv 20S TIDS  0I0S JMowiL  Jawil ddepRul  DVINQ SMBIsIBAY  NdD 001D suonipuod Bl
Bunix3 o/ Yoo d Bylo 1g-8  1g-9T Wvdd Nndd Bupieug
9IS

Rev. 5.0, 09/04, page 696 of 978

RENESAS



20.2 Register Configuration

The H8/3069R has a system control register (SY SCR) that controls the power-down state, and
module standby control registers H (MSTCRH) and L (MSTCRL) that control the module standby
function. Table 20.2 summarizes these registers.

Table20.2 Control Register

Address* Name Abbreviation R/W Initial Value
H'EE012 System control register SYSCR R/W H'09
H'EEO1C Module standby control register H MSTCRH R/W H'78
H'EEQ1D Module standby control register L MSTCRL R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

20.2.1 System Control Register (SYSCR)

Bit 7 6 5 4 3 2

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RAM enable

Software standby
output port enable

NMI edge select

User bit enable

Standby timer select 2to 0
These bits select the
waiting time of the CPU

and peripheral functions

Software standby
Enables transition to
software standby mode

SY SCR is an 8-hit readable/writable register. Bit 7 (SSBY), bits 6 to 4 (STS2 to STS0), and bit 1
(SSOE) control the power-down state. For information on the other SY SCR bits, see section 3.3,
System Control Register (SY SCR).
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Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. When software
standby mode is exited by an external interrupt, this bit remains set to 1 after the return to normal
operation. To clear this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode

Bits 6 to 4—Standby Timer Select (STS2 to STS0): These bits select the length of time the CPU
and on-chip supporting modules wait for the clock to settle when software standby mode is exited
by an external interrupt. If the clock is generated by acrystal resonator, set these bits according to
the clock frequency so that the waiting time will be at least 7 ms (oscillation settling time). See
table 20.3. If an external clock is used, set these bits so that the waiting time will be at least

100 ps.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)

Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 262,144 states

Waiting time = 1,024 states

[EEY
o
P Ol FRP| O|FR|O|PF

lllegal setting

Bit 1—Softwar e Standby Output Port Enable (SSOE): Specifies whether the address bus and

bus control signals (CS, to CS,, AS, RD, HWR, LWR, UCAS, LCAS, and RFSH) are kept as
outputs or fixed high, or placed in the high-impedance state in software standby mode.

Bit 1

SSOE Description

0 In software standby mode, the address bus and bus control signals (Initial value)
are all high-impedance

1 In software standby mode, the address bus retains its output state

and bus control signals are fixed high
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20.2.2 Module Standby Control Register H (M STCRH)

MSTCRH is an 8-bit readable/writable register that controls output of the system clock (¢). It also
controls the module standby function, which places individual on-chip supporting modulesin the
standby state. Module standby can be designated for the SCI0, SCI1, SCI2.

Bit 7 6 5 4 3 2 1 0

‘ PSTOP ‘ — ‘ — ‘ — — ‘ MSTPH2 ‘ MSTPH1 ‘ MSTPHO ‘
Modes 1 to 5 : Initial value 0 1 1 1 1 0 0 0
Mode 7 : Initial value 1 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W

|
Module standby H2 to 0

These bits select modules
to be placed in standby

Reserved bit

@clock stop
Enables or disables
output of the system clock

In modes 1to 5, MSTCRH isinitialized to H'78 by areset and in hardware standby mode, while
inmode 7 it isinitialized to H'F8. It isnot initialized in software standby mode.

Bit 7—@Clock Stop (PSTOP): Enables or disables output of the system clock (¢).

Bit 1

PSTOP Description

0 System clock output is enabled  (Initial value : When modes 1 to 5 are selected)
1 System clock output is disabled (Initial value : When mode 7 is selected)

Bits 6 to 3—Reserved: These bits cannot be modified and are awaysread as 1.

Bit 2—Module Standby H2 (M STPH2): Selects whether to place the SCI2 in standby.

Bit 2

MSTPH2  Description

0 SCI2 operates normally (Initial value)
1 SCI2 is in standby state
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Bit 1—Module Standby H1 (M STPH1): Selects whether to place the SCI1 in standby.

Bit 1

MSTPH1  Description

0 SCI1 operates normally (Initial value)
1 SCI1 is in standby state

Bit 0—M odule Standby HO (M STPHO): Selects whether to place the SCIO0 in standby.

Bit 0

MSTPHO  Description

0 SCIO0 operates normally (Initial value)
1 SCIO0 is in standby state

20.2.3 Module Standby Control Register L (MSTCRL)

MSTCRL is an 8-hit readable/writable register that controls the module standby function, which
placesindividual on-chip supporting modulesin the standby state. Module standby can be
designated for the DMAC, 16-bit timer, DRAM interface, 8-bit timer, and A/D converter modules.

Bit 7 6 5 4 3 2 1 0

‘ MSTPL7‘ — ‘ MSTPLS‘ MSTPL4‘ MSTPL3 ‘ MSTPL2 ‘ — ‘MSTPLO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

T i

Reserved bits

Module standby L7, L5to L2, LO
These bits select modules to be
placed in standby

MSTCRL isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Module Standby L7 (M STPL7): Selects whether to place the DMAC in standby.

Bit 7

MSTPL7  Description

0 DMAC operates normally (Initial value)
1 DMAC is in standby state
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Bit 6—Reserved: This bit can be written and read.

Bit 5—Module Standby L5 (M STPL5): Selects whether to place the DRAM interface in
standby.

Bit 5

MSTPL5  Description

0 DRAM interface operates normally (Initial value)
1 DRAM interface is in standby state

Bit 4—Module Standby L4 (M STPL 4): Selects whether to place the 16-bit timer in standby.

Bit 4

MSTPL4  Description

0 16-bit timer operates normally (Initial value)
1 16-hit timer is in standby state

Bit 3—Module Standby L3 (M STPL 3): Selects whether to place 8-bit timer channelsOand 1 in
standby.

Bit 3

MSTPL3  Description

0 8-bit timer channels 0 and 1 operate normally (Initial value)
1 8-bit timer channels 0 and 1 are in standby state

Bit 2—Module Standby L2 (M STPL 2): Selects whether to place 8-bit timer channels2 and 3in
standby.

Bit 2

MSTPL2  Description

0 8-bit timer channels 2 and 3 operate normally (Initial value)
1 8-bit timer channels 2 and 3 are in standby state

Bit 1—Reserved: This bit can be written and read.

Bit 0—Module Standby LO (M STPLO0): Selects whether to place the A/D converter in standby.

Bit 0

MSTPLO  Description

0 A/D converter operates normally (Initial value)
1 A/D converter is in standby state

Rev. 5.0, 09/04, page 701 of 978
RENESAS



20.3 Sleep Mode

20.3.1 Transition to Sleep Mode

When the SSBY bit iscleared to 0 in SY SCR, execution of the SLEEP instruction causes a
transition from the program execution state to sleep mode. Immediately after executing the
SLEEP instruction the CPU halts, but the contents of itsinternal registers are retained. The DMA
controller (DMAC), DRAM interface, and on-chip supporting modules do not halt in sleep mode.
Modules which have been placed in standby by the module standby function, however, remain
halted.

20.3.2 Exit from Sleep Mode
Sleep mode is exited by an interrupt, or by input at the RES or STBY pin.

Exit by Interrupt: An interrupt terminates sleep mode and causes a transition to the interrupt
exception handling state. Sleep mode is not exited by an interrupt source in an on-chip supporting
moduleif theinterrupt is disabled in the on-chip supporting module. Sleep mode is not exited by
an interrupt other than NMI if the interrupt is masked by interrupt priority settings and the settings
of the |l and Ul bitsin CCR, IPR.

Exit by RES Input: Low input at the RES pin exits from sleep mode to the reset state.

Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware standby
mode.
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20.4  Software Standby Mode

20.4.1 Transition to Software Standby Mode

To enter software standby mode, execute the SLEEP instruction while the SSBY bitissetto1in
SYSCR.

In software standby mode, current dissipation is reduced to an extremely low level because the
CPU, clock, and on-chip supporting modules all halt. The DMAC and on-chip supporting
modules are reset and halted. Aslong as the specified voltage is supplied, however, CPU register
contents and on-chip RAM data are retained. The settings of the 1/0O ports and DRAM interface*
are also held. When the WDT is used as awatchdog timer (WT/IT = 1), the TME bit must be
cleared to O before setting SSBY . Also, when setting TME to 1, SSBY should be cleared to 0.

Clear the BRLE bit in BRCR (inhibiting bus release) before making atransition to software
standby mode.

Note: * RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and registers hold their
previous states.

20.4.2  Exit from Software Standby M ode

Software standby mode can be exited by input of an external interrupt at the NMI, IRQ,, IRQ,, or
IRQ, pin, or by input at the RES or STBY pin.

Exit by Interrupt: When an NMI, IRQ,, IRQ,, or IRQ, interrupt request signal isreceived, the
clock oscillator begins operating. After the oscillator settling time selected by bits STS2 to STSO
in SY SCR, stable clock signals are supplied to the entire chip, software standby mode ends, and
interrupt exception handling begins. Software standby mode is not exited if the interrupt enable
bits of interrupts IRQ,, IRQ,, and IRQ, are cleared to O, or if these interrupts are masked in the
CPU.

Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock pulses are
supplied immediately to the entire chip. The RES signal must be held low long enough for the
clock oscillator to stabilize. When RES goes high, the CPU starts reset exception handling.

Exit by STBY Input: Low input at the STBY pin causes atransition to hardware standby mode.
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20.4.3  Selection of Waiting Time for Exit from Software Standby M ode
Bits STS2 to STS0 in SY SCR and bits DIV1 and DIVO in DIVCR should be set as follows.

Crystal Resonator: Set STS2 to STS0, DIV 1, and DIVO so that the waiting time (for the clock to
stabilize) isat least 7 ms. Table 20.3 indicates the waiting times that are selected by STS2 to
STSO, DIV, and DIVO settings at various system clock freguencies.

External Clock: Set STS2 to STS0, DIV1, and DIVO so that the waiting timeis at least 100 ps.

Table20.3 Clock Frequency and Waiting Timefor Clock to Settle

DIVl DIVO STS2 STS1 STSO Waiting Time 25 MHz 20 MHz 18 MHz 16 MHz 12 MHz 10 MHz Unit
0 0 0 0 0 8192 states 0.3 0.4 0.46 0.51 0.65 0.8 ms
0 0 1 16384 states 0.7 0.8 0.91 1.0 1.3 1.6
0 1 0 32768 states 1.3 1.6 1.8 2.0 2.7 3.3
0 1 1 65536 states 2.6 3.3 3.6 4.1 55 6.6
1 0 0 131072 states 5.2 6.6 7.3* 8.2% 10.9* 13.1*

1 0 1 262144 states 10.5* 13.1* 14.6 16.4 21.8 26.2
1 1 0 1024 states  0.04 0.05 0.057 0.064 0.085 0.10
1 1 1 lllegal setting
0 1 0 0 0 8192 states 0.7 0.8 0.91 1.02 1.4 1.6 ms
0 0 1 16384 states 1.3 1.6 1.8 2.0 2.7 3.3
0 1 0 32768 states 2.6 3.3 3.6 4.1 55 6.6
0 1 1 65536 states 5.2 6.6 7.3* 8.2% 10.9* 13.1*
1 0 0 131072 states 10.5* 13.1* 14.6 16.4 21.8 26.2
1 0 1 262144 states 21.0 26.2 29.1 32.8 43.7 52.4
1 1 0 1024 states  0.08 0.10 0.11 0.13 0.17 0.20
1 1 1 lllegal setting
1 0 0 0 0 8192 states 1.3 1.6 1.8 2.0 2.7 3.3 ms
0 0 1 16384 states 2.6 3.3 3.6 4.1 55 6.6
0 1 0 32768 states 5.2 6.6 7.3* 8.2% 10.9* 13.1*
0 1 1 65536 states  10.5* 13.1* 14.6 16.4 21.8 26.2
1 0 0 131072 states 21.0 26.2 29.1 32.8 43.7 52.4
1 0 1 262144 states 41.9 52.4 58.3 65.5 87.4 104.9
1 1 0 1024 states  0.16 0.20 0.23 0.26 0.34 0.41
1 1 1 lllegal setting
1 1 0 0 0 8192 states 2.6 33 3.6 41 5.5 6.6 ms
0 0 1 16384 states 5.2 6.6 7.3* 8.2* 10.9* 13.1*
0 1 0 32768 states  10.5 13.1* 14.6 16.4 21.8 26.2
0 1 1 65536 states  21.0* 26.2 29.1 32.8 43.7 52.4
1 0 0 131072 states 41.9 52.4 58.3 65.5 87.4 104.9
1 0 1 262144 states 83.9 104.9 116.5 131.1 174.8 209.7
1 1 0 1024 states  0.33 0.41 0.46 0.51 0.68 0.82
1 1 1 lllegal setting

* : Recommended setting
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2044

Sample Application of Software Standby M ode

Figure 20.1 shows an example in which software standby mode is entered at the fall of NMI and

exited at the rise of NMI.

With the NMI edge select bit (NMIEG) cleared to 0 in SY SCR (selecting the falling edge), an
NMI interrupt occurs. Next the NMIEG bit is set to 1 (selecting the rising edge) and the SSBY bit
is set to 1; then the SLEEP instruction is executed to enter software standby mode.

Software standby mode is exited at the next rising edge of the NMI signal.

Clock

osaitiator LTI

e LT

0 vy

UITTUUUUUL

NMI } . !
NMIEG | h
SSBY | h
NMI interrupt Software standby  Oscillator NMI exception
handler mode (power- settling time handling
NMIEG =1 down state) (tosc2)
SSBY =1
SLEEP
instruction
Figure20.1 NMI Timingfor Software Standby Mode (Example)
2045 Note

The /O ports retain their existing statesin software standby mode. If a port isin the high output

state, its output current is not reduced.
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20.5 Hardware Standby Mode

20.5.1 Transition to Hardware Standby Mode

Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin
goes low. Hardware standby mode reduces power consumption drastically by halting all functions
of the CPU, DMAC, DRAM interface, and on-chip supporting modules. All modules are reset
except the on-chip RAM. Aslong as the specified voltage is supplied, on-chip RAM datais
retained. 1/O ports are placed in the high-impedance state.

Clear the RAME bit to 0 in SY SCR before STBY goes low to retain on-chip RAM data.

The inputs at the mode pins (MD2 to MDO) should not be changed during hardware standby
mode.

Note: Do not select the hardware standby mode during the reset period following power-on.

20.5.2 Exit from Hardware Standby M ode

Hardware standby mode is exited by inputs at the STBY and RES pins. While RES is low, when
STBY goes high, the clock oscillator starts running. RES should be held low long enough for the
clock oscillator to settle. When RES goes high, reset exception handling begins, followed by a
transition to the program execution state.

20.5.3 Timingfor Hardware Standby Mode

Figure 20.2 shows the timing relationships for hardware standby mode. To enter hardware standby
mode, first drive RES low, then drive STBY low. To exit hardware standby mode, first drive
STBY high, wait for the clock to settle, then bring RES from low to high.
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oscillator
RES

STBY |

I —
" Oscillator
settling time

Reset
exception
handling

Figure20.2 Hardware Standby Mode Timing

20.5.4 Timing for Hardware Standby Mode at Power-On

Figure 20.3 shows the timing relationships for entering hardware standby mode when the power is
turned on.

To make atransition to hardware standby mode when the power is turned on, hold the RES pin
low for the stipulated time while keeping the STBY pin high. After the reset is cleared, set the
STBY pin low.

For details on exiting hardware standby mode, see section 20.5.3, Timing for Hardware Standby
Mode.

Power
supply

RES

| Reset period

STBY

! Hardware standby
' . mode

Figure20.3 Timing for Hardware Standby Mode at Power-On
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20.6  Module Standby Function

20.6.1 Module Standby Timing

The module standby function can halt several of the on-chip supporting modules (SCI2, SCI1,
SCI0, the DMAC, 16-bit timer, 8-hit timer, DRAM interface, and A/D converter) independently in
the power-down state. This standby function is controlled by bits MSTPH2 to MSTPHO in
MSTCRH and bits MSTPL7 to MSTPLO in MSTCRL. When one of these bitsis set to 1, the
corresponding on-chip supporting module is placed in standby and halts at the beginning of the
next bus cycle after the MSTCR write cycle.

20.6.2 Read/Writein Module Standby

When an on-chip supporting module isin module standby, read/write access to itsregistersis
disabled. Read access always results in H'FF data. Write accessis ignored.

20.6.3 Usage Notes

When using the module standby function, note the following points.

DMAC: When setting a bit in MSTCR to 1 to place the DMAC in module standby, make sure that
the DMAC is not currently requesting the bus right. If the corresponding bit in MSTCRisset to 1
when abus request is present, operation of the bus arbiter becomes ambiguous and a malfunction
may occur.

DRAM Interface: When the module standby function is used on the DRAM interface, set the
MSTCR hit to 1 while DRAM space is deselected.

On-Chip Supporting Module Interrupts: Before setting a module standby bit, first disable
interrupts by that module. When an on-chip supporting module is placed in standby by the module
standby function, itsregisters are initialized, including registers with interrupt request flags.

Pin States: Pins used by an on-chip supporting module |ose their modul e functions when the
moduleis placed in module standby. What happens after that depends on the particular pin. For
details, see section 8, 1/0 Ports. Pins that change from the input to the output state require special
care. For example, if SCI1 isplaced in module standby, the receive data pin loses its receive data
function and becomes a port pin. If its port DDR bit is set to 1, the pin becomes a data output pin,
and its output may collide with external SCI transmit data. Data collision should be prevented by
clearing the port DDR bit to O or taking other appropriate action.

Register Resetting: When an on-chip supporting module is halted by the module standby
function, all itsregisters are initialized. To restart the module, after its MSTCR bit is cleared to O,
its registers must be set up again. It is not possible to write to the registers while the MSTCR bit is
setto 1.
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M STCR Access from DMAC Disabled: To prevent malfunctions, MSTCR can only be accessed
from the CPU. It can be read by the DMAC, but it cannot be written by the DMAC.

20.7  System Clock Output Disabling Function

Output of the system clock (¢) can be controlled by the PSTOP bit in MSTCRH. When the
PSTOP hit is set to 1, output of the system clock halts and the @ pin is placed in the high-
impedance state. Figure 20.4 shows the timing of the stopping and starting of system clock output.
When the PSTORP bit is cleared to 0, output of the system clock is enabled. Table 20.4 indicates
the state of the @ pin in various operating states.

MSTCRH write cycle MSTCRH write cycle
(PSTOP =1) (PSTOP =0)
T T2 Ts T T2 Ts
0 pln () () : : : .
J U U U \_‘ ™~ High impedance T S U

Figure20.4 Starting and Stopping of System Clock Output

Table20.4 @Pin Statein Various Operating States

Operating State PSTOP =0 PSTOP =1

Hardware standby High impedance High impedance
Software standby Always high High impedance
Sleep mode System clock output High impedance
Normal operation System clock output High impedance
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Section 21 Electrical Characteristics

21.1  Electrical Characteristics of HD64F3069RF25 and
HD64F3069RTE?25

21.1.1  Absolute Maximum Ratings

Table 21.1 lists the absolute maximum ratings.

Table21.1 Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage V —0.3t0 +7.0 \Y
Input voltage (FWE)** Vv, -0.3toV, +0.3 \Y
Input voltage (except for port 7)** V,_ -0.3to V. +0.3 \%
Input voltage (port 7) vV, -0.3t0 AV +0.3 \%
Reference voltage Veer -0.3to AV +0.3 \
Analog power supply voltage AV . -0.3t0+7.0 \%
Analog input voltage V. -0.3t0 AV +0.3 \
Operating temperature Ton Regular specifications: —20 to +75*° °C
Storage temperature T -55to +125 °C

stg

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Notes: 1. Do not apply the power supply voltage to the V_ pin. Connect an external capacitor
between this pin and GND.
2. 12 V must not be applied to any pin, as this may cause permanent damage to the
device.
3. The operating temperature range for flash memory programming/erasing is T, = 0 to
+75°C (Regular specifications).
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21.1.2 DC Characteristics

Table 21.2 liststhe DC characteristics. Table 21.3 lists the permissible output currents.

Table21.2 DC Characteristics

Conditions: V=AV_ =50V +10%,V, . =45V t0AV_*',V =AV_ =0V*
T, =—20°C to +75°C (Regular specifications),
[Programming/erasing conditions: T, = 0°C to +75°C (Regular specifications)]

Test
ltem Symbol Min Typ Max Unit Conditions
Schmitt trigger Port A, A 1.0 — — \%
input voltages P8, to P8, VT+ _ _ V. x07 V
V.-V, 04 — — \

Input high STBY,RES, Vv, V=07 — V,+03 V
voltage NMI, MD, to

MD,, FWE

EXTAL Ve x0.7 — Ve+03 V

Port 7 2.0 — AV, +03 V

Ports 1 to 6, 2.0 — V,.+03 V

P8,, P8,, P9, to

P9,, port B
Input low STBY, RES, V, -0.3 — 0.5 \Y
voltage FWE, MD, to

MD,

NMI, EXTAL, -0.3 — 0.8 \

ports 1 to 7,

P8,, P8,, P9, to

P9,, port B
Output high  All output pins  V_, Vi—-05 — — \ I, =—200 pA
voltage 35 - - Voo l,=-1mA
Output low All output pins V. — — 0.4 \ l,,=1.6 mA
voltage

Ports 1, 2, — — 1.0 \ lo. = 10 MA

and 5
Input leakage STBY, RES, 1.l — — 1.0 HA V, =05Vto
current NMI, FWE, V,.—-05V

MD, to MD,

Port 7 — — 1.0 MA V,=05Vto

AV -05V
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Test

Iltem Symbol Min Typ Max Unit Conditions
Three-state ~ Ports 1 to 6, [l — — 1.0 HA V, =05Vto
leakage Ports 8 to B V,.—-05V
current
Input pull-up  Ports 2, 4, =, 50 — 360 HA V,=0V
MOS current and 5
Input FWE C., — — 80 pF VvV, =0V,
capacitance f=f_,
NMI — — 50 pF T,=25°C
All input pins — — 15 pF
except NMI
Current Normal I’ — 24 36 mA  f=25MHz
dissipation**  operation (5.0V)
Sleep mode — 20 33 mA f=25MHz
(5.0V)
Module — 15 25 mA f=25MHz
standby mode (5.0 V)
Standby mode — 25 920 A T,<50°C
(5.0V)
— — 120 MA  50°C<T,
Flash memory — 34 46 mA f=25MHz
programming/ (5.0V)
erasing**
Analog power During A/D Al — 0.9 15 mA
supply current conversion
During A/D — 0.9 15 mA
and D/A
conversion
Idle — 0.05 5 MPA T, ,<50°C
— — 15 MA  50°C<T,
at DASTE =0

RENESAS
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Test

Item Symbol  Min Typ Max Unit  Conditions
Reference During A/D Al — 0.45 0.8 mA
current conversion

During A/D and — 1.8 3.0 mA

D/A conversion

Idle — 0.05 5.0 HA DASTE =0
RAM standby voltage Vi 3.0 — — \
V__output Normal operation V_ 1.5 1.9 2.3 \ V. =5.0V
voltage*® T,=25°C
V. start Vecsmr — 0 0.8 \Y
voltage*®
V. rise rate** SV, 0.05 — — Vims

Notes: 1. If the A/D converter is not used, do not leave the AV, V.., and AV pins open.
Connect AV and V. to V., and connect AV to V.

2. Current dissipation values are for V,, min = V_— 0.5V and V, max = 0.5 V with all
output pins unloaded and the on-chip MOS pull-up transistors in the off state.

3. I max. (normal operation) = 15 (mA) + 0.15 (MA/(MHz x V)) x V__ x f
I.. max. (sleep mode) =15 (mA) + 0.13 (MA/(MHz x V)) x V__ % f
I, max. (sleep mode + module standby mode)

=15 (mA) + 0.07 (mA/(MHz x V)) x V__ % f
The Typ values for power consumption are reference values.

4. Sum of current dissipation in normal operation and current dissipation in program/erase
operations.

5. This value is applied when the external capacitor of 0.1 uF is connected. This
characteristic does not specify the permissible range of voltage input from the external
circuit but specifies the voltage output by the LSI.

6. These characteristics are applied under the condition in which the RES pin goes low
when powering on.

Rev. 5.0, 09/04, page 714 of 978
RENESAS



Table21.3 Permissible Output Currents

Conditions; V.=AV_ =50V £10%,V .. =45V10AV_,V =AV =0V,
T,=-20°C to +75°C (Regular specifications)

Item Symbol Min  Typ Max Unit
Permissible output Ports 1, 2, and 5 lo — — 10 mA
low current (per pin) Other output pins - = 20 mA
Permissible output Total of 20 pins in 2l — — 80 mA
low current (total) Ports 1, 2, and 5

Total of all output pins, — — 120 mA

including the above

Permissible output All output pins [ —loy | — — 20 mA
high current (per pin)

Permissible output Total of all output pins [ =l | — — 40 mA
high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 21.3.

2. When directly driving a darlington pair or LED, always insert a current-limiting resistor
in the output line, as shown in figures 21.1 and 21.2.

H8/3069RF-ZTAT

Port

Darlington pair

Figure21.1 Darlington Pair Drive Circuit (Example)
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H8/3069RF-ZTAT

600Q

Ports 1, 2,5

LED

Figure21.2 Sample LED Circuit
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21.1.3 AC Characteristics

Clock timing parameters are listed in table 21.4, control signal timing parametersin table 21.5,
and bustiming parametersin table 21.6. Timing parameters of the on-chip supporting modules are

listed in table 21.7.

Table21.4 Clock Timing

Condition: T, =-20°Cto +75°C (Regular specifications),
V. .=AV, =50V +10%,V, . =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Test
Item Symbol Min Max Unit Conditions
Clock cycle time e 40 100 ns Figure 21.13
Clock pulse low width te 10 — ns
Clock pulse high width  t_, 10 — ns
Clock rise time te, — 10 ns
Clock fall time t, — 10 ns
Clock oscillator settling  t,., 20 — ms Figure 21.10
time at reset
Clock oscillator settling  t,., 7 — ms Figure 20.1

time in software standby

Table21.5 Control Signal Timing

Conditions; T,=-20°C to +75°C (Regular specifications),
V. .=AV =50V +10%,V, . =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Test
Item Symbol Min Max Unit Conditions
RES setup time (I 150 — ns Figure 21.11
RES pulse width (- 20 — e
Mode programming setup  t,. 200 — ns
time
NMI, IRQ setup time tuws 150 — ns Figure 21.12
NMI, IRQ hold time ton 10 — ns
NMI, IRQ pulse width Lo 200 — ns

RENESAS
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Table21.6 BusTiming

Conditions: T,=-20°Cto +75°C (Regular specifications),

V. .=AV_ =50V *10%,V, =45V to AV

V. =AV_=0V, fmax = 25 MHz

Test
Item Symbol Min Max Unit Conditions
Address delay time [ — 25 ns Figure 21.13,
Address hold time t 05t,-20 — ns Figure 21.14,
Read strobe delay time  t_ — 25 ns Figure 21.16,
Address strobe delay o — 25 ns Figure 21.17,
time Figure 21.19
Write strobe delay time — 25 ns
Strobe delay time te — 25 ns
Write strobe pulse trsw 10t,-25 — ns
width 1
Write strobe pulse swa 15t,-25 — ns
width 2
Address setup time 1 [ 05t,-20 — ns
Address setup time 2 e 10t,-20 — ns
Read data setup time teps 25 — ns
Read data hold time teon 0 — ns
Write data delay time oo — 35 ns
Write data setup time 1t 10t,-30 — ns
Write data setup time 2 t,,, 20t,-30 — ns
Write data hold time twon 05t,-15 — ns
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Test

Iltem Symbol Min Max Unit Conditions
Read data access [ — 20t,-45 ns Figure 21.13,
time 1 Figure 21.14,
Read data access teos — 3.0t,—-45 ns Figure 21.16,
time 2 Figure 21.17
Read data access e — 15t,-45 ns

time 3

Read data access e — 25t,-45 ns

time 4

Precharge time 1 oo 10t,-20 — ns

Precharge time 2 o 05t,-20 — ns

Wait setup time s 25 — ns Figure 21.15
Wait hold time tamw 5 — ns

Bus request setup time  t. . 25 — ns Figure 21.18
Bus acknowledge delay t,,., — 30 ns

time 1

Bus acknowledge delay t,,., — 30 ns

time 2

Bus-floating time oo — 30 ns

RAS precharge time tee 15t,-25 — ns Figure 21.19,
CAS precharge time te 05t,-15 — ns Figure 21.20
Low address hold time  t_,, 05t,-15 — ns

RAS delay time 1 tpor — 25 ns

RAS delay time 2 too — 30 ns

CAS delay time 1 topsor — 25 ns

CAS delay time 2 torsos — 25 ns

WE delay time t — 25 ns

'WCD

RENESAS

Rev. 5.0, 09/04, page 719 of 978



Test

Item Symbol Min Max Unit Conditions
CAS pulse width 1 toe 15t,-20 — ns Figure 21.19
to

CAS pulse width 2 torss 10t,-20 — ns Figure 21.21
CAS pulse width 3 tes 1.0t,-20 — ns

RAS access time to,c — 25t,-40 ns

Address access time tn — 20t,-50 ns

CAS access time toe — 15t,-50 ns

WE setup time tes 05t,-20 — ns

WE hold time toen 05t,-15 — ns

Write data setup time tos 05t,-20 — ns

WE write data hold time  t,,,, 05t,-15 — ns

CAS setup time 1 tecns 05t,-20 — ns

CAS setup time 2 teoro 05t,-15 — ns

CAS hold time ton 05t,-15 — ns

RAS pulse width toss 15t,-15 — ns

Note: In order to secure the address hold time relative to the rise of the RD strobe, address
update mode 2 should be used. For details see section 6.3.5, Address Output Method.
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Table21.7 Timing of On-Chip Supporting Modules

Conditions: T,=-20°Cto +75°C (Regular specifications),
Vo =AV,.=50V +10%, V. . =45Vt0AV_,V =AV =0V, fmax = 25 MHz

Test

Module Item Symbol Min Max Unit Conditions
Ports ~ Output data oo — 50 ns Figure 21.22
and delay time
TPC Input data setup  t.. 50 — ns

time

Input data hold tor 50 — ns

time
16-bit  Timer output [ — 50 ns Figure 21.23
timer delay time

Timer input s 50 — ns

setup time

Timer clock trexs 50 — ns Figure 21.24

input setup time

Timer  Single o 15 — t.

clock edge

pulse g t 25 —

- TCKWL " cyc

width edges
8-bit Timer output troco — 50 ns Figure 21.23
timer delay time

Timer input tres 50 — ns

setup time

Timer clock s 50 — ns Figure 21.24

input setup time

Timer  Single e 1.5 — e

clock edge

ulse

P Both (- 2.5 — t,

width edges
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Test

Module Item Symbol Min Max Unit Conditions
SCl Input  Asyn- [ 4 — t. Figure 21.25
clock  chronous
cycle Syn- 6 _ N
chronous
Input clock rise tecr — 15 e
time
Input clock fall Yoo — 15 t,.
time
Input clock tecw 0.4 0.6 [
pulse width
Transmit data tho — 100 ns Figure 21.26
delay time
Receive data [ 100 — ns
setup time
(synchronous)
Receive  Clock t., 100 — ns
data hold input
time (syn- o0k 0 — ns
chronous) output
DMAC TEND delaytime 1t — 50 ns Figure 21.27,
TEND delay time 2 t,_, — 50 ns Figure 21.28
DREQ setup time  t_. 25 — ns Figure 21.29
DREQ hold time  t 10 — ns

DRQH

C=90pF: Ports 4,6, 8

A19 to Ao, D15 to Dg
C=30pF: Ports9, A, B
R . =24kQ
Ry=12kQ

H8/3069RF-ZTAT
output pin

Input/output timing measurement
levels

eLow: 0.8V

« High: 2.0V

Figure21.3 Output Load Circuit
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21.1.4 A/D Conversion Characteristics
Table 21.8 liststhe A/D conversion characteristics.

Table21.8 A/D Conversion Characteristics

Conditions; T,=-20°C to +75°C (Regular specifications),
V. .=AV,.=50V +10%,V, . =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Item Min Typ Max Unit
Conver- Resolution 10 10 10 bits
siontime:  conversion time (single — — 134 ty.
134 states mode)
Analog input capacitance — — 20 pF
Permissible @<13MHz — — 10 kQ
signal-source
impedance  ¢>13MHz — — 5 kQ
Nonlinearity error — — +3.5 LSB
Offset error — — +3.5 LSB
Full-scale error — — +3.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +4.0 LSB
Iltem Min Typ Max Unit
Conver- Resolution 10 10 10 bits
siontime:  conversion time (single — — 70 t.
70 states mode)
Analog input capacitance — — 20 pF
Permissible @<13MHz — — 5 kQ
signal-source
impedance  ¢>13MHz — — 3 kQ
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — 7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
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21.1.5 D/A Conversion Characteristics
Table 21.9 lists the D/A conversion characteristics.

Table21.9 D/A Conversion Characteristics

Conditions; T,=-20°C to +75°C (Regular specifications),
V. .=AV,.=50V +10%,V, . =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Item Min Typ Max Unit Test Conditions

Resolution 8 8 8 bits

Conversion time — — 10 Us 20 pF capacitive

(centering time) load

Absolute accuracy — +1.5 +2.0 LSB 2 MQ resistive
load

— — +1.5 LSB 4 MQ resistive

load
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21.1.6 Flash Memory Characteristics
Table 21.10 shows the flash memory characteristics.

Table 21.10 Flash Memory Char acteristics

Conditions; V .=AV_ =45V t055V,V=AV_=0V,
T,=0°Cto +75°C (operating temperature range for programming/erasing :
Regular specifications)

Item Symbol Min Typ Max  Unit Notes
Programming time***?** t, — 3 30 ms/
128 bytes
Erase time*'*?** t. — 80 800  ms/4k
blocks
— 500 5000 ms/32k
blocks
— 1000 10000 ms/64k
blocks
Programming time (total)***?** 5t, — 10 30 s/512k  T,=25°C,
bytes all "0"
Erase time (total)*'**** St — 10 30 s/512k T, =25°C
bytes
Programming and erase time (total)***?** St — 20 60 s/512k T, =25°C
bytes
Reprogramming count Nyec 100%* — — times
Data retention time** tore 10 — — year

Notes: 1. Programming and erase time depend on the data size.
2. Programming and erase time excluded the data transfer time.
3. Itis the number of times of min. which guarantees all the characteristics after
reprogramming. (A guarantee is the range of a 1-min. value.)
4. lItis the characteristic when reprogramming is performed by specification within the
limits including a min. value.

Rev. 5.0, 09/04, page 725 of 978
RENESAS



21.2  Electrical Characteristics of HD64F3069RF25W and
HD64F3069RT E25W

21.2.1 Absolute Maximum Ratings

Table 21.11 lists the absolute maximum ratings.

Table 21.11 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage V! -0.3t0+7.0 \%
Input voltage (FWE)** A -0.3to V. +0.3 Y
Input voltage (except for port 7)** V,_ -0.3to0V_+0.3 \%
Input voltage (port 7) V., -0.3to AV +0.3 \%
Reference voltage Vieer -0.3to AV . +0.3 \
Analog power supply voltage AV . -0.3t0+7.0 \%
Analog input voltage Vi -0.3t0 AV . +0.3 \
Operating temperature Toor Wide-range specifications: —40 to +85*° °C
Storage temperature T -551t0 +125 °C

stg

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Notes: 1. Do not apply the power supply voltage to the V_ pin. Connect an external capacitor
between this pin and GND.
2. 12 V must not be applied to any pin, as this may cause permanent damage to the
device.
3. The operating temperature range for flash memory programming/erasing is T, = 0 to
+85°C (Wide-range specifications).
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21.2.2 DC Characteristics
Table 21.12 lists the DC characteristics. Table 21.13 lists the permissible output currents.

Table21.12 DC Characteristics

Conditions: V_=AV_ =50V +10%,V . =45V t0AV_*',V =AV_ =0V*
T, =—40°C to +85°C (Wide-range specifications),
[Programming/erasing conditions: T, = 0°C to +85°C (Wide-range specifications)]

Test
ltem Symbol Min Typ Max Unit Conditions
Schmitt trigger Port A, A 1.0 — — \%
input voltages P8, to P8, VT+ _ _ V. x07 V
V. -V, 04 — — \
Input high STBY,RES, Vv, V=07 — V,+03 V
voltage NMI, MD, to
MD,, FWE
EXTAL Ve x0.7 — Ve+03 V
Port 7 2.0 — AV, +03 V
Ports 1 to 6, 2.0 — V.+03 V
P8,, P8,, P9, to
P9,, port B
Input low STBY, RES, V, -0.3 — 0.5 \Y
voltage FWE, MD, to
MD,
NMI, EXTAL, -0.3 — 0.8 \
ports 1 to 7,
P8,, P8,, P9, to
P9,, port B
Output high  All output pins  V_, Vi—-05 — — \ I, =—200 pA
voltage 35 - - Voo l,=-1mA
Output low All output pins V. — — 0.4 \ l,,=1.6 mA
voltage
Ports 1, 2, — — 1.0 \ lo. = 10 MA
and 5
Input leakage STBY, RES, 1.l — — 1.0 HA V, =05Vto
current NMI, FWE, V,.—-05V
MD, to MD,
Port 7 — — 1.0 MA V, =05Vto
AV —-05V
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Test

Item Symbol Min Typ Max Unit Conditions
Three-state  Ports 1 to 6, [l — — 1.0 HA V, =05Vto
leakage Ports 8 to B V,.—-05V
current
Input pull-up  Ports 2, 4, =, 50 — 360 HA V,=0V
MOS current and 5
Input FWE C., — — 80 pF VvV, =0V,
capacitance f=f_,
NMI — — 50 pF T,=25°C
All input pins — — 15 pF
except NMI
Current Normal I’ — 24 36 mA  f=25MHz
dissipation**  operation (5.0V)
Sleep mode — 20 33 mA f=25MHz
(5.0V)
Module — 15 25 mA  f=25MHz
standby mode (5.0 V)
Standby mode — 25 920 A T,<50°C
(5.0V)
— — 120 MA  50°C<T,
Flash memory — 34 46 mA f=25MHz
programming/ (5.0V)
erasing**
Analog power During A/D Al — 0.9 15 mA
supply current conversion
During A/D — 0.9 15 mA
and D/A
conversion
Idle — 0.05 5 MA T, ,<50°C
— — 15 MA  50°C<T,
at DASTE =0
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Test

Item Symbol Min Typ Max Unit  Conditions
Reference During A/D Al — 0.45 0.8 mA
current conversion

During A/D and — 1.8 3.0 mA

D/A conversion

Idle — 0.05 5.0 HA DASTE =0
RAM standby voltage Ve 3.0 — — \
V__output Normal operation V. 1.5 1.9 2.3 \ V. =5.0V
voltage*® T,=25°C
V. start Ve smanr 0 0.8 \Y
voltage*®
V. rise rate** YY) 0.05 — — Vims

cCc

Notes: 1. If the A/D converter is not used, do not leave the AV
Connect AV and V,

toV

cc?

cc?

and connect AV to V.

Ve @and AV pins open.

REF?

2. Current dissipation values are for V,, min =V_— 0.5V and V, max = 0.5 V with all
output pins unloaded and the on-chip MOS pull-up transistors in the off state.

3. | max. (normal operation) = 15 (mA) + 0.15 (MA/(MHz x V)) x V__ x f
=15 (mA) + 0.13 (MA/(MHz x V)) x V__ % f
I, max. (sleep mode + module standby mode)
=15 (mA) + 0.07 (MA/(MHz x V)) x V__ % f
The Typ values for power consumption are reference values.

I.. max. (sleep mode)

4. Sum of current dissipation in normal operation and current dissipation in program/erase
operations.

5. This value is applied when the external capacitor of 0.1 uF is connected. This
characteristic does not specify the permissible range of voltage input from the external

circuit but specifies the voltage output by the LSI.

6. These characteristics are applied under the condition in which the RES pin goes low
when powering on.

RENESAS
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Table 21.13 Permissible Output Currents

Conditions; V.=AV_ =50V £10%,V . .=45V10AV_,V =AV =0V,
T, =-40°C to +85°C (Wide-range specifications),

Item Symbol Min  Typ Max Unit
Permissible output Ports 1, 2, and 5 lo, — — 10 mA
low current (per pin) Other output pins - = 20 mA
Permissible output Total of 20 pins in 2l — — 80 mA
low current (total) Ports 1, 2, and 5
Total of all output pins, — — 120 mA
including the above
Permissible output All output pins [ —loy | — — 20 mA
high current (per pin)
Permissible output Total of all output pins [ =l | — — 40 mA

high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 21.13.

2. When directly driving a darlington pair or LED, always insert a current-limiting resistor
in the output line, as shown in figures 21.4 and 21.5.

H8/3069RF-ZTAT

Port

Darlington pair

Figure21.4 Darlington Pair Drive Circuit (Example)

Rev. 5.0, 09/04, page 730 of 978

RENESAS




H8/3069RF-ZTAT

600Q
N

Ports 1, 2,5

LED

Figure21.5 Sample LED Circuit
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21.2.3 AC Characteristics

Clock timing parameters are listed in table 21.14, control signal timing parametersin table 21.15,
and bustiming parametersin table 21.16. Timing parameters of the on-chip supporting modules
arelisted in table 21.17.

Table21.14 Clock Timing

Condition: T, =-40°C to +85°C (Wide-range specifications),
V. .=AV =50V +10%,V, . =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Test
Item Symbol Min Max Unit Conditions
Clock cycle time t. 40 100 ns Figure 21.13
Clock pulse low width te 10 — ns
Clock pulse high width  t_, 10 — ns
Clock rise time te, — 10 ns
Clock fall time t, — 10 ns
Clock oscillator settling  t,., 20 — ms Figure 21.10
time at reset
Clock oscillator settling  t,., 7 — ms Figure 20.1

time in software standby

Table 21.15 Control Signal Timing

Conditions; T, =-40°C to +85°C (Wide-range specifications),
V. .=AV, =50V +10%, V. =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Test
Item Symbol Min Max Unit Conditions
RES setup time (I 150 — ns Figure 21.11
RES pulse width (- 20 — e
Mode programming setup  t,. 200 — ns
time
NMI, IRQ setup time tuws 150 — ns Figure 21.12
NMI, IRQ hold time ton 10 — ns
NMI, IRQ pulse width Lo 200 — ns
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Table21.16 BusTiming

Conditions; T,=-40°C to +85°C (Wide-range specifications),
V,=AV,.=50V +10%, V.. =45V to AV

V. =AV_=0V, fmax = 25 MHz

Test
Item Symbol Min Max Unit Conditions
Address delay time [ — 25 ns Figure 21.13,
Address hold time t 05t,-20 — ns Figure 21.14,
Read strobe delay time  t_ — 25 ns Figure 21.16,
Address strobe delay o — 25 ns Figure 21.17,
time Figure 21.19
Write strobe delay time  t,, — 25 ns
Strobe delay time te — 25 ns
Write strobe pulse trsw 10t,-25 — ns
width 1
Write strobe pulse swa 15t,-25 — ns
width 2
Address setup time 1 [ 05t,-20 — ns
Address setup time 2 e 10t,-20 — ns
Read data setup time teps 25 — ns
Read data hold time teon 0 — ns
Write data delay time oo — 35 ns
Write data setup time 1t 10t,-30 — ns
Write data setup time 2 ¢, 20t,-30 — ns
Write data hold time twon 05t,-15 — ns

RENESAS

Rev. 5.0, 09/04, page 733 of 978



Test

Iltem Symbol Min Max Unit Conditions
Read data access [ — 20t,~45 ns Figure 21.13,
time 1 Figure 21.14,
Read data access toos — 3.0t, ns Figure 21.16,
time 2 Figure 21.17
Read data access e — 15t,-45 ns

time 3

Read data access e — 251, ns

time 4

Precharge time 1 oo 10t,-20 — ns

Precharge time 2 o 05t,-20 — ns

Wait setup time s 25 — ns Figure 21.15
Wait hold time tamw 5 — ns

Bus request setup time  t. . 25 — ns Figure 21.18
Bus acknowledge delay t,,., — 30 ns

time 1

Bus acknowledge delay t,,., — 30 ns

time 2

Bus-floating time oo — 30 ns

RAS precharge time tee 15t,-25 — ns Figure 21.19,
CAS precharge time te 05t,-15 — ns Figure 21.20
Low address hold time  t_,, 05t,-15 — ns

RAS delay time 1 tnon — 25 ns

RAS delay time 2 toos — 30 ns

CAS delay time 1 topsor — 25 ns

CAS delay time 2 torsos — 25 ns

WE delay time t — 25 ns

'WCD

Rev. 5.0, 09/04, page 734 of 978

RENESAS



Test

Item Symbol Min Max Unit Conditions
CAS pulse width 1 toe 15t,-20 — ns Figure 21.19
to

CAS pulse width 2 torss 10t,-20 — ns Figure 21.21
CAS pulse width 3 tes 1.0t,-20 — ns

RAS access time to,c — 25t,-40 ns

Address access time tn — 20t,-50 ns

CAS access time toe — 15t,-50 ns

WE setup time tes 05t,-20 — ns

WE hold time toen 05t,-15 — ns

Write data setup time tos 05t,-20 — ns

WE write data hold time  t,,, 05t,-15 — ns

CAS setup time 1 tecns 05t,-20 — ns

CAS setup time 2 teoro 05t,-15 — ns

CAS hold time ton 05t,-15 — ns

RAS pulse width toss 15t,-15 — ns

Note: In order to secure the address hold time relative to the rise of the RD strobe, address
update mode 2 should be used. For details see section 6.3.5, Address Output Method.
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Table 21.17 Timing of On-Chip Supporting Modules

Conditions; T, =-40°C to +85°C (Wide-range specifications),
Vo =AV,=50V +10%, V. . =45Vt0AV_,V =AV =0V, fmax = 25 MHz

Test

Module Item Symbol Min Max Unit Conditions
Ports ~ Output data oo — 50 ns Figure 21.22
and delay time
TPC Input data setup  t.. 50 — ns

time

Input data hold tor 50 — ns

time
16-bit  Timer output [ — 50 ns Figure 21.23
timer delay time

Timer input s 50 — ns

setup time

Timer clock trexs 50 — ns Figure 21.24

input setup time

Timer  Single o 15 — t.

clock edge

pulse g t 25 —

- TCKWL " cyc

width edges
8-bit Timer output troco — 50 ns Figure 21.23
timer delay time

Timer input tres 50 — ns

setup time

Timer clock s 50 — ns Figure 21.24

input setup time

Timer  Single e 1.5 — e

clock edge

ulse

P Both [ 2.5 — t,,

width edges
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Test

Module Item Symbol Min Max Unit Conditions
SCl Input  Asyn- [ 4 — t. Figure 21.25
clock  chronous
cycle Syn- 6 _ N
chronous
Input clock rise tecr — 15 e
time
Input clock fall Yoo — 15 t,.
time
Input clock tecw 0.4 0.6 [
pulse width
Transmit data tho — 100 ns Figure 21.26
delay time
Receive data [ 100 — ns
setup time
(synchronous)
Receive  Clock t., 100 — ns
data hold input
time (syn- o0k 0 — ns
chronous) output
DMAC TEND delaytime 1t — 50 ns Figure 21.27,
TEND delay time 2 t,__, — 50 ns Figure 21.28
DREQ setup time  t_. 25 — ns Figure 21.29
DREQ hold time  t 10 — ns

DRQH

C=90pF: Ports 4,6, 8

A19 to Ao, D15 to Dg
C=30pF: Ports9, A, B
R . =24kQ
Ry=12kQ

H8/3069RF-ZTAT
output pin

Input/output timing measurement
levels

eLow: 0.8V

« High: 2.0V

Figure21.6 Output Load Circuit
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21.2.4 A/D Conversion Characteristics
Table 21.18 lists the A/D conversion characteristics.

Table21.18 A/D Conversion Characteristics

Conditions; T,=-40°C to +85°C (Wide-range specifications),
V. .=AV,.=50V +10%,V, . =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Item Min Typ Max Unit
Conver- Resolution 10 10 10 bits
siontime:  conversion time (single — — 134 ty.
134 states mode)
Analog input capacitance — — 20 pF
Permissible @<13MHz — — 10 kQ
signal-source
impedance  ¢>13MHz — — 5 kQ
Nonlinearity error — — +3.5 LSB
Offset error — — +3.5 LSB
Full-scale error — — +3.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +4.0 LSB
Iltem Min Typ Max Unit
Conver- Resolution 10 10 10 bits
siontime:  conversion time (single — — 70 t.
70 states mode)
Analog input capacitance — — 20 pF
Permissible @<13MHz — — 5 kQ
signal-source
impedance  ¢>13MHz — — 3 kQ
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — 7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB

Rev. 5.0, 09/04, page 738 of 978
RENESAS



21.2.5 D/A Conversion Characteristics
Table 21.19 lists the D/A conversion characteristics.

Table 21.19 D/A Conversion Characteristics

Conditions; T,=-40°C to +85°C (Wide-range specifications),
V. .=AV,.=50V +10%,V, . =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Item Min Typ Max Unit Test Conditions

Resolution 8 8 8 bits

Conversion time — — 10 Us 20 pF capacitive

(centering time) load

Absolute accuracy — +1.5 +2.0 LSB 2 MQ resistive
load

— — +1.5 LSB 4 MQ resistive

load
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21.2.6 Flash Memory Characteristics
Table 21.20 shows the flash memory characteristics.

Table 21.20 Flash Memory Char acteristics

Conditions; V_.=AV_ =45V t0o55V,V=AV_=0V,
T, =0°C to +85°C (operating temperature range for programming/erasing :
Wide-range specifications)

Item Symbol Min Typ Max  Unit Notes
Programming time***?** t, — 3 30 ms/
128 bytes
Erase time*'**** t. — 80 800  ms/4k
blocks
— 500 5000 ms/32k
blocks
— 1000 10000 ms/64k
blocks
Programming time (total)***?** 5t, — 10 30 s/512k  T,=25°C,
bytes all "0"
Erase time (total)*'**** St — 10 30 s/512k T, =25°C
bytes
Programming and erase time (total)***?** St — 20 60 s/512k T, =25°C
bytes
Reprogramming count Nyec 100%* — — times
Data retention time** tore 10 — — year

Notes: 1. Programming and erase time depend on the data size.
2. Programming and erase time excluded the data transfer time.
3. Itis the number of times of min. which guarantees all the characteristics after
reprogramming. (A guarantee is the range of a 1-min. value.)
4. Itis the characteristic when reprogramming is performed by specification within the
limits including a min. value.
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21.3  Electrical Characteristics of HD64F3069RFBL 25 and
HD64F3069RTEBL 25

21.3.1 Absolute Maximum Ratings

Table 21.21 lists the absolute maximum ratings.

Table 21.21 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage V! -0.3t0+7.0 \%
Input voltage (FWE)** A -0.3to V. +0.3 Y
Input voltage (except for port 7)** V,_ -0.3to0V_+0.3 \%
Input voltage (port 7) V., -0.3to AV +0.3 \%
Reference voltage Vieer -0.3to AV, +0.3 \
Analog power supply voltage AV . -0.3t0+7.0 \%
Analog input voltage Vi -0.3t0o AV . +0.3 \
Operating temperature L. Standard characteristics specifications:  °C
—20 to +75*°
Storage temperature T -551t0 +125 °C

stg

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Notes: 1. Do not apply the power supply voltage to the V_ pin. Connect an external capacitor
between this pin and GND.
2. 12 V must not be applied to any pin, as this may cause permanent damage to the
device.
3. The operating temperature range for flash memory programming/erasing is T, = 0 to
+75°C (Standard characteristics specifications).
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21.3.2

DC Characteristics

Table 21.22 lists the DC characteristics. Table 21.22 lists the permissible output currents.

Table21.22 DC Characteristics

Conditions: V.= AV, =50V +10%, V., =45V t0 AV_*!, V_=AV_ =0 V*"

T, =—20°C to +75°C (Standard specifications),
[Programming/erasing conditions: T, = 0°C to +75°C (Standard characteristics

specifications)]

Test
ltem Symbol Min Typ Max Unit Conditions
Schmitt trigger Port A, A 1.0 — — \%
input voltages P8, to P8, VT+ _ _ V. x07 V
V.-V, 04 — — \
Input high STBY,RES, Vv, V=07 — V,+03 V
voltage NMI, MD, to
MD,, FWE
EXTAL Ve x0.7 — Ve +03 V
Port 7 2.0 — AV, +03 V
Ports 1 to 6, 2.0 — V.+03 V
P8,, P8,, P9, to
P9,, port B
Input low STBY, RES, V, -0.3 — 0.5 \Y
voltage FWE, MD, to
MD,
NMI, EXTAL, -0.3 — 0.8 \
ports 1 to 7,
P8,, P8,, P9, to
P9,, port B
Output high  All output pins  V_, Vi—-05 — — \ I, =—200 pA
voltage 35 - - Voo l,=-1mA
Output low All output pins V. — — 0.4 \ l,,=1.6 mA
voltage
Ports 1, 2, — — 1.0 \ lo. = 10 MA
and 5
Input leakage STBY, RES, 1.l — — 1.0 HA V, =05Vto
current NMI, FWE, V,.—-05V
MD, to MD,
Port 7 — — 1.0 MA V, =05Vto
AV —-05V
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Test

Item Symbol Min Typ Max Unit Conditions
Three-state ~ Ports 1 to 6, [l — — 1.0 HA V, =05Vto
leakage Ports 8 to B V,.—-05V
current
Input pull-up  Ports 2, 4, =, 50 — 360 HA V,=0V
MOS current and 5
Input FWE C., — — 80 pF VvV, =0V,
capacitance f=f_,
NMI — — 50 pF T,=25°C
All input pins — — 15 pF
except NMI
Current Normal I’ — 24 36 mA  f=25MHz
dissipation**  operation (5.0V)
Sleep mode — 20 33 mA f=25MHz
(5.0V)
Module — 15 25 mA  f=25MHz
standby mode (5.0 V)
Flash memory — 34 46 mA  f=25MHz
programming/ (5.0 V)
erasing*’
Analog power During A/D Al — 0.9 15 mA
supply current conversion
During A/D — 0.9 1.5 mA
and D/A
conversion
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Test

Item Symbol Min Typ Max Unit  Conditions
Reference During A/D Al — 0.45 0.8 mA
current conversion
During A/D and — 1.8 3.0 mA
D/A conversion
RAM standby voltage Ve 3.0 — — \
V¢ output Normal operation V., 15 1.9 2.3 \% Ve = 5.0V
voltage*® T,=25°C
Notes: 1. If the A/D converter is not used, do not leave the AV, V..., and AV pins open.
Connect AV and V. to V_,, and connect AV to V..
2. Current dissipation values are for V,, min =V_— 0.5V and V, max = 0.5 V with all
output pins unloaded and the on-chip MOS pull-up transistors in the off state.
3. | max. (normal operation) = 15 (mA) + 0.15 (MA/(MHz x V)) x V__ x f
I.. max. (sleep mode) =15 (mA) + 0.13 (MA/(MHz x V)) x V__ x f
I.. max. (sleep mode + module standby mode)
=15 (mA) + 0.07 (MA/(MHz x V)) x V_ x f
The Typ values for power consumption are reference values.
4. Sum of current dissipation in normal operation and current dissipation in program/erase
operations.
5. This value is applied when the external capacitor of 0.1 pF is connected.

This characteristic does not specify the permissible range of voltage input from the
external circuit but specifies the voltage output by the LSI.
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Table 21.23 Permissible Output Currents

Conditions; V.=AV_ =50V £10%,V .. =45V10AV_,V =AV =0V,
T, =—-20°C to +75°C (Standard characteristics specifications)

Item Symbol Min  Typ Max Unit
Permissible output Ports 1, 2, and 5 lo — — 10 mA
low current (per pin) Other output pins - = 20 mA
Permissible output Total of 20 pins in 2l — — 80 mA
low current (total) Ports 1, 2, and 5

Total of all output pins, — — 120 mA

including the above

Permissible output All output pins [ —loy | — — 20 mA
high current (per pin)

Permissible output Total of all output pins [ =l | — — 40 mA
high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 21.23.

2. When directly driving a darlington pair or LED, always insert a current-limiting resistor
in the output line, as shown in figures 21.7 and 21.8.

H8/3069RF-ZTAT

Port

Darlington pair

Figure21.7 Darlington Pair Drive Circuit (Example)
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H8/3069RF-ZTAT

600Q
N

Ports 1, 2,5

LED

Figure21.8 Sample LED Circuit
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21.3.3 AC Characteristics

Clock timing parameters are listed in table 21.24, control signal timing parametersin table 21.25,
and bustiming parametersin table 21.26. Timing parameters of the on-chip supporting modules

are listed in table 21.27.

Table 21.24 Clock Timing

Condition: T, =-20°C to +75°C (Standard characteristics specifications),

V,.=AV_ =50V +10%, V. =45V t0 AV, V.= AV_= 0V, fmax = 25 MHz

Test
Item Symbol Min Max Unit Conditions
Clock cycle time e 40 62.5 ns Figure 21.13
Clock pulse low width te 10 — ns
Clock pulse high width  t_, 10 — ns
Clock rise time te, — 10 ns
Clock fall time t, — 10 ns
Clock oscillator settling  t,., 20 — ms Figure 21.10
time at reset
Clock oscillator settling  t,., 7 — ms Figure 20.1

time in software standby

Table 21.25 Control Signal Timing

Conditions; T,=-20°C to +75°C (Standard characteristics specifications),

V,.=AV_ =50V +10%, V. =45V t0 AV, V.= AV_= 0V, fmax = 25 MHz

Test
Item Symbol Min Max Unit Conditions
RES setup time (I 150 — ns Figure 21.11
RES pulse width (- 20 — e
Mode programming setup  t,. 200 — ns
time
NMI, IRQ setup time tuws 150 — ns Figure 21.12
NMI, IRQ hold time ton 10 — ns
NMI, IRQ pulse width Lo 200 — ns

RENESAS
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Table 21.26 BusTiming

Conditions; T,=-20°C to +75°C (Standard characteristics specifications),
V, =AV,=50V +10%, V.. =45V to AV

V. =AV_=0V, fmax = 25 MHz

Test
Item Symbol Min Max Unit Conditions
Address delay time [ — 25 ns Figure 21.13,
Address hold time t 05t,-20 — ns Figure 21.14,
Read strobe delay time  t_ — 25 ns Figure 21.16,
Address strobe delay o — 25 ns Figure 21.17,
time Figure 21.19
Write strobe delay time — 25 ns
Strobe delay time te — 25 ns
Write strobe pulse trsw 10t,-25 — ns
width 1
Write strobe pulse swa 15t,-25 — ns
width 2
Address setup time 1 [ 05t,-20 — ns
Address setup time 2 e 10t,-20 — ns
Read data setup time teps 25 — ns
Read data hold time teon 0 — ns
Write data delay time oo — 35 ns
Write data setup time 1t 10t,-30 — ns
Write data setup time 2 t,,, 20t,-30 — ns
Write data hold time twon 05t,-15 — ns
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Test

Iltem Symbol Min Max Unit Conditions
Read data access [ — 20t,-45 ns Figure 21.13,
time 1 Figure 21.14,
Read data access teos — 3.0t,—-45 ns Figure 21.16,
time 2 Figure 21.17
Read data access e — 15t,-45 ns

time 3

Read data access e — 25t,-45 ns

time 4

Precharge time 1 oo 10t,-20 — ns

Precharge time 2 o 05t,-20 — ns

Wait setup time s 25 — ns Figure 21.15
Wait hold time tamw 5 — ns

Bus request setup time  t. . 25 — ns Figure 21.18
Bus acknowledge delay t,,., — 30 ns

time 1

Bus acknowledge delay t,,., — 30 ns

time 2

Bus-floating time oo — 30 ns

RAS precharge time tee 15t,-25 — ns Figure 21.19,
CAS precharge time te 05t,-15 — ns Figure 21.20
Low address hold time  t_,, 05t,-15 — ns

RAS delay time 1 tpor — 25 ns

RAS delay time 2 too — 30 ns

CAS delay time 1 topsor — 25 ns

CAS delay time 2 torsos — 25 ns

WE delay time t — 25 ns

'WCD

RENESAS
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Test

Item Symbol Min Max Unit Conditions
CAS pulse width 1 toe 15t,-20 — ns Figure 21.19
to

CAS pulse width 2 torss 10t,-20 — ns Figure 21.21
CAS pulse width 3 tes 1.0t,-20 — ns

RAS access time to,c — 25t,-40 ns

Address access time tn — 20t,-50 ns

CAS access time toe — 15t,-50 ns

WE setup time tes 05t,-20 — ns

WE hold time toen 05t,-15 — ns

Write data setup time tos 05t,-20 — ns

WE write data hold time  t,,,, 05t,-15 — ns

CAS setup time 1 tecns 05t,-20 — ns

CAS setup time 2 teoro 05t,-15 — ns

CAS hold time ton 05t,-15 — ns

RAS pulse width toss 15t,-15 — ns

Note: In order to secure the address hold time relative to the rise of the RD strobe, address
update mode 2 should be used. For details see section 6.3.5, Address Output Method.
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Table 21.27 Timing of On-Chip Supporting Modules

Conditions: T,=-20°C to +75°C (Standard characteristics specifications),
Vo =AV,.=50V +10%, V. . =45Vt0AV_,V =AV =0V, fmax = 25 MHz

Test

Module Item Symbol Min Max Unit Conditions
Ports ~ Output data oo — 50 ns Figure 21.22
and delay time
TPC Input data setup  t.. 50 — ns

time

Input data hold tor 50 — ns

time
16-bit  Timer output [ — 50 ns Figure 21.23
timer delay time

Timer input s 50 — ns

setup time

Timer clock trexs 50 — ns Figure 21.24

input setup time

Timer  Single o 15 — t.

clock edge

pulse g t 25 —

- TCKWL " cyc

width edges
8-bit Timer output troco — 50 ns Figure 21.23
timer delay time

Timer input tres 50 — ns

setup time

Timer clock s 50 — ns Figure 21.24

input setup time

Timer  Single e 1.5 — e

clock edge

ulse

P Both (- 2.5 — t,

width edges
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Test

Module Item Symbol Min Max Unit Conditions
SCl Input  Asyn- [ 4 — t. Figure 21.25
clock  chronous
cycle Syn- 6 _ N
chronous
Input clock rise tecr — 15 e
time
Input clock fall Yoo — 15 t,.
time
Input clock tecw 0.4 0.6 [
pulse width
Transmit data tho — 100 ns Figure 21.26
delay time
Receive data [ 100 — ns
setup time
(synchronous)
Receive  Clock t., 100 — ns
data hold input
time (syn- o0k 0 — ns
chronous) output
DMAC TEND delaytime 1t — 50 ns Figure 21.27,
TEND delay time 2 t,_, — 50 ns Figure 21.28
DREQ setup time  t_. 25 — ns Figure 21.29
DREQ hold time  t 10 — ns

DRQH

C=90pF: Ports 4,6, 8

A19 to Ao, D15 to Dg
C=30pF: Ports9, A, B
R . =24kQ
Ry=12kQ

H8/3069RF-ZTAT
output pin

Input/output timing measurement
levels

eLow: 0.8V

« High: 2.0V

Figure21.9 Output Load Circuit
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21.3.4 A/D Conversion Characteristics
Table 21.28 lists the A/D conversion characteristics.

Table21.28 A/D Conversion Characteristics

Conditions; T,=-20°C to +75°C (Standard characteristics specifications),
V. .=AV,.=50V +10%,V, . =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Item Min Typ Max Unit
Conver- Resolution 10 10 10 bits
siontime:  conversion time (single — — 134 ty.
134 states mode)
Analog input capacitance — — 20 pF
Permissible @<13MHz — — 10 kQ
signal-source
impedance  ¢>13MHz — — 5 kQ
Nonlinearity error — — +3.5 LSB
Offset error — — +3.5 LSB
Full-scale error — — +3.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +4.0 LSB
Iltem Min Typ Max Unit
Conver- Resolution 10 10 10 bits
siontime:  conversion time (single — — 70 t.
70 states mode)
Analog input capacitance — — 20 pF
Permissible @<13MHz — — 5 kQ
signal-source
impedance  ¢>13MHz — — 3 kQ
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — 7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
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21.3.5 D/A Conversion Characteristics
Table 21.29 lists the D/A conversion characteristics.

Table 21.29 D/A Conversion Characteristics

Conditions; T,=-20°C to +75°C (Standard characteristics specifications),
V. .=AV,.=50V +10%,V, . =45V 1t0AV_,V =AV =0V, fmax =25 MHz

Item Min Typ Max Unit Test Conditions

Resolution 8 8 8 bits

Conversion time — — 10 Us 20 pF capacitive

(centering time) load

Absolute accuracy — +1.5 +2.0 LSB 2 MQ resistive
load

— — +1.5 LSB 4 MQ resistive

load
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21.3.6 Flash Memory Characteristics
Table 21.30 lists the flash memory characteristics.

Table 21.30 Flash Memory Characteristics

Conditions; V .=AV_ =45V t055V,V=AV_=0V,
T,=0°Cto +75°C (operating temperature range for programming/erasing :
Standard characteristics specifications)

Item Symbol Min Typ Max  Unit Notes
Programming time***?** t, — 3 30 ms/
128 bytes
Erase time*'*?** t. — 80 800  ms/4k
blocks
— 500 5000 ms/32k
blocks
— 1000 10000 ms/64k
blocks
Programming time (total)***?** 5t, — 10 30 s/512k  T,=25°C,
bytes all "0"
Erase time (total)*'**** St — 10 30 s/512k T, =25°C
bytes
Programming and erase time (total)***?** St — 20 60 s/512k T, =25°C
bytes
Reprogramming count Nyec 100%* — — times
Data retention time** tore 10 — — year

Notes: 1. Programming and erase time depend on the data size.
2. Programming and erase time excluded the data transfer time.
3. Itis the number of times of min. which guarantees all the characteristics after
reprogramming. (A guarantee is the range of a 1-min. value.)
4. lItis the characteristic when reprogramming is performed by specification within the
limits including a min. value.
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21.4  Operational Timing

This section shows timing diagrams.

21.41 Clock Timing
Clock timing is shown as follows:

e Oscillator settling timing

Figure 21.10 shows the oscillator settling timing.

/N RV AVAVAVAVAVAVAWAY R /N /AVAVAY

(
)T

Vee _7 i i i
STBY _| ) i \ [

- tosc1 _ tosc
RiES 4 7 ” \ 55 55

Figure21.10
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21.4.2 Control Signal Timing
Control signal timing is shown as follows:

* Resetinput timing
Figure 21.11 shows the reset input timing.
* Interrupt input timing
Figure 21.12 shows the interrupt input timing for NMI and IRQ, to IRQ,.

0 N
trRESS tRESS
(- [~
Pe— ()()
RES
tvps tRESW

FWE
M D2 to MDO

Figure21.11 Reset Input Timing

® M\
tmis | | tNmiH
e B
NMI
tnmis | | tmiH
I
IRQe
tmis
IRQ,

IRQE: Edge-sensitive IRQ;
IRQ : Level-sensitive IRQ; (i=0to5)

tNmiw
NMI : : :

Figure21.12 Interrupt Input Timing
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2143 BusTiming

Bustiming is shown asfollows:

Basic bus cycle: two-state access

Figure 21.13 shows the timing of the external two-state access cycle.
Basic bus cycle: three-state access

Figure 21.14 shows the timing of the external three-state access cycle.
Basic bus cycle: three-state access with one wait state

Figure 21.15 shows the timing of the external three-state access cycle with one wait state
inserted.

Burst ROM access timing/burst cycle: two-state access

Figure 21.16 shows the timing of the two-state burst cycle.

Burst ROM accesstiming/burst cycle: three-state access

Figure 21.17 shows the timing of the three-state burst cycle.

Burst release mode timing

Figure 21.18 shows the timing in bus release mode.
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- Ty -l T2 -
- teyc -
teH D
/ V] \ /] 1
¢ t t
t = ot T cr
AD ) oyc -
% to Ao,
CS,
tpcH1
tasp taccs tsp tan
As tas1 N ™,
- | o S
tasp| taccs _ frsp  tecHe
RD
(read) <ﬂ+\
tacci trDS trpH”
|~ Lo ] - (-
D45 to Dg
(read)
tpcH1
{asD tsp |~ tad ‘

HWR, LWR tas1 /| T
(write) - > A
e

twswi
tWD!l twps1 twoH
D15 to Do
(write)

Note: * Specification from the earliest negation timing of A,3 to Ay, CS,,, and RD.

Figure21.13 Basic BusCycle: two State Access
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% to Ao,
CS,

RD
(read)

D15 to Dg
(read)

J
:
C
.
¢

A

tacca

tacca

\ S
a—

taccz trDS

_|twsp, twsw2

HWR, LWR
(write)

D15 to DO
(write)

- | thS2 - :‘RL 7/

| twop | _ twps2

Figure21.14 Basic BusCycle: three State Access
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RD (read)

Dy to Dy

(read) >_

HWR, LWR
(write)

D;5to Dy
(write) /

»‘ |

tyrs| twrh twrs

fyyry

w N X

Figure21.15 Basic BusCycle: three State Accesswith One Wait State
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Ta T2 | T3 T1 T2

tap taD

Ag3t0 Ag / >><
csn ><( ]
s s h
Ay to Ay >< ><
N e 7
tasD tacca tsp| tan tasp tsp|  tan
AS )
fAs1 tas1
|
tasD tacca ’[‘RSD
){
RD
tas1 . ‘ N
trRDH
tacci ~
taccz tRDs trps
Pisto Do <i:}—<

Note: * Specification from the earliest negation timing of A, to Ay, CSn, and RD.

Figure21.16 Burst ROM Access Timing: two State Access
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Ty T2 Ts T T2 . Ts
)\ s r r F
® _/ K_/Z_\_/ \r 7/ \r / \ / Sr 1/
tap, tAD

Agzto Ag > z‘ )Z :
CSn X 7

s s \
Ayto Ay X x }(

N 7N 7

tasp tacca tsp| taH tAsD tsp|  ta
—_ \ . p!
AS tas1 / tas1 \J }
fasp tacca IF“SD
PR D! *
RD tast {ROH
tacce
tacc2 trRos tros
4 !
Dy to Do / >_
\ \ ]

Note: * Specification from the earliest negation timing of A, to Ay, CSn, and RD.

Figure21.17 Burst ROM Access Timing: three State Access
p—
¢ g_/ N\ ;/
— taros — teros
BREQ ) (
)7 )
teacD2
()() tBACDl [ |
BACK
(J(J
Ayzto Ay, i tazp tgzp —™
AS, RD, )
HWR, LWR K

Figure21.18 Bus-Release Mode Timing
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2144 DRAM Interface Bus Timing
DRAM interface bustiming is shown as follows:

» DRAM bustiming: read and write access

Figure 21.19 shows the timing of the read and write access.
* DRAM bustiming: CAS before RAS refresh

Figure 21.20 shows the timing of the CAS before RAS refresh.
* DRAM bustiming: self-refresh

Figure 21.21 shows the timing of the self-refresh.

Rev. 5.0, 09/04, page 764 of 978
RENESAS



Tp T Te1 Te2
0 N/ \ ./ \ SN
tAD tap taD
|- |- |~
Az to Ay X >< X ><
tas1 tRAH ‘
trp RAD2
CS5to CS, 7 :\
(RASs to RAS,) X
-
trAD1L

tasp tcasp2

- ¢ -
UCAS, LCAS / CAS1 - /z ’(\
(read) ) Tcp [,
RD (WE) i
(read) High

trac
tros tROH*
[~
D5 to Do taa p
(read) \ >—
tcac
tcasol tcasp2
UCAS, LCAS / K tcas2 |  —
(write) \ i [
tcp
tasp twep
RD (WE) 7 s
(write) \< %
twes twer |

twop  fwps twoH
D;5 to Dy J
(write) N >7
RFSH High

Note: * Specification from the earliest negation timing of RAS and CAS.

Figure21.19 DRAM BusTiming (Read/Write)
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TR,

0 N/ N N
traD1 tRAD2
[
trp
_ _ t
CSsto CS, RAS
(RASs to N
RAS,) tcaspL tcasp2
|- |
tesp1 teHr
UCAS, tcass
LCAS 5
RD (WE)
high
(hiah traAD1 traD2
tcsri | lonRr
RFSH tras

Figure21.20 DRAM BusTiming (CAS Before RAS Refresh)
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—~
~N—

tesr2

gs to &2
(RASs to
RAS,)

—~_
N

UCAS, N
LCAS

—~_
N

—~_
——

RD (WE)
(high)

tesre
- |

RFSH ))
44

Figure21.21 DRAM Bus Timing (Self-Refresh)

2145 TPCand /O Port Timing

Figure 21.22 shows the TPC and I/O port input/output timing.

T1 T2 T3

f-———————— -

. NI N
tprs tpRH

- -
Port 1 to
B (read)

tpwp

Port 1 to
6,8toB

(write)

Figure21.22 TPC and I/O Port Input/Output Timing
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21.4.6 Timer Input/Output Timing
16-hit timer and 8-bit timer timing is shown below.

» Timer input/output timing
Figure 21.23 shows the timer input/output timing.
» Timer external clock input timing
Figure 21.24 shows the timer external clock input timing.

trocp
R E—
Output >%
compare*1
trics
Input
capture*?

Notes: 1. TIOCAO to TIOCA2, TIOCBO to TIOCB2, TMOO, TMO2, TMIO1, TMIO3
2. TIOCAO to TIOCA2, TIOCBO to TIOCB2, TMIO1, TMIO3

Figure21.23 Timer Input/Output Timing

trcks
o N S—\J
treks
TCLKA to S
TCLKD S ~_
trekwe trekwH

Figure21.24 Timer External Clock Input Timing
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21.4.7  SCI Input/Output Timing
SCI timing is shown as follows:

* SCI input clock timing
Figure 21.25 shows the SCI input clock timing.
* SCI input/output timing (synchronous mode)
Figure 21.26 shows the SCI input/output timing in synchronous mode.

t.
W PLEY tscks

SCK, to SCK,

Figure21.25 SCI Input Clock Timing

tScyc

e I EE—
Ko _/ xﬂ;/ m
SCK;

trxp
TxDg to TXD, >< ><
(transmit
data

) trxs| |trRxH

RxDg to RxD, i i

gr:t(:;ive >< ><<<<< §>>>><

X

Figure21.26 SCI Input/Output Timingin Synchronous Mode
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21.48 DMAC Timing
DMAC timing is shown as follows.

« DMAC TEND output timing for 2 state access

Figure 21.27 shows the DMAC TEND output timing for two state access.
« DMAC TEND output timing for 3 state access

Figure 21.28 shows the DMAC TEND output timing for three state access.
« DMAC DREQ input timing

Figure 21.29 shows DMAC DREQ input timing.

trep1 trep2

4—»]5

Figure21.28 DMAC TEND Output Timing for three State Access

()
tbros | | IbrRoH
[l -

DREQ

Figure21.29 DMAC DREQ Input Timing
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215 Usage Notes

Insert a capacitor (C1) between theV_ and V4 pinsto stabilize the internal step-down voltage and
avoltage stabilizing capacitor (CB) between the V. and V  pins. Figure 21.30 shows awiring
example.

H8/3069R
v .
CL L opst
Vss 1

Vee % J— JT_

Vss o

Notes: 1. For C1, which is used to stabilize the internal step-down voltage, use a 0.1 pF laminated
ceramic capacitor and place it close to the pins.
2. For CB, the voltage stabilizing capacitor, use a laminated ceramic capacitor rated at
0.1 uF to 0.47 pF (or five 0.1 puF capacitors connected in parallel) and place it close to
the pins.

Figure21.30 Method of Connecting CapacitorstoV_ and V. Pins
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Al

Appendix A Instruction Set

Instruction List

Operand Notation

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERnN General register (32-bit register)

(EAd) Destination operand

(EAS) Source operand

PC Program counter

SP Stack pointer

CCR Condition code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

N Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

d Logical AND of the operands on both sides

a Logical OR of the operands on both sides

d Exclusive logical OR of the operands on both sides

- NOT (logical complement)

(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers
(RO to R7 and EO to E7).

Rev. 5.0, 09/04, page 773 of 978
RENESAS



Condition Code Notation

Symbol Description
{ Changed according to execution result
* Undetermined (no guaranteed value)
0 Cleared to 0

Setto 1

— Not affected by execution of the instruction

A Varies depending on conditions, described in notes
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TableA.1 Instruction Set

1. Datatransfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States*]|
<
8 14
2] ~&
o S0 |~ 3
g EE & |w T 2
© c|Hix - | & Condition Code c| 8
2 W |«
8. § c |y ST s |2 ® 5 %
Mnemonic O|#|x|®|® |8 |®|® ||| operation I|HIN|Z|V|C|Z|<
MOV.B #xx:8, Rd B|2 #xx:8 - Rd8 —|—| |t ]o|—| 2
MOV.B Rs, Rd B 2 Rs8 — Rd8 —|—|4[}lo|—] 2
MOV.B @ERs,Rd | B 2 @ERs - Rd8 — =4[} |o|—| 4
MOV.B @(d:16, ERs), | B 4 @(d:16,ERs) ~ Rd8 | —|—| 4 [} |0 |—| 6
Rd
MOV.B @(d:24, ERs), | B 8 @(d:24,ERs) - Rd8  |—|—| } |} |o|—| 10
Rd
MOV.B @ERs+,Rd | B 2 @ERs - Rd8 —|—{lt|o|—| s
ERs32+1 - ERs32
MOV.B @aa:8,Rd | B 2 @aa:8 ~ Rd8 —|—| 4]} |o|—] 4
MOV.B @aa:16,Rd | B 4 @aa:16 - Rd8 —|—|4[}lo|—] &
MOV.B @aa:24,Rd | B 6 @aa:24 - Rd8 — =4t |o|—| 8
MOV.BRs, @ERd | B 2 Rs8 - @ERd —|—|4[}lo|—] 4
MOV.B Rs, @(d:16, | B 4 Rs8 - @(d:16,ERd) |—|—| 4|} |0|—| &
ERd)
MOV.B Rs, @(d:24, | B 8 Rs8 - @(d:24,ERd) |—|—| 4|} |0|—| 10
ERd)
MOV.BRs, @-ERd | B 2 ERd32-1 ~ ERd32 —|—| 4|} |o|—] &
Rs8 - @ERd
MOV.B Rs, @aa:8 B 2 Rs8 - @aa:8 —|—|$|}]o|—| 4
MOV.B Rs, @aa:16 | B 4 Rs8 - @aa:16 —|—| 4|3 |o]—| 8
MOV.B Rs, @aa:24 | B 6 Rs8 - @aa:24 —|—=|4[}|o|—] 8
MOV.W #xx:16, Rd | W | 4 #xx:16 - Rd16 —|—|t[}|o|—] 4
MOV.W Rs, Rd w 2 Rs16 — Rd16 —|—=|4[}lo|—] 2
MOV.W @ERs, Rd | W 2 @ERs - Rd16 —|—|4[}lo|—] 4
MOV.W @(d:16, ERs), | W 4 @(d:16,ERs) ~ Rd16 |—|—| 4|} |0|—| 6
Rd
MOV.W @(d:24, ERs), | W 8 @(d:24,ERs) -~ Rd16 |—|—| 4 |t [0 [—| 10
Rd
MOV.W @ERs+, Rd | W 2 @ERs - Rd16 —|—1t|3lo]—| &
ERs32+2 - @ERd32
MOV.W @aa:16, Rd | W 4 @aa:16 - Rd16 — =4t |o|—| s
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Addressing Mode and No. of
Instruction Length (bytes) States*]|
t
Q o
(7% -~
e S0 |~ 3
g &g & |w T 2
© cHix - | & Condition Code c| 8
o w| s
Slxlc|WwS | (2O 5|3
Mnemonic O|¥|2|®I8|I®|®|0®|® Operation HIN|Z|V|C|Z|<
MOV.W @aa:24, Rd |W 6 @aa:24 - Rd16 —[4|{t|o|—| =8
MOV.W Rs, @ERd | W 2 Rs16 - @ERd —[ 4t |o|l—] 4
MOV.W Rs, @(d:16, | W 4 Rs16 - @(d:16, ERd) —[4{t|o|—| 6
ERd)
MOV.W Rs, @(d:24, |W 8 Rs16 — @(d:24, ERd) —|t|t]o|—| 10
ERd)
MOV.W Rs, @—-ERd | W 2 ERd32-2 — ERd32 —| 4/t lo|—] &
Rs16 — @ERd
MOV.W Rs, @aa:16 | W 4 Rsl6 - @aa:16 —| 4/t lo|—] &
MOV.W Rs, @aa:24 |W 6 Rsl16 - @aa:24 —| 4y |o|—| 8
MOV.L #xx:32,Rd | L | 6 #xx:32 — Rd32 —| 4l lo|—| s
MOV.L ERs, ERd L 2 ERs32 - ERd32 — 4t lo|— 2
MOV.L @ERs, ERd | L 4 @ERs - ERd32 —[4{t|o|—] =8
MOV.L @(d:16, ERs), | L 6 @(d:16, ERs) -~ ERd32 —[4|t|o|—| 10
ERd
MOV.L @(d:24, ERs), | L 10 @(d:24, ERs) - ERd32 —[ 4t o= 14
ERd
MOV.L @ERs+, ERd | L 4 @ERs — ERd32 — 4o |—| 10
ERs32+4 _ ERs32
MOV.L @aa:16, ERd | L 6 @aa:16 - ERd32 —| 4t lo|—| 10
MOV.L @aa:24, ERd | L 8 @aa:24 - ERd32 — 4t |o|—| 12
MOV.L ERs, @ERd | L 4 ERs32 - @ERd —[4|{t|o|—| =8
MOV.L ERs, @(d:16, | L 6 ERs32 - @(d:16, ERd) —|4l4lo|—| 10
ERd)
MOV.L ERs, @(d:24, | L 10 ERs32 - @(d:24, ERd) —| 4t lo|—| 14
ERd)
MOV.L ERs, @-ERd | L 4 ERd32-4 - ERd32 —|4|s]0o|—| 10
ERs32 - @ERd
MOV.L ERs, @aa:16 | L 6 ERs32 - @aa:16 —[4|t|o|—| 10
MOV.L ERs, @aa:24 | L 8 ERs32 - @aa:24 —[4Y|o|—| 12
POPW Rn w @SP - Rn16 —[4|{t|o|—| 6
SP+2 . SP
POPL ERn L @SP - ERn32 —[4|t]|o|—| 10
SP+4 . SP
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Addressing Mode and No. of
Instruction Length (bytes) States*!
P
g o
@ ~|4 -
bt c|® ~ @
] 5z g | T | 2
o El-lGlalols Condition Code | £|
3 Xle|WiS1|s(2 ® S|z
Mnemonic O|%#|x|®|®|® |0 |® |6 Operation I|/H|N|Z|V|C|Z|<
PUSH.W Rn w SP-2 - SP —|—]4|t]o|—| 6
Rn16 - @SP
PUSH.L ERn L SP—4 - SP —[—=|3lf]o]—] 10
ERN32 - @SP
MOVFPE @aa:16, B 4 Cannot be used in the | Cannot be used in the
Rd H8/3069R H8/3069R
MOVTPE Rs, B 4 Cannot be used in the Cannot be used in the
@aa:16 H8/3069R H8/3069R
2. Arithmetic instructions
Addressing Mode and No. of
Instruction Length (bytes) States*!
2
& x
[0 ~|U =
© c|® o @
e il g | T | 2
© o8 gl Condition Code | £| &
Slzlc|w|21|s|2|® 5| 3
Mnemonic O|#|x|® Q8”6 Operation I|H|N|Zz|V|C|2Z|<
ADD.B #xx:8, Rd B|2 Rd8+#xx:8 — Rd8 —I by 2
ADD.B Rs, Rd B 2 Rd8+Rs8 - Rd8 — P 2
ADD.W #xx:16,Rd  |W | 4 RA16+#xx:16 - Rd16 |— || {413 | 4
ADD.W Rs, Rd w 2 RA16+Rs16 ~ Rd16 |—|@|$ |+ |41 ] 2
ADD.L #xx:32, ERd | L | 6 ERd32+#xx:32 — —@ b1 6
ERd32
ADD.L ERs, ERd L 2 ERA32+ERs32 — —@ b 2
ERd32
ADDX.B #xx:8,Rd | B |2 Rd8+#xx:8+C ~ Rd8 |— |4 [} (@] 2
ADDX.B Rs, Rd B 2 Rd8+Rs8+C -~ Rd8 |—|$ [} (@} 8] 2
ADDS.L #1, ERd L 2 ERd32+1 - ERd32 —|—|=|=]=|—] 2
ADDS.L #2, ERd L 2 ERd32+2 - ERd32 —|—|=|=]=|—] 2
ADDS.L #4, ERd L 2 ERd32+4 - ERd32 —|—|=|=]=|—=] 2
INC.B Rd B 2 Rd8+1 — Rd8 — =51t =] 2
INC.W #1, Rd w 2 Rd16+1 - Rd16 — =[5t =] 2
INC.W #2, Rd w 2 Rd16+2 — Rd16 — =3t —=] 2
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Addressing Mode and

No. of

Instruction Length (bytes) States*]|
2
Q o
(7 ~ |4
o S 9 |~ 3
g &e & |w T | 2
o g5 | © Condition Code | &
Slxlc w2182 |© S| 2
Mnemonic O|%#|x|®|® 0 866 Operation HI{N[zZ|V|C|Z|<
INC.L #1, ERd L 2 ERd32+1 - ERd32 —1 40 —| 2
INC.L #2, ERd L 2 ERd32+2 _ ERd32 —[ 413 — 2
DAA Rd B 2 Rd8 decimal adjust L I A I B
~ Rd8
SUB.B Rs, Rd B 2 Rd8-Rs8 - Rd8 ool B A R 2
SUB.W #xx:16, Rd  |W | 4 Rd16-#xx:16 — Rd16 (S IEN BN 4
SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 @y 2
SUB.L #xx:32,ERd |L |6 ERd32—#xx:32 OIENEN N 6
- ERd32
SUB.L ERs, ERd L 2 ERd32-ERs32 BIEEERERE 2
- ERd32
SUBX.B#xx:8,Rd | B |2 Rd8—#xx:8-C - Rd8 iyt 2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 T 2
SUBS.L #1, ERd L 2 ERd32-1 - ERd32 —|—|—=]|=|=] 2
SUBS.L #2, ERd L 2 ERd32-2 - ERd32 —|—|—=]|=|=] 2
SUBS.L #4, ERd L 2 ERd32-4 - ERd32 —|—|—=]|=|=] 2
DEC.B Rd B 2 Rd8-1 — Rd8 —[ 51t —] 2
DEC.W #1, Rd w 2 Rd16-1 - Rd16 — b= 2
DEC.W #2, Rd w 2 Rd16-2 - Rd16 —[ 51t —] 2
DEC.L #1, ERd L 2 ERd32-1 - ERd32 —ItItIr—] 2
DEC.L #2, ERd L 2 ERd32-2 — ERd32 N
DAS.Rd B 2 Rd8 decimal adjust b =] 2
~ Rd8
MULXU.BRs,Rd |B 2 Rd8 x Rs8 - Rd16 —|—=|—=|=|—] 14
(unsigned multiplication)
MULXU.W Rs, ERd | W 2 Rd16 x Rs16 - ERd32 —|—|—=|—=|—] 22
(unsigned multiplication)
MULXS.BRs,Rd | B 4 Rd8 x Rs8 — Rd16 —4 4 |—=|—| 16
(signed multiplication)
MULXS.W Rs, ERd | W 4 Rd16 x Rs16 - ERd32 —[ 4| —|—] 24
(signed multiplication)
DIVXU. B Rs, Rd B 2 Rd16 + Rs8 - Rd16 —|® 0| —|—| 14
(RdH: remainder, RdL:
quotient)
(unsigned division)
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Addressing Mode and No. of
Instruction Length (bytes) States*1
£
Q @
(7 —_ 5 -
° S o @
c 5 c &_) © T| 2
c g5 L 8 Condition Code | £| §
Slzlc|W|2S|T g=le 5| 3
Mnemonic O #|x|®® 68 ® 6 e Operation HI{N[z|V|C|Z|<
DIVXU.W Rs, ERd | W ERd32 + Rs16 — ERd32 — e ()| —|—| 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS. B Rs, Rd B 4 Rd16 + Rs8 - Rd16 —1®)|(7)|—|—| 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS.WRs, ERd | W 4 ERd32 + Rs16 — ERd32 — @) —|—| 24
(Ed: remainder,
Rd: quotient)
(signed division)
CMPB #xx:8, Rd B|2 Rd8—#xx:8 F A e e A
CMPB Rs, Rd B 2 Rd8-Rs8 E A e A
CMP.W #xx:16, Rd  |W | 4 Rd16-#xx:16 (6 0] S I A 4
CMPW Rs, Rd w 2 Rd16-Rs16 @yl 2
CMPL #xx:32,ERd | L | 6 ERd32-#xx:32 @l st s
CMPL ERs, ERd L 2 ERd32-ERs32 @l 2
NEG.B Rd B 2 0-Rd8 - Rd8 gl A e e
NEG.W Rd w 2 0-Rd16 - Rd16 ol B e R )
NEG.L ERd L 2 0-ERd32 - ERd32 ol B e R )
EXTU.W Rd w 2 0 - (<bits 15 to 8> —|lo|$jo|—| 2
of Rd16)
EXTU.L ERd L 2 0 - (<bits 31 to 16> —|lo|lo|—| 2
of ERd32)
EXTS.W Rd w 2 (<bit 7> of Rd16) — —[}ldjol | 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) - —| 4 4lo|—| 2
(<bits 31 to 16> of
ERd32)

Rev. 5.0, 09/04, page 779 of 978

RENESAS




3. Logic instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
2
e o

(7] =® -

° R o @

c % c 8 © T 2

o S|4 | 3 Condition Code | £| &

o w| s

Slzlc|uw|S|l s (2(® 5|3

Mnemonic 0% |x|®®|® B 66 Operation HI{N[z|V|C|Z|<
AND.B #xx:8, Rd B|2 Rd8[#xx:8 - Rd8 —|d|tloj—| 2
AND.B Rs, Rd B 2 Rd8CRs8 - Rd8 —|d|tlo|—| 2
AND.W #xx:16, Rd  |W | 4 Rd16#xx:16 - Rd16 —|y|tloj—| 4
AND.W Rs, Rd w 2 Rd16[Rs16 - Rd16 —|d|tlo|—| 2
AND.L #xx:32,ERd | L | 6 ERA320#xx:32 ~ ERd32|—|—|} |} |0 |—| 6
AND.L ERs, ERd L 4 ERA32(ERs32 - ERd32 |—|— |} [} |0 |—| 4
OR.B #xx:8, Rd B|2 Rd8#xx:8 - Rd8 —|414|0— 2
OR.BRs, Rd B 2 Rd8Rs8 — Rd8 —|ttlo|—| 2
OR.W #xx:16,Rd  |W | 4 Rd164xx:16 — Rd16 —|ditlo|—| 4
OR.W Rs, Rd w 2 Rd16Rs16 - Rd16 —|ditlo|— 2
OR.L #xx:32,ERd | L |6 ERd324xx:32 — ERd32 —|Yitlo|—| 6
OR.L ERs, ERd L 4 ERA32ERs32 - ERd32 —|ditlo|—| 4
XOR.B #xx:8, Rd B|2 Rd80#xx:8 — Rd8 —|ditloj— 2
XOR.B Rs, Rd B 2 Rd8ORs8 - Rd8 —|titlo|— 2
XOR.W #xx:16, Rd  |W | 4 Rd160#xx:16 — Rd16 —|titlo|—| 4
XOR.W Rs, Rd w 2 Rd1600Rs16 — Rd16 —|titloj— 2
XOR.L #xx:32, ERd | L | 6 ERA3200#xx:32 — ERd32|—|—| 4 [} |0 |—| 6
XOR.L ERs, ERd L 4 ERA320ERs32 - ERd32|—|—| } [} |0 |—| 4
NOT.B Rd B 2 - Rd8 - Rd8 —|¥|tlo|—| 2
NOT.W Rd w 2 - Rd16 - Rd16 —|¥|tlo|—| 2
NOT.L ERd L 2 - Rd32 - Rd32 —|¥|tlol—=| 2
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4, Shift instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
© o
g o
= 28 | < &
%_ <. S:CJ ; 5| g ;: r@‘% Condition Code § gs
Mnemonic O|#|x|®|®|® |® Q|| | |operation I[H|{N|Zz|V|Cc|Z|<
SHAL.B Rd B 2 ——= by 2
SHALW Rd wl |2 I = LI 2
SHAL.L ERd L 2 mMsB LSB | —|—|$I3 1413 2
SHAR.B Rd B 2 —[—=[¥|/f]o}]| 2
SHAR.W Rd w| |2 .__ —|=ltlt o] 2
SHAR.L ERd L 2 MsB Lse —|—| 4|4 lo|4] 2
SHLL.B Rd B 2 —|—| 4|4 lo4] 2
SHLLW Rd wl |2 I o e tirlols] 2
SHLL.L ERd L 2 MSB LSB — =Yt o] 2
SHLR.B Rd B 2 —|— b o} 2
SHLR.W Rd w| |2 o~ ] —|—[t|t]o|t| 2
SHLR.L ERd L 2 MSB LSB —|— b o} 2
ROTXL.B Rd B 2 —|—= b0} 2
ROTXL.W Rd w 2 _ —|—= b0}l 2
ROTXLLERd |L 2 MSB+—"LSB | |14} o3| 2
ROTXR.B Rd B 2 —|—= b0l 2
ROTXRWRd  |W 2 _ —[—|¥|/$lot]| 2
ROTXRLERd |L 2 MSB — > LSB —|—=14|3 o]t 2
ROTL.B Rd B 2 —[—[¥|/$lot]| 2
ROTL.W Rd W 2 |. —[—| 4|30t 2
ROTL.L ERd L 2 MSB=——LSB | _|—|}|}|o|d]| 2
ROTR.B Rd B 2 —[—|¥|$]ot]| 2
ROTR.W Rd wl |2 . —|—[t|t]o|t| 2
ROTR.L ERd L 2 MSB —* LSB —|—|$[}lo]|d] 2
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5. Bit manipulation instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!|
p
e o4
) =g 5
° S o @
c % c 8 « T 2
o Slh|x | & Condition Code | 8
o w| s
g XlgW21|a|2 ® S|z
Mnemonic O % |x|®® 6 66’ Operation HI{N[z|V|C|Z|<
BSET #xx:3, Rd B (#xx:3 of Rd8) ~ 1 — =] —|—|— 2
BSET #xx:3, @ERd | B 4 (#xx:3 of @ERd) ~ 1 — = === 8
BSET #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) ~ 1 e e el e 8
BSET Rn, Rd B 2 (Rn8 of Rd8) ~ 1 — = === 2
BSET Rn, @ERd B 4 (Rn8 of @ERd) ~ 1 — = === 8
BSET Rn, @aa:8 B 4 (Rn8 of @aa:8) ~ 1 e e el el 8
BCLR #xx:3, Rd B 2 (#xx:3 of Rd8) ~ 0 — =] —|—|— 2
BCLR #xx:3, @ERd | B 4 (#xx:3 of @ERd) ~ 0 —|— === 8
BCLR #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) —~ 0 e e el el 8
BCLR Rn, Rd B 2 (Rn8 of Rd8) ~ 0 —|— === 2
BCLR Rn, @ERd B 4 (Rn8 of @ERd) ~ 0 —|— === 8
BCLR Rn, @aa:8 B 4 (Rn8 of @aa:8) —~ 0 e e el el 8
BNOT #xx:3, Rd B 2 (#xx:3 of Rd8) — === — 2
= (#xx:3 of Rd8)
BNOT #xx:3, @ERd | B 4 (#xx:3 of @ERd) ~ — === 8
- (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) ~ — = === 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B 2 (Rn8 of Rd8) — == == 2
= (Rn8 of Rd8)
BNOT Rn, @ERd B 4 (Rn8 of @ERd) - e e el e 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B 4 (Rn8 of @aa:8) - e e el el 8
- (Rn8 of @aa:8)
BTST #xx:3, Rd B 2 - (#xx:3 of Rd8) - Z ——=|}|——] 2
BTST #xx:3, @ERd | B 4 = (#xx:3 of @ERd) - Z —|— i —|— 6
BTST #xx:3, @aa:8 | B 4 - (#xx:3 of @aa:8) - Z —|— i —— 6
BTST Rn, Rd B 2 - (Rn8 of @Rd8) - Z —|—=|}|—l—] 2
BTST Rn, @ERd B 4 - (Rn8 of @ERd) - Z —|—=t|=|—| s
BTST Rn, @aa:8 B 4 - (Rn8 of @aa:8) — Z —|—|}|—|—] b
BLD #xx:3, Rd B 2 (#xx:3 of Rd8) -~ C —|—|—|— i 2
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Addressing Mode and No. of
Instruction Length (bytes) States*!
+
g @
B |
T £2 o < &
§ . é g 'E'KIJ g ; (§3 Condition Code £ E
Mnemonic O|£|£|0|®|0 0|06 Operation HIN[z|v|c| 2|2
BLD #xx:3, @ERd | B 4 (#xx:3 of @ERd) - C S PR [ 6
BLD #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) -~ C — === i 6
BILD #xx:3, Rd B 2 - (#xx:3 of Rd8) - C —|—|—— 2
BILD #xx:3, @ERd B 4 = (#xx:3 of @ERd) - C — === i 6
BILD #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) - C — === i 6
BST #xx:3, Rd B 2 C - (#xx:3 of Rd8) — = —=]—]— 2
BST #xx:3, @ERd B 4 C - (#xx:3 of @ERd24) —|—|—|—]— 8
BST #xx:3, @aa:8 B 4 C - (#xx:3 of @aa:8) — == == 8
BIST #xx:3, Rd B 2 - C - (#xx:3 of Rd8) e e R e 2
BIST #xx:3, @ERd B 4 - C - (#xx:3 of @ERd24) — === 8
BIST #xx:3, @aa:8 B 4 - C - (#xx:3 of @aa:8) e 8
BAND #xx:3, Rd B 2 CO(#xx:3 of Rd8) - C — === i 2
BAND #xx:3, @ERd | B 4 CO#xx:3 of @ERd24) - C — === i 6
BAND #xx:3, @aa:8 | B 4 CO#xx:3 of @aa:8) - C e el el i 6
BIAND #xx:3, Rd B 2 CO- (#xx:3 of Rd8) - C SR PR (R U 2
BIAND #xx:3, @ERd | B 4 CO- (#xx:3 of @ERd24) - C — === i 6
BIAND #xx:3, @aa:8 | B 4 CO- (#xx:3 of @aa:8) -~ C — === i 6
BOR #xx:3, Rd B 2 C/#xx:3 of Rd8) - C — === 2
BOR #xx:3, @ERd B 4 C/#xx:3 of @ERd24) - C — === i 6
BOR #xx:3, @aa:8 B 4 C/#xx:3 of @aa:8) - C ol el el ¢ 6
BIOR #xx:3, Rd B 2 /- (#xx:3 of Rd8) - C —|—=]=]=|} 2
BIOR #xx:3, @ERd | B 4 /- (#xx:3 of @ERd24) - C —|—|—|— ¢ 6
BIOR #xx:3, @aa:8 | B 4 /- (#xx:3 of @aa:8) - C — === i 6
BXOR #xx:3, Rd B 2 CO(#xx:3 of Rd8) - C — === i 2
BXOR #xx:3, @ERd | B 4 CO(#xx:3 of @ERd24) - C — === i 6
BXOR #xx:3, @aa:8 | B 4 CO(#xx:3 of @aa:8) —~ C — === 6
BIXOR #xx:3, Rd B 2 CO - (#xx:3 of Rd8) - C —|—={=1=} 2
BIXOR #xx:3, @ERd | B 4 CO - (#xx:3 of @ERd24) - C — === ¢ 6
BIXOR #xx:3, @aa:8 | B 4 CO - (#xx:3 of @aa:8) -~ C e el el ¢ 6
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6. Branching instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!|
+
S &
B W
E g2 o _I3
g . S:‘i ':'_;: 5| P ; é Branch Condition Code £ §
Mnemonic S|I¥|E|®|®|e|e|e|e]l Operation |Condition | | |[H|N|Z|V|C 2|2
BRA d:8 (BT d:8) — 2 If condition |Always ol el el el el 4
BRA d:16 (BT d:16) |— 4 i;é“ie then N O I
BRN d:8 (BF d:8) — 2 pC+d else | Never | =] === 4
BRN d:16 (BF d:16) |— 4 next; S N (U DU B B
BHI d:8 — 2 C/z=0 |—|—|—|—|—|—| 4
BHI d:16 — 4 = |=|=]=] s
BLS d:8 — 2 c/z=1 |—|—|—|—|—|—| 4
BLS d:16 — 4 | =|=|=]=] &
BCC d:8 (BHS d:8) |— 2 c=0 ——|=|=]=|=] 4
BCC d:16 (BHS d:16) | — 4 —|—=|=|=]=|=] &
BCS d:8 (BLOd:8) |— 2 c=1 ——|=|=]=|=] 4
BCS d:16 (BLO d:16) | — 4 —|—=|=|=]=|—=] &
BNE d:8 — 2 Z=0 ——|=|=]=|=] 4
BNE d:16 — 4 = |=|=]=] s
BEQ d:8 — 2 z=1 =] =]=]=| a4
BEQ d:16 — 4 | —=|=|==| &
BVC d:8 — 2 V=0 —|—|=|=]=|=] 4
BVC d:16 — 4 = =]=]=] s
BVS d:8 — 2 v=1 —|—|=|=]=|=] 4
BVS d:16 — 4 = =]=]=] s
BPL d:8 — 2 N=0 —|—|=|=]=|=] 4
BPL d:16 — 4 = =]=]=] s
BMI d:8 — 2 N=1 RN U (U [y U 4
BMI d:16 — 4 == |=]=]=] &
BGE d:8 — 2 NOV=0 RN U (U [y U 4
BGE d:16 — 4 = |=|=]=] &
BLT d:8 — 2 NOV=1 RN U (U [y U 4
BLT d:16 — 4 = |=]=]=] &
BGT d:8 — 2 Z/(NOV) | —|—|—|—|—|—]| 4
BGT d:16 — 4 =0 —|—=]=|=]=] &
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Addressing Mode and

No. of

Instruction Length (bytes) States*1
:
2 x
7] ~ |4
> c|® Py 3
G c 5 E 8 o] - T| 2
g | 5 Slulgls é Branch Condition Code g g
Mnemonic O|%|z|®|8®|®|®|®|®| | |operation |Condition HIN|z|V|C|Z|<
BLE d:8 — 2 If condition |Z/(NOV)=1 — == |—|—] 4
BLE d:16 _ 4 is true then T 6
PC - PC+d
else next;
JMP @ERn — 2 PC — ERn — === = 4
JMP @aa:24 — 4 PC — aa:24 — = === 6
JMP @@aa:8 — 2 PC - @aa:8 —|—|—|—|—]| 8 |10
BSR d:8 — 2 PC - @-SP ——|—|—=|—=|6]|8
PC — PC+d:8
BSR d:16 — 4 PC - @-SP —|—|—|—|—| 810
PC ~ PC+d:16
JSR @ERnN — 2 PC - @-SP —|—|—|—|—| 6|8
PC -« @ERn
JSR @aa:24 — 4 PC - @-SP —|—|—|—|—| 8|10
PC - @aa:24
JSR @@aa:8 — 2 PC - @-SP —|—|—|—|—]| 8 |12
PC - @aa:8
RTS — 2 |PC - @SP+ —|—|—|—|—| 8|10
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7. System control instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!|
2
e o
% ~|4
2 = |® ~ ?
c Ele Q| | @
3 glY |z |3 Condition Code | £| &
Slx|c|uwlZ|Y|g|2|® 5|3
Mnemonic O|%|2|® 86 8 66 Operation I|HIN|Z|V|C|Z|<
TRAPA #x:2 — PC . @-SP 1|—|—|—|—|—|14]|16
CCR - @-SP
<vector> - PC
RTE — CCR - @SP+ VIRV Y] 10
PC - @SP+
SLEEP — Transition to powerdown | — | — | — | — | — | — 2
state
LDC #xx:8,CCR | B | 2 #xx:8 - CCR R A A R
LDC Rs, CCR B| |2 Rs8 - CCR I I R I O
LDC @ERs, CCR W 4 @ERSs - CCR I s
LDC @(d:16, ERs), |W 6 @(:16,ERs) ~CCR |} |34 |d1Y] 8
CCR
LDC @(d:24, ERs), |W 10 @(d:24,ERs) ~ CCR | § [} [ ¥4 4] 12
CCR
LDC @ERs+, CCR | W 4 @ERs - CCR A N I A
ERs32+2 — ERs32
LDC @aa:16, CCR | W 6 @aa:16 - CCR I e A I
LDC @aa:24, CCR | W 8 @aa:24 - CCR PIVIV V4] 1o
STC CCR, Rd B 2 CCR - Rd8 —|—==|=]=|—] 2
STCCCR, @ERd  |W 4 CCR - @ERd —|—|—=|=|—=|—=| &
STC CCR, @(d:16, |W 6 CCR - @(d:16,ERd) |—|—|—|—|—|—| 8
ERd)
STC CCR, @(d:24, |W 10 CCR - @(d:24,ERd) |—|—|—|—|—|—| 12
ERd)
STC CCR, @-ERd |W 4 ERd32D2 - ERd32 —|—|—=|=|=|—| 8
CCR - @ERd
STC CCR, @aa:16 |W 6 CCR - @aa:16 —|— === 8
STC CCR, @aa:24 |W 8 CCR - @aa:24 —|—|—|—|—|—]| 10
ANDC #xx:8, CCR | B |2 CCR#xx:8 —~ CCR ES O N R O - R
ORC #xx:8, CCR B|2 CCRA#xx:8 ~ CCR O N O A 2
XORC #xx:8,CCR | B |2 CCRO#xx:8 - CCR SO O N O O O
NOP — PC  PC+2 —|=|=|=]=|—] 2
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8. Block transfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
2
& [od
n ~ |4
S|®| |~ 3
e @ | = 8 = o
[} Q| . [ 2
g |8 el Condition Code £ | ®
S Xle W STl |2 |® s |2
Mnemonic O|#|¢|®|®|®|®|® ®|| operation I|HIN|Z|V|C|Z | <
EEPMOV. B — 4 |ifR4L-0 — | —|—=|—|—|—] 8+
repeat @R5 - @R6 4n*2
R5+1 - R5
R6+1 - R6
RAL-1 - RAL
until R4L=0
else next;
EEPMOV. W — 4 |ifR4-0 —|—|—=|—|—]—] 8+
repeat @R5 -~ @R6 4n*2
R5+1 - R5
R6+1 - R6
R4-1 - R4
untii R4=0
else next;

Notes: 1. The number of states is the number of states required for execution when the
instruction and its operands are located in on-chip memory. For other cases see
section A.3, Number of States Required for Execution.

2. nisthe value set in register R4L or R4.

(1) Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

(2) Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

(3) Retains its previous value when the result is zero; otherwise cleared to 0.

(4) Set to 1 when the adjustment produces a carry; otherwise retains its previous value.

(5) The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

(6) Set to 1 when the divisor is negative; otherwise cleared to 0.
(7) Set to 1 when the divisor is zero; otherwise cleared to 0.
(8) Set to 1 when the quotient is negative; otherwise cleared to 0.

Rev. 5.0, 09/04, page 787 of 978
RENESAS



Operation Code Maps

AOW

anvy

dOX

40

Xdans

dNO

Xaav

aav

(e)
Z'val|qeL

AOWd33

@
2’V elgeL

@

2’V 9lqeL

AOW

ana
aid

anvig
dNvd

doxig
d0xd

dolg
d0d

1s1d

AOW

1sia
1sd

anvy

HdOX

40

y10d

1ONg

13sd

osr

dsg

diAr

(@)
Z'valqeL

Vdvdl

a1y

4sd

S1d

NXAIQ

NXINAN

NXAIQ

NXINN

g

199 11g

394 INgG

1dg

SAd

ond

ONg

aNg

sod

004

sTd

IHG

Nyg

vydd

a'AON

(e]
¢’V alqeL

Xans

(]

dino c¢'valqel

@
¢’V algeL

ans

@
¢’V alqeL

g'aNy

g9°°40X

g9d0

@
¢’V algeL

(@
¢’V algeL

(]
c'valqel

(@
¢’V alqeL

(@
Z'valgeL

Xaavy

@

AOW v slgeL

@
2’V elqeL

aav

oan

OAaNVv

jol=[0)¢

240

oan

ol1s

(@
Z'velqelL

dON

E|

0 q

v

HY
v

TSI HE 10 11g JUed1}IUB'S 1S0W Uaym uononJisu|

19 [ He

1V [HY
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TableA.2 Operation Code Map (1)

A2

'0S! HE J0 110 JUED1}IUB'S ISOL UBYM UoNINsU |

a1Aq pugz | @1Aq ST | P02 UonoNISU|

(T) de |y apoD uoireedo 2'V
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TableA.2 Operation Code Map (2)

awv | ¥ox | ¥o | 8ns | dwo | aav | Aow VL
aw | wox | ¥o | 8ns | dwo | aav | Aow 6L
T8 | 198 | 118 | 398 | e 98 | sag | ong | d38 | 3ng | som | 008 | s1@ | HE | N8 | vug 85
dno sva 41
o3a 23a sans o3a o3a sans | @t
ans 03a vI
s1x3 S1x3 03N REN nix3 nixa 1ON LON Ji;
u10Y ¥L0Y uXLOY uXLOY e1
1L0¥ L0¥ XLOY XLOY 2
VHS VHS HS HS T
WHS WHS THS THS o1
AOW wva 0
NI NI saav oNI oNI saav | €0
aav NI VO
. A FEEIR oLs/0an AOW 10
4 E] a &) 8 v 6 8 L 9 5 v £ z 1 o |5
19 [HE | 1V [HY
91Aq puz | @1Aq ST | ©P02 UoNoNISU|
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TableA.2 Operation Code Map (3)

‘p|aly SSaIppe AINjosqe ay) Sl ee g

"p|aly uoneubisap IsisiBal ay i1 T :SAION

y109 10ONg 13s9 |z, leeds
1si1g
4109 10Ng 13s9 |z, 9eeds
1sd
alg aNvid d0Xlid 4019
1s1a 2. leeds
alg anvd d40X4d d04d
1s1g 2. oeed,
d71049 1ONg 13sa |, 20/AL
1sig
d7109 1ONg 13sa |g, 90/As
1S9
alg aNvid d0Xlid d01g
1slg 1. L0IDL
alg anvd d0X4d d04d
1slg 1. 90401
anv dOX d0 90410
SXAId SXIAIQ s0daTo
SXINN SXINN S00TO
ol1s ol1s ol1s ol1s
oan oan oan oan 90v10
HO19
Ha1v
4 a £l 6 L 9 S 14 € z T 0 HY
10
"T'SI HA 10 11g 1ued1J1ubs 1S0oW UBYM U0 11oNJIsuU |
1a|HA| 10 [HO[ 18 [HA [ TV [HY
'0S! HQ JO 1q 1Ued}1UB IS 150W UBYM Lo oNJISU | 9140 U |a1Aq pig | 814q puz | 81Aq ST | BPOD UondNIISU|

Rev. 5.0, 09/04, page 790 of 978

RENESAS



A3 Number of States Required for Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the H8/300H CPU. Table A.4 indicates the number of instruction fetch, data
read/write, and other cycles occurring in each instruction. Table A.3 indicates the number of states
required per cycle according to the bus size. The number of states required for execution of an
instruction can be calculated from these two tables as follows:

Number of states=1+S+JeS+KeS +L*S +Me+S,+N-S
Examples of Calculation of Number of States Required for Execution

Examples. Advanced mode, stack located in external address space, on-chip supporting modules
accessed with 8-bit bus width, external devices accessed in three states with one wait state and
16-bit bus width.

BSET #0, @FFFFC7:8

FromtableA4,1=L=2andJ=K=M=N=0
FromtableA.3,S=4andS =3
Number of states=2+4+2¢3=14

JSR @@30

FromtableA.4,1=J=K=2andL=M=N=0
FromtableA.3,S=S =S5 =4
Number of states=2¢4+2¢4+2+4=24
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Table A.3 Number of Statesper Cycle

Access Conditions

External Device

On-Chip Sup-

porting Module 8-Bit Bus 16-Bit Bus
Execution State On-Chip 8-Bit 16-Bit  2-State 3-State 2-State 3-State
(Cycle) Memory Bus Bus Access Access Access Access
Instruction fetch S, 2 6 3 4 6 +2m 2 3+m
Branch address read S,
Stack operation S,
Byte data access S, 3 2 3+m
Word data access S, 4 6 +2m
Internal operation S, 1
[Legend]
m: Number of wait states inserted into external device access
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Table A.4 Number of Cyclesper Instruction

Instruction Mnemonic

Instruction Branch

Fetch
|

J K

Stack
Addr. Read Operation Access

Byte Data Word Data Internal
Access Operation
L M N

ADD

ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W #xx:16, Rd
ADD.W Rs, Rd
ADD.L #xx:32, ERd
ADD.L ERs, ERd

ADDS

ADDS #1/2/4, ERd

ADDX

ADDX #xx:8, Rd
ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

BLE d:8

NNMNNMNNMNNMNNMNRNRNNNNNNNNMNNMNN NNR [ RPINORPNRR|(PRIRP(PORPNPRP PR

RENESAS
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M

Bcc BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16
BLS d:16
BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

NNPNDNNDNMNNMNNDNMNNDMNDNMNNDDNDDNDDNZ

BCLR BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

BIAND BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

BILD BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8

BIOR BIOR #xx:8, Rd
BIOR #xx:8, @ERd
BIOR #xx:8, @aa:8

BIST BIST #xx:3, Rd
BIST #xx:3, @ERd
BIST #xx:3, @aa:8

BIXOR BIXOR #xx:3, Rd
BIXOR #xx:3, @ERd
BIXOR #xx:3, @aa:8

BLD BLD #xx:3, Rd
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

NNE|INNEP NMNNEPEINNEPENMNNEPINMNNNMNEINNEPNNEPINMNDMNDMNDNNDMNDNDDNDDNDDNDDNDDNDDNDDNDDNDDN
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Instruction Branch

Stack

Byte Data Word Data Internal

Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @ERd 2 2

BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @ERd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @ERd 2 2

BSET #xx:3, @aa:8 2 2

BSET Rn, Rd 1

BSET Rn, @ERd 2 2

BSET Rn, @aa:8 2 2
BSR BSR d:8 Normal 2 1

Advanced 2 2
BSR d:16 Normal 2 1 2
Advanced 2 2 2

BST BST #xx:3, Rd 1

BST #xx:3, @ERd 2 2

BST #xx:3, @aa:8 2 2
BTST BTST #xx:3, Rd 1

BTST #xx:3, @ERd 2 1

BTST #xx:3, @aa:8 2 1

BTST Rn, Rd 1

BTST Rn, @ERd 2 1

BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1

BXOR #xx:3, @ERd 2 1

BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1

CMP.B Rs, Rd 1

CMP.W #xx:16, Rd 2

CMP.W Rs, Rd 1

CMP.L #xx:32, ERd 3

CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1

RENESAS
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

DEC DEC.B Rd
DEC.W #1/2, Rd
DEC.L #1/2, ERd

DIVXS DIVXS.B Rs, Rd
DIVXS.W Rs, ERd

12
20

DIVXU DIVXU.B Rs, Rd
DIVXU.W Rs, ERd

12
20

2n + 2+!
2n + 2!

EEPMOV EEPMOV.B
EEPMOV.W

EXTS EXTS.W Rd
EXTS.L ERd

EXTU EXTU.W Rd
EXTU.L ERd

INC INC.B Rd
INC.W #1/2, Rd
INC.L #1/2, ERd

JMP JMP @ERN

JMP @aa:24

JMP @@aa:8 Normal

Advanced

JSR JSR @ERn  Normal

Advanced

JSR @aa:24 Normal

Advanced

JSR @@aa:8 Normal

N R[N P[NP
N

Advanced

LDC LDC #xx:8, CCR
LDC Rs, CCR
LDC @ERs, CCR
LDC @(d:16, ERs), CCR
LDC @(d:24, ERs), CCR
LDC @ERs+, CCR
LDC @aa:16, CCR
LDC @aa:24, CCR

A WONOOWNEPRP|ININDNI NN DNDINMNDNDNDMNDNDNPRPP PP PP NMNNPFPPRPINNPFPPRPPRP
N

N S
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

MOV MOV.B #xx:8, Rd
MOV.B Rs, Rd
MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @ERd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @—ERd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.B Rs, @aa:24

PR RPRRPRRPRPRRPRRERRRRRR

MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @ERs, Rd
MOV.W @(d:16, ERs), Rd
MOV.W @(d:24, ERs), Rd
MOV.W @ERs+, Rd
MOV.W @aa:16, Rd
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16, ERd)
MOV.W Rs, @(d:24, ERd)
MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24

PR R RRRPRRERRRRREPR

MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16, ERs), ERd
MOV.L @(d:24, ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs, @ERd
MOV.L ERs, @(d:16, ERd)
MOV.L ERs, @(d:24, ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

A WNOOWONAEONOAOWONEPE W WONPEPRARNPWONEPANMNPEPRPNMN ONMNEPPRPANPONREPRBDANEREPRPR

NNDNDNDNNMNNDNNDNNDNNDNDDN
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Instruction Branch Stack
Fetch Addr. Read Operation Access
Instruction Mnemonic | J K

Byte Data Word Data Internal
Operation

L

Access
M

N

MOVFPE  MOVFPE @aa:16, Rd**

1

MOVTPE MOVTPE Rs, @aa:16*”

1

MULXS MULXS.B Rs, Rd
MULXS.W Rs, ERd

12
20

MULXU MULXU.B Rs, Rd
MULXU.W Rs, ERd

12
20

NEG NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP NOP

NOT NOT.B Rd
NOT.W Rd
NOT.L ERd

OR OR.B #xx:8, Rd
OR.B Rs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd

ORC ORC #xx:8, CCR

POP POP.W Rn
POP.L ERn

PUSH PUSH.W Rn
PUSH.L ERn

N[N B

NN NDN

ROTL ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

ROTXR ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
2
1
3
OR.L ERs, ERd 2
1
1
2
1
2
1
1
1
1
1
1
1
1
1
1
1
1
2

RTE RTE

Rev. 5.0, 09/04, page 798 of 978
RENESAS



Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

RTS

RTS Normal 2 1 2

Advanced 2 2 2

SHAL

SHAL.B Rd 1
SHAL.W Rd
SHAL.L ERd

SHAR

SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

SHLL

SHLL.B Rd

SHLL.L ERd

SHLR

SHLR.B Rd
SHLR.W Rd
SHLR.L ERd

SLEEP

SLEEP

STC

STC CCR, Rd

STC CCR, @ERd
STC CCR, @(d:16, ERd) 3
STC CCR, @(d:24, ERd) 5
STC CCR, @-ERd 2
STC CCR, @aa:16
STC CCR, @aa:24

1
1
1
1
1
1
SHLL.W Rd 1
1
1
1
1
1
1
2

PR R RRE R

SuUB

SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd
SUBL.L ERs, ERd

SUBS

SUBS #1/2/4, ERd

SUBX

SUBX #xx:8, Rd
SUBX Rs, Rd

TRAPA

TRAPA #x:2 Normal

Advanced

XOR

XOR.B #xx:8, Rd
XOR.B Rs, Rd
XOR.W #xx:16, Rd
XOR.W Rs, Rd
XOR.L #xx:32, ERd
XOR.L ERs, ERd

NWRNRPRRININRPR|IPIPORPNPR (D

XORC

XORC #xx:8, CCR 1

Notes: 1.

n is the value set in register R4L or R4. The source and destination are accessed n + 1
times each.

Not available in the H8/3069R.
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Appendix B Internal 1/0 Registers

B.1 Addresses(EMC =1)

Data .
Address Register Bus Bit Names Module
(Low) Name width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
HEE000 PIDDR 8 P1DDR P1DDR P1DDR P1DDR P1DDR P1DDR P1DDR P1DDR Port1l
HEEO0L P2DDR 8 P2,DDR P2DDR P2,DDR P2,DDR P2,DDR P2,DDR P2,DDR P2,DDR Port2
HEE002 P3DDR 8 P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR Port3
HEE003 P4DDR 8 P4DDR PADDR P4DDR P4DDR P4DDR P4DDR P4DDR P4DDR Port4
HEE004 P5DDR 8 — — — — P5DDR P5DDR P5DDR P5DDR  Port5
HEE005 P6DDR 8 — P6,DDR P6DDR P6DDR P6DDR P6DDR P6DDR P6DDR Port6
HEE006 — — — — — — — — —
HEE007 PSDDR 8 — — — P8 DDR P8DDR P8DDR P8DDR P8DDR Port8
HEE008 POYDDR 8 — — P9.DDR P9DDR P9DDR P9DDR PY9DDR PYDDR Port9
HEE009 PADDR 8 PADDR PADDR PADDR PADDR PADDR PADDR PADDR PADDR PortA
HEEOOA PBDDR 8 PBDDR PBDDR PBDDR PB,DDR PBDDR PBDDR PBDDR PBDDR PortB
HEEOOB — — — — — — — — —
HEE0OC — — — — — — — — —
HEEOOD — — — — — — — — —
HEEOOE — — — — — — — — —
HEEOOF — — — — — — — — —
HEE010 — — — — — — — — —
HEEO1L MDCR 8 — — — — — MDS2 MDS1 MDSO  System
HEEO12 SYSCR 8 SSBY STS2 STS1  STSO  UE NMIEG SSOE RAME contro
HEEO13 BRCR 8 A23E  A22E  A21E  A20E  — — — BRLE  Bus controller
HEE014 ISCR 8 — — IRQ5SC IRQ4SC IRQ3SC IRQ2SC IRQISC IRQOSC Interrupt
HEEO15 IER 8 — — IRQ5E  IRQ4E IRQ3E IRQ2E IRQIE IRQOE  controller
HEE016 ISR 8 — — IRQ5F IRQ4F IRQ3F IRQ2F  IRQIF  IRQOF
HEE017 — — — — — — — — —
HEE018 IPRA 8 IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRAL  IPRAO
HEEO19 IPRB 8 IPRB7 IPRB6 IPRB5 — IPRB3 IPRB2 IPRB1I —
H'EEO1IA DASTCR 8 — — — — — — — DASTE  D/A converter
HEEOLB DIVCR 8 — — — — — — DIVL DIVO  System
HEE0IC MSTCRH 8 PSTOP — — — — MSTPH2 MSTPH1 MSTPHo SOntro
HEEOLD MSTCRL 8 MSTPL7 — MSTPL5 MSTPL4 MSTPL3 MSTPL2 — MSTPLO
H'EEOLE ADRCR 8 — — — — — — — ADRCTL Bus controller
HEEOLF CSCR 8 CS7TE CS6E CS5E  CS4E — — — —
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Data

Address Register Bus Bit Names Module
(Low) Name  Width Bit7  Bit6  Bit5 Bit4  Bit3  Bit2 Bit 1 Bit O Name
HEE020 ABWCR 8 ABW7 ABW6 ABW5 ABW4 ABW3 ABW2 ABW1  ABWO  Bus
HEEO21 ASTCR 8 AST7 AST6 AST5 AST4 AST3 AST2  ASTL  AsTo  controller
HEE022 WCRH 8 W71 W70 W6l W60 W51 W50 wal W40

HEE023 WCRL 8 W3l W30 W2l W20 Wil W10 wo1l W00

HEE024 BCR 8 ICISL  ICISO BROME BRSTS1 BRSTSO — RDEA  WAITE

HEE025 — — — — — — — — —

HEE026 DRCRA 8 DRAS2 DRAS1 DRASO — BE RDM SRFMD RFSHE DRAM
HEE027 DRCRB 8 MXC1 MXCO CSEL RCYCE — TPC RCW  RLW Interface
HEE028 RTMCSR 8 CMF  CMIE CKS2 CKS1 CKSO — — —

HEE029 RTCNT 8

HEEO2A RTCOR 8

HEE02B — — — — — — — — —

HEEO2C — — — — — —_ _ _ _

HEEO2D — — — — — — — — —

HEEO2E — — — — — — — — —

HEEO2F — — — — — — — — —

HEE030 — — — — — — — — —

HEEO31T — — — — — — — — —

HEE032 — — — — — — — — —

HEE033 — — — — — — — — —

HEE034 — — — — — — — — —

HEE035 — — — — — — — — —

HEE036 — — — — — — — — —

HEE037 — — — — — — — — —

H'EE038 Reserved area (access prohibited)

H'EE039

HEE03A

HEEO03B

HEEO3C P2PCR 8 P2PCR P2PCR P2,PCR P2PCR P2PCR P2PCR P2PCR P2PCR Port2
HEEO3D — — — — — — — — —

HEEO3E P4PCR 8 P4PCR P4PCR P4PCR P4PCR P4PCR PAPCR P4PCR P4PCR Port4
HEEO3F P5PCR 8 — — — — P5PCR P5PCR P5PCR P5PCR Port5
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Bit Names
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Bit5

Bit 4

Bit 3

Bit 2

Bit1

Bit 0

Module
Name

H'EE040

H'EEO41

H'EE042

H'EE043

H'EEO44

H'EE045

H'EE046

H'EEO047

H'EE048

H'EE049

H'EEO4A

H'EEO4B

H'EE04C

H'EE04D

H'EEO4E

H'EEO4F

H'EE050

H'EEO51

H'EE052

H'EE053

H'EE054

H'EE055

H'EE056

H'EE057

H'EE058

H'EE059

H'EEO5A

H'EEO5B

H'EEO5C

H'EEO5D

H'EEOSE

H'EEOSF
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Data
Address Register Bus
(Low) Name width Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

Bit Names Module

HEE060 — — — — — — — — —

HEE061 — — — — — — — — —

HEE062 — — — — — — — — —

HEE063 — — — — — — — — —

HEE064 — — — — — — — — —

HEE065 — — — — — — — — —

HEE066 — — — — — — — — —

HEE067 — — — — — — — — —

HEE068 — — — — — — — — —

HEE069 — — — — — — — — —

HEEO6A — — — — — — — — —

HEEO6B — — — — — — — — —

HEEO6C — — — — — — — — —

HEEO6D — — — — — — — — —

HEEO6E — — — — — — — — —

HEEO6F — — — — — — — — —

HEEO70 — — — — — — — — —

HEEO71 — — — — — — — — —

HEE072 — — — — — — — — —

HEE073 — — — — — — — — —

H'EEO074 Reserved area (access prohibited)
H'EEQ75
H'EEQ76

H'EEO77 RAMCR 8 — — — — RAMS RAM2 RAM1 RAMO Flash
memory*

HEE078 — — — — — — — — —

HEE079 — — — — — — — — —

HEEO7TA — — — — — — — — —

HEEO7B — — — — — — — — —

HEEO7C — — — — — — — — —

HEEO7D — — — — — — — — —

HEEO7TE — — — — — — — — —

HEEO7F — — — — — — — — —
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H'EE080

H'EE081

H'EE082

H'EE083

H'EE084

H'EE085

H'EE086

H'EE087

H'EE088

H'EE089

H'EEO8A

H'EE08B

H'EE08C

H'EE08D

H'EEOSE

H'EEO8F

H'EE090

H'EE091

H'EE092

H'EE093

H'EE094

H'EE095

H'EE096

H'EE097

H'EE098

H'EE099

H'EEQ9A

H'EE09B

H'EE09C

H'EE09D

H'EEQ9E

H'EEOQ9F
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(Low)

Register
Name

Data
Bus

Bit Names

Module

Width Bit7

Bit 6

Bit 5 Bit 4

Bit 3

Bit 2 Bit 1 Bit 0 Name

H'EEOAO

H'EEOA1

H'EEOA2

H'EEOA3

H'EEOA4

H'EEOA5

H'EEOA6

H'EEOA7

H'EEOA8

H'EEOA9

H'EEOAA

H'EEOAB

H'EEOAC

H'EEOAD

H'EEOAE

H'EEOAF

H'EEOBO

FCCS

8

— — SCO Flash memory*

H'EEOB1

FPCS

8

— — PPVS

H'EEOB2

FECS

8

— — EPVB

H'EEOB3

Reserved area (access prohibited)

H'EEOB4

FKEY

8

K7

K6

K5 K4

K3

K2 K1 KO

H'EEOB5

FMATS

MS7

MS6

MS5 MS4

MS3

MS2 MS1 MSO0

H'EEOB6

FTDAR

TDER

TDAG

TDA5 TDA4

TDA3

TDA2 TDA1 TDAO

H'EEOB7

FVACR

FVCHGE

FVSEL3

FVSEL2 FVSEL1 FVSELO

H'EEOB8

FVADRR

H'EEOB9

FVADRE

H'EEOBA

FVADRH

H'EEOBB

FVADRL

H'EEOBC

Reserved area (access prohibited)

H'EEOBD

H'EEOBE

H'EEOBF
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Data

Bit Names

Address Register Bus Module

(Low) Name Width Bit7  Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Name

H'FFF20 MAROAR 8 DMAC channel 0A

H'FFF21 MAROAE 8

H'FFF22 MAROAH 8

H'FFF23 MAROAL 8

H'FFF24 ETCROAH 8

H'FFF25 ETCROAL 8

H'FFF26 IOAROA 8

H'FFF27 DTCROA 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short address mode
DTE DTSZ SAID SAIDE DTIE DTS2A DTS1A DTSOA Full address mode

H'FFF28 MAROBR 8 DMAC channel 0B

H'FFF29 MAROBE 8

H'FFF2A  MAROBH 8

H'FFF2B  MAROBL 8

H'FFF2C ETCROBH 8

H'FFF2D ETCROBL 8

H'FFF2E I10AROB 8

H'FFF2F DTCROB 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short address mode
DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full address mode

H'FFF30 MAR1AR 8 DMAC channel 1A

H'FFF31 MARIAE 8

H'FFF32 MAR1AH 8

H'FFF33 MARIAL 8

H'FFF34 ETCR1AH 8

H'FFF35 ETCRI1AL 8

H'FFF36 |IOAR1A 8

H'FFF37 DTCR1A 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short address mode
DTE DTSZ SAID SAIDE DTIE DTS2A DTS1A DTSOA Full address mode

H'FFF38 MARI1BR 8 DMAC channel 1B

H'FFF39 MARI1BE 8

H'FFF3A MAR1BH 8

H'FFF3B MAR1BL 8

H'FFF3C ETCRI1BH 8

H'FFF3D ETCR1BL 8

H'FFF3E I10AR1B 8

H'FFF3F DTCR1B 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short address mode
DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full address mode
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Name Width Bit7 Bit 6

Bit5 Bit 4 Bit 3

Bit 2 Bit 1 Bit 0 Name

H'FFF40

HFFF41

HFFF42

HFFF43
HFFF44

H'FFF45

H'FFF46
HFFF47

H'FFF48

H'FFF49
HFFF4A

HFFF4B

HFFFAC
H'FFF4D

H'FFF4E

HFFF4F

Reserved area (access prohibited)

H'FFF50

HFFF51

HFFF52

HFFF53
HFFF54

H'FFF55

H'FFF56
HFFF57

H'FFF58

H'FFF59
HFFF5A

HFFF5B

HFFF5C
H'FFF5D

H'FFF5E

H'FFF5F

Reserved area (access prohibited)
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Data

Address Register Bus Bit Names Module
(Low) Name Width Bit7  Bit6  Bit5  Bit4  Bit3  Bit2 Bitl  Bit0  Name
HFFF60 TSTR 8 — — — — — STR2 STR1L  STRO  16-bit timer
HFFF61  TSNC 8 — — — — — SYNC2 SYNC1 synco Al channels
HFFF62 TMDR 8 — MDF  FDIR  — — PWM2 PWML PWMO

HFFF63 TOLR 8 — — TOB2 TOA2 TOBL TOAL TOBO TOAO

HFFF64  TISRA 8 — IMIEA2 IMIEAL IMIEAO — IMFA2  IMFAL  IMFAO

HFFF65 TISRB 8 — IMEB2 IMIEBL IMIEBO — IMFB2  IMFB1  IMFBO

HFFF66  TISRC 8 — OVIE2 OVIEL OVIEO — OVF2 OVFL  OVFO

HFFF67 — — — — — — — — —

HFFF68 16TCRO 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO 16-bittimer
HFFF69  TIORO 8 — I0B2 0Bl  10BO  — I0A2  I0AL  I10A0  channel0
HFFF6A  16TCNTOH 16

HFFF6B  16TCNTOL

HFFF6C GRAOH 16

HFFF6D  GRAOL

HFFF6E GRBOH 16

HFFF6F  GRBOL

HFFF70 16TCR1 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO 16-bittimer
HFFF71  TIOR1 8 — I0B2 0Bl  10BO  — I0A2  I0AL  l0A0  channell
HFFF72  16TCNTIH 16

HFFF73  16TCNTLL

HFFF74 GRAIH 16

HFFF75 GRALL

HFFF76 GRBIH 16

HFFF77 GRBIL

HFFF78 16TCR2 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO 16-bittimer
HFFF79  TIOR2 8 — I0B2 0Bl  10BO  — I0A2  I0AL  l0A0  channel2
HFFF7A  16TCNT2H 16

HFFF7B  16TCNT2L

HFFF7C GRA2H 16

HFFF7D GRA2L

HFFF7E GRB2H 16

HFFF7F  GRB2L
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Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module
Name

H'FFF80

8TCRO

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKS1

CKSO0

HFFF81

8TCR1

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKS1

CKSO0

HFFF82

8TCSRO

CMFB

CMFA

OVF

ADTE

OIS3

0O1S2

0OSs1

0S0

HFFF83

8TCSR1

CMFB

CMFA

OVF

ICE

0OIs3

0OIs2

Os1

0so0

HFFF84

TCORAO

H'FFF85

TCORA1

H'FFF86

TCORBO

H'FFF87

TCORB1

HFFF88

8TCNTO

H'FFF89

8TCNT1

|00 |00 (0O |00 (0O |00 |0 |00 |0

HFFF8A

H'FFF8B

8-bit timer
channels 0
and 1

HFFF8C

TCSR*

OVF

H'FFF8D

TCNT*

H'FFF8E

H'FFF8F

RSTCSR*

WRST

WDT

H'FFF90

8TCR2

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKS1

CKSO0

H'FFF91

8TCR3

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKS1

CKSO0

HFFF92

8TCSR2

CMFB

CMFA

OVF

0OIs3

0OIs2

Os1

0s0

H'FFF93

8TCSR3

CMFB

CMFA

OVF

ICE

OIS3

0O1S2

0OSs1

0S0

HFFF94

TCORA2

H'FFF95

TCORA3

H'FFF96

TCORB2

H'FFF97

TCORB3

HFFF98

8TCNT2

H'FFF99

8TCNT3

|00 |00 (0O |00 (0O |0 |CO |00 |0 |00

HFFF9A

H'FFF9B

8-bit timer
channels 2
and 3

HFFFOC

DADRO

H'FFF9D

DADR1

HFFF9E

DACR

DAOE1

DAOEO

DAE

H'FFF9F

D/A
converter
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Data

Bit Names

Address Register Bus Module
(Low) Name Width Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'FFFAO TPMR 8 — — — — G3NOV G2NOV GINOV GONOV TPC
H'FFFA1 TPCR 8 G3CMS1 G3CMSO G2CMS1 G2CMSO G1CMS1 G1CMSO GOCMS1 GOCMSO
H'FFFA2 NDERB 8 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS8
H'FFFA3 NDERA 8 NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO
H'FFFA4 NDRB* 8 NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8

NDR15 NDR14 NDR13 NDR12 — — — —
H'FFFA5 NDRA* 8 NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO

NDR7 NDR6 NDR5 NDR4 — — — —
H'FFFA6 NDRB* 8 — — — — — — — —

— — — — NDR11 NDR10 NDR9 NDR8
H'FFFA7 NDRA* 8 — — — — — — — —

— — — — NDR3 NDR2 NDR1 NDRO
H'FFFA8 — — — — — — — — —
H'FFFA9 — — — — — — — — —
H'FFFAA — — — — — — — — —
HFFFAB — — — — — — — — —
HFFFAC — — — — — — — — —
H'FFFAD — — — — — — — — —
H'FFFAE — — — — — — — — —
H'FFFAF — — — — — — — — —
H'FFFBO SMR 8 C/A CHR PE O/E STOP MP CKS1 CKSO0 SCI
HFFFB1 BRR 8 channel 0
H'FFFB2 SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FFFB3 TDR 8
H'FFFB4 SSR 8 TDRE RDRF ORER FER/ERS PER TEND MPB MPBT
H'FFFB5 RDR 8
H'FFFB6 SCMR 8 — — — — SDIR SINV — SMIF
H'FFFB7 Reserved area (access prohibited)
H'FFFB8 SMR 8 C/A CHR PE O/E STOP MP CKS1 CKSO SCI
HFFFB9 BRR 8 channel 1
H'FFFBA SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FFFBB TDR 8
H'FFFBC SSR 8 TDRE RDRF ORER FER/ERS PER TEND MPB MPBT
H'FFFBD RDR 8
H'FFFBE SCMR 8 — — — — SDIR SINV — SMIF
H'FFFBF Reserved area (access prohibited)
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Data

Bit Names

Address Register Bus Module
(Low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'FFFCO SMR 8 C/A CHR PE OfE STOP MP CKS1 CKSO0 SCI
HFFFC1 BRR 8 channel 2
HFFFC2 SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FFFC3 TDR 8
H'FFFC4 SSR 8 TDRE RDRF ORER FER/ER PER TEND MPB MPBT

S
H'FFFC5 RDR 8
H'FFFC6 SCMR 8 — — — — SDIR SINV — SMIF
H'FFFC7 Reserved area (access prohibited)
H'FFFC8 — — — — — — — — —
H'FFFC9 — — — — — — — — —
H'FFFCA — — — — — — — — —
H'FFFCB — — — — — — — — —
H'FFFCC — — — — — — — — —
H'FFFCD — — — — — — — — —
H'FFFCE — — — — — — — — —
H'FFFCF — — — — — — — — —
H'FFFDO P1DR 8 P1, P1, P1, P1, P1, P1, P1, P1, Port 1
HFFFD1 P2DR 8 P2, P2 P2, P2, P2 P2, P2, P2, Port 2
H'FFFD2 P3DR 8 P3, P3, P3, P3, P3, P3, P3, P3, Port 3
H'FFFD3 P4DR 8 P4, P4, P4, P4, P4, P4, P4, P4, Port 4
H'FFFD4 PS5DR 8 — — — — P5 PS5, P5, P5, Port 5
H'FFFD5 P6DR 8 P6, P6, P6, P6, P6, P8, P8, P8, Port 6
H'FFFD6 P7DR 8 P7, P7, P7, P7, P7, P7, P7, P7, Port 7
H'FFFD7 P8DR 8 — — — P8, P8 P8, P8, P8, Port 8
H'FFFD8 P9DR 8 — — P9, P9, P9, P9, P9, P9, Port 9
H'FFFD9 PADR 8 PA, PA, PA, PA, PA, PA, PA, PA, Port A
HFFFDA PBDR 8 PB, PB PB, PB, PB, PB, PB, PB, Port B
H'FFFDB — — — — — — — — —
H'FFFDC — — — — — — — — —
H'FFFDD — — — — — — — — —
H'FFFDE — — — — — — — — —
H'FFFDF — — — — — — — — —
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Data

Address Register Bus Bit Names Module
(Low) Name  Width Bit7  Bit6  Bit5  Bit4  Bit3  Bit2 Bit 1 Bit O Name
HFFFEO ADDRAH 8 AD9  AD8  AD7  AD6  AD5  AD4 AD3 AD2 AID
HFFFEL ADDRAL 8 AD1  ADO  — — — — — — converter
HFFFE2 ADDRBH 8 AD9  AD8  AD7 AD6  AD5  AD4 AD3 AD2

HFFFE3 ADDRBL 8 AD1  ADO  — — — — — —

HFFFE4 ADDRCH 8 AD9  AD8  AD7 AD6  AD5  AD4 AD3 AD2

HFFFE5 ADDRCL 8 AD1I  ADO  — — — — — —

HFFFE6 ADDRDH 8 AD9  AD8  AD7  AD6  AD5  AD4 AD3 AD2

HFFFE7 ADDRDL 8 AD1I  ADO  — — — — — —

HFFFES ADCSR 8 ADF  ADIE ADST SCAN CKS  CH2 CH1 CHO

H'FFFE9 ADCR 8 TRGE — — — — — — —

Note: * For write access to TCSR, TCNT, and RSTCSR, see section 12.2.4, Notes on Register
Access. The address depends on the output trigger setting.

[Legend]

WDT: Watchdog timer

TPC: Programmable timing pattern controller
SCI:  Serial communication interface
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B.2 Addresses(EMC =0)

Data
Address Register Bus Bit Names Module
(Low) Name  Width Bit7  Bit6  Bit5 Bit4  Bit3  Bit2 Bit 1 Bit O Name
HEEO0O PIDDR 8 P1,DDR P1DDR P1,DDR P1,DDR P1,DDR P1DDR P1DDR P1,DDR Port1
HEEO01 P2DDR 8 P2DDR P2DDR P2DDR P2DDR P2DDR P2,DDR P2DDR P2,DDR Port2
HEE002 P3DDR 8 P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR Port3
HEE003 P4DDR 8 PADDR P4DDR PADDR P4DDR P4DDR P4DDR P4DDR P4DDR Port4
HEE004 PSDDR 8 — — — — P5DDR P5DDR P5DDR P5DDR Port5
HEE005 P6DDR 8 — P6,DDR P6DDR P6DDR P6DDR P6DDR P6DDR P6DDR Port6
HEE006 — — — — — — — — —
HEE007 PSDDR 8 — — — P8,DDR P8DDR P8DDR P8DDR P8DDR Port8
HEEO08 PYDDR 8 — — P9.DDR P9DDR P9DDR P9,DDR P9DDR P9DDR Port9
HEE009 PADDR 8 PADDR PADDR PADDR PADDR PADDR PADDR PADDR PADDR PortA
HEEOOA PBDDR 8 PB,DDR PBDDR PBDDR PB,DDR PB,DDR PB,DDR PBDDR PBDDR PortB
HEEO0B — — — — — — — — —
HEEOOC — — — — — — — — —
HEEOOD — — — — — — — — —
HEEOOE — — — — — — — — —
HEEOOF — — — — — — — — —
HEEO10 — — — — — — — — —
HEEO11 MDCR 8 — — — — — MDS2 MDS1  MDSO  System
HEEO12 SYSCR 8 SSBY STS2 STS1  STSO  UE NMEG SSOE RAME control
H'EEO013 BRCR 8 A23E A22E A21E A20E — — — BRLE Bus controller
HEEO14 ISCR 8 — — IRQ5SC IRQ4SC IRQ3SC IRQ2SC IRQLSC IRQOSC  Interrupt
HEEO15 IER 8 — — IRO5E  IRQ4E IRQ3E IRQ2E  IRQIE  IRQOE  controller
HEEO16 ISR 8 — — IRQ5F IRQ4F IRQ3F IRQ2F IRQIF  IRQOF
HEEO17 — — — — — — — — —
HEEO18 IPRA 8 IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRA1  IPRAO
HEEO19 IPRB 8 IPRB7 IPRB6 IPRB5 — IPRB3 IPRB2 IPRB1  —
HEEOIA DASTCR 8 — — — — — — — DASTE  DIA converter
HEEOIB DIVCR 8 — — — — — — DIV1 DIVO System
HEEOIC MSTCRH 8 PSTOP — — — — MSTPH2 MSTPH1 MSTPHo ¢Ontrol
HEEOID MSTCRL 8 MSTPL7 — MSTPLS MSTPL4 MSTPL3 MSTPL2 — MSTPLO
H'EEOLE ADRCR 8 — — — — — — — ADRCTL Bus controller
HEEOIF CSCR 8 CS7TE CS6E CSS5E  CS4E — — — —
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B.2 Addresses(cont)

Data .
Address Register Bus Bit Names Module
(Low) Name Width Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
HEE020 ABWCR 8 ABW7 ABW6 ABW5 ABW4 ABW3 ABW2 ABWL1  ABWO  Bus
HEE021 ASTCR 8 AST7 AST6 AST5 AST4 AST3 AST2  ASTL  Asto  controller
HEE022 WCRH 8 W71 W70 W6l W60 W51 W50 w4l W40
HEE023 WCRL 8 W3l W30 W2l W20 Wil W10 wo1 W00
HEE024 BCR 8 ICISL  ICISO BROME BRSTS1 BRSTSO — RDEA  WAITE
HEE025 — — — — — — — — —
HEE026 DRCRA 8 DRAS2 DRAS1 DRASO — BE RDM  SRFMD RFSHE DRAM
HEE027 DRCRB 8 MXCL MXCO CSEL RCYCE — TPC RCW  RLW Interface
HEE028 RTMCSR 8 CMF  CMIE CKS2 CKS1 CKSO — — —
HEE029 RTCNT 8
HEEO2A RTCOR 8
HEE02B — — — — — — — — —
HEE02C — — — — — — — — —
HEE02D — — — — — — — — —
HEEO2E — — — — — — — — —
HEEO2F — — — — — — — — —
HEE030 — — — — — — — — —
HEE031 — — — — — — — — —
HEE032 — — — — — — — — —
HEE033 — — —
HEE034 — — — — — — — — —
HEE035 — — — — — — — — —
HEE036 — — — — — — — — —
HEE037 — — — — — — — — —
H'EE038 Reserved area (access prohibited)
H'EE039
HEE03A
HEE03B
HEE03C P2PCR 8 P2PCR P2PCR P2,PCR P2PCR P2PCR P2PCR P2PCR P2,PCR Port2
HEEO3D — — — — — — — — —
HEEO3E P4PCR 8 P4PCR P4PCR P4PCR P4PCR P4PCR PAPCR P4PCR P4PCR Port4d
HEEO3F P5PCR 8 — — — — P5PCR P5PCR P5PCR P5PCR Port5
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B.2 Addresses(cont)

Data
Address Register Bus
(Low) Name Width Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

Bit Names Module

HEE040 — — — — — — — — —

HEE041 — — — — — — — — —

HEE042 — — — — — — — — —

HEE043 — — — — — — — — —

HEE044 — — — - — — — — —

HEE045 — — — — — — — — —

HEE046 — — — — — — — — —

HEE047 — — — — — — — — —

HEE048 — — — — — — — — —

HEE049 — — — — — — — — —

HEEO4A — — — — — — — — —

HEE04B — — — — — — — — —

HEE04C — — — — — — — — —

HEE04D — — — — — — — — —

HEEO4E — — — — — — — — —

HEEO4F — — — — — — — — —

HEE050 — — — — — — — — —

HEE051 — — — — — — — — —

HEE052 — — — — — — — — —

HEE053 — — — — — — — — —

HEE054 — — — — — — — — —

HEE055 — — — — — — — — —

HEE056 — — — — — — — — —

HEE057 — — — — — — — — —

HEE058 — — — — — — — — —

HEE059 — — — — — — — — —

HEEO5A — — — — — — — — —

HEEO5B — — — — — — — — —

HEEO5C — — — — — — — — —

HEEOSD — — — — — — — — —

HEEOSE — — — — — — — — —

HEEOSF — — — — — — — — —
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B.2 Addresses(cont)

Address
(Low)

Data
Register Bus

Name width Bit7

Bit Names

Bit 6

Bit5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module
Name

H'EE060

H'EEO61

H'EE062

H'EE063

H'EE064

H'EE065

H'EE066

H'EE067

H'EE068

H'EE069

H'EEOGA

H'EEO6B

H'EEO6C

H'EEO6D

H'EEOGE

H'EEO6F

H'EEO70

H'EEO71

H'EEQ72

H'EEO73

H'EEO74

H'EEQ75

H'EEQ76

Reserved area (access prohibited)

H'EEO77

RAMCR 8

RAMS

RAM2

RAM1

Flash
memory*

H'EEO078

H'EEO079

H'EEO7A

H'EEO7B

H'EEO7C

H'EEO7D

H'EEO7E

H'EEO7F
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B.2 Addresses(cont)

Data
Address Register Bus
(Low) Name Width Bit7 Bit6é Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Name

Bit Names Module

HEE080 — — — — — — — — —

HEE081 — — — — — — — — —

HEE082 — — — — — — — — —

HEE083 — — — — — — — — —

HEE084 — — — — — — — — —

HEE085 — — — — — — — — —

HEE086 — — — — — — — — —

HEE087 — — — — — — — — —

HEE088 — — — — — — — — —

HEE089 — — — — — — — — —

HEEOBA — — — — — — — — —

HEEOSB — — — — — — — — —

HEE0BC — — — — — — — — —

HEEOSD — — — — — — — — —

HEEOBE — — — — — — — — —

HEEOSF — — — — — — — — —

H'EEO90 TCSR* 8 OVF WTIT TME — — CKS2 CKS1 CKsSO WDT

H'EE091 TCNT* 8

HEE092 — — — — — — — — —

H'EE093 RSTCSR* 8 WRST — — — —_ — — —

HEE094 — — — — — — — — —

HEE095 — — — — — — — — —

HEE096 — — — — — — — — —

HEE097 — — — — — — — — —

HEE098 — — — — — — — — —

HEE099 — — — — — — — — —

HEE09A — — — — — — — — —

HEE09B — — — — — — — — —

HEE09C — — — — — — — — —

HEEO9D — — — — — — — — —

HEEO9E — — — — — — — — —

HEEO9F — — — — — — — — —
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B.2 Addresses(cont)

Address
(Low)

Register
Name

Data
Bus

Bit Names

Module

Width Bit7 Bit 6

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Bit 0 Name

H'EEOAO

H'EEOA1

H'EEOA2

H'EEOA3

H'EEOA4

H'EEOA5

H'EEOAG6

H'EEOA7

H'EEOA8

H'EEOA9

H'EEOAA

H'EEOAB

H'EEOAC

H'EEOAD

H'EEOAE

H'EEOAF

H'EEOBO

FCCS

8

SCO Flash memory*

H'EEOB1

FPCS

8

PPVS

H'EEOB2

FECS

8

EPVB

H'EEOB3

Reserved area (access prohibited)

H'EEOB4

FKEY

K7 K6

K5 K4 K3 K2 K1

KO

H'EEOB5

FMATS

MS7 MS6

MS5 MSs4 MS3 MS2 MS1

MSO0

H'EEOB6

FTDAR

TDER TDAG

TDA5 TDA4 TDA3 TDA2 TDA1

TDAO

H'EEOB7

FVACR

FVCHGE —

—_ —_ FVSEL3 FVSEL2 FVSEL1

FVSELO

H'EEOBS8

FVADRR

H'EEOB9

FVADRE

H'EEOBA

FVADRH

H'EEOBB

FVADRL

o

H'EEOBC

Reserved area (access prohibited)

H'EEOBD

H'EEOBE

H'EEOBF
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B.2 Addresses(cont)

Data _
Address Register Bus Bit Names Module
(Low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'FFE80 MAROAR 8 DMAC channel 0A
H'FFE81 MAROAE 8
H'FFE82 MAROAH 8
H'FFE83 MAROAL 8
H'FFE84 ETCROAH 8
H'FFE85 ETCROAL 8
H'FFE86 IOAROA 8
H'FFE87 DTCROA 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short address mode

DTE DTSZ SAID SAIDE DTIE DTS2A DTS1A DTSOA Full address mode

H'FFE88 MAROBR DMAC channel 0B

H'FFE89 MAROBE

H'FFESA MAROBH

H'FFE8B MAROBL

H'FFE8C ETCROBH

H'FFESD ETCROBL

H'FFESE I0AROB

H'FFE8F DTCROB DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short address mode

DTME — DAID  DAIDE TMS DTS2B DTS1B DTSOB Full address mode
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B.2 Addresses(cont)

Data _

Address Register Bus Bit Names Module

(Low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

H'FFE90 MAR1AR 8 DMAC channel 1A

H'FFE91 MAR1AE 8

H'FFE92 MAR1AH 8

H'FFE93 MAR1AL 8

H'FFE94 ETCR1AH 8

H'FFE95 ETCR1AL 8

H'FFE96 |I0AR1A 8

H'FFE97 DTCR1A 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short address mode
DTE DTSZ SAID SAIDE DTIE DTS2A DTS1A DTSOA Full address mode

H'FFE98 MAR1BR 8 DMAC channel 1B

H'FFE99 MARIBE 8

H'FFE9A MAR1BH 8

H'FFE9B MARI1BL 8

H'FFE9C ETCR1BH 8

H'FFESD ETCRI1BL 8

H'FFE9E I10AR1B 8

H'FFEOF DTCR1B 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short address mode
DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full address mode
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B.2 Addresses(cont)

Data .
Address Register  Bus Bit Names Module
(Low) Name Width Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
HFFEAO TSTR 8 — — — — — STR2 STRL STRO  16-hittimer,
HFFEAL TSNC 8 — — — — — SYNC2 SYNC1 Synco (@l channels)
HFFEA2 TMDR 8 — MDF  FDIR — — PWM2 PWM1 PWMO
HFFEA3 TOLR 8 — — TOB2 TOA2 TOBL TOAL TOBO TOAO
HFFEA4 TISRA 8 — IMIEA2 IMIEAL IMIEAO — IMFA2  IMFAL  IMFAO
HFFEA5 TISRB 8 — IMIEB2 IMIEB1 IMIEBO — IMFB2  IMFB1  IMFBO
HFFEA6 TISRC 8 — OVIE2 OVIEL OVIEO — OVF2 OVFL  OVFO
HFFEA7 — — — — — — — — —
HFFEA8 TCRO 8 — CCLR1 CCLRO CKEGl CKEGO TPSC2 TPSCL TPSCO 16-bit timer
HFFEA9 TIORO 8 — IOB2  10BL  10BO  — I0OA2  10A1  lopo  channel0
HFFEAA 16TCNTOH 16
HFFEAB 16TCNTOL
HFFEAC GRAOH 16
HFFEAD GRAOL
HFFEAE GRBOH 16
HFFEAF GRBOL
HFFEBO TCR1 8 — CCLR1 CCLRO CKEGl CKEGO TPSC2 TPSCL TPSCO 16-bit timer
HFFEB1 TIOR1 8 — IOB2 10BL  10BO  — I0OA2  10A1  lopo  channell
HFFEB2 16TCNTIH 16
HFFEB3 16TCNTIL
HFFEB4 GRALH 16
HFFEB5 GRALL
HFFEB6 GRB1H 16
HFFEB7 GRBIL
HFFEB8 TCR2 8 — CCLR1 CCLRO CKEGl CKEGO TPSC2 TPSCL TPSCO 16-bit timer
HFFEBY TIOR2 8 — IOB2  10BL  10BO  — I0OA2  10A1  lopo  channel2

HFFEBA 16TCNT2H 16

H'FFEBB 16TCNT2L

HFFEBC GRA2H 16

HFFEBD GRA2L

H'FFEBE GRB2H 16

H'FFEBF GRB2L
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B.2 Addresses(cont)

Address
(Low)

Register
Name

Data
Bus
Width

Bit Names

Module

Bit 7

Bit 6

Bit5 Bit 4

Bit 3

Bit 2

Bit 1

Bit 0 Name

H'FFECO

8TCRO

CMIEB

CMIEA

OVIE CCLR1

CCLRO

CKS2

CKS1

CKSO0 8-bit timer

H'FFEC1

8TCR1

CMIEB

CMIEA

OVIE CCLR1

CCLRO

CKS2

CKS1

CKSO channels 0

H'FFEC2

8TCSRO

CMFB

CMFA

OVF ADTE

OIS3

01S2

0Os1

and 1
0Ss0

H'FFEC3

8TCSR1

CMFB

CMFA

OVF ICE

OISs3

0Is2

0Os1

0S0

HFFEC4

TCORAO

H'FFEC5

TCORA1

H'FFEC6

TCORBO

H'FFEC7

TCORB1

H'FFEC8

8TCNTO

H'FFEC9

8TCNT1

0 |00 |00 |00 |00 |00 (0O |00 |00 |00

H'FFECA

H'FFECB

H'FFECC

H'FFECD

H'FFECE

H'FFECF

H'FFEDO

8TCR2

CMIEB

CMIEA

OVIE CCLR1

CCLRO

CKS2

CKS1

CKSO0 8-bit timer

H'FFED1

8TCR3

CMIEB

CMIEA

OVIE CCLR1

CCLRO

CKS2

CKS1

CKSO0 channels 2

H'FFED2

8TCSR2

CMFB

CMFA

OVF —

OIS3

0O1S2

0Os1

0s0 and 3

H'FFED3

8TCSR3

CMFB

CMFA

OVF ICE

OISs3

0Is2

0Os1

0S0

H'FFED4

TCORA2

H'FFEDS

TCORA3

H'FFED6

TCORB2

H'FFED7

TCORB3

H'FFED8

8TCNT2

H'FFED9

8TCNT3

H'FFEDA

H'FFEDB

H'FFEDC

H'FFEDD

H'FFEDE

H'FFEDF
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B.2 Addresses(cont)

Data

Address Register Bus Bit Names Module
(Low) Name Wwidth Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'FFEEO SMR 8 C/A CHR PE O/E STOP MP CKS1 CKSO SCI
HFFEE1 BRR 8 channel 0
H'FFEE2 SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FFEE3 TDR 8
H'FFEE4 SSR 8 TDRE RDRF ORER FER/ERS PER TEND MPB MPBT
H'FFEE5 RDR 8
H'FFEE6 SCMR 8 — — — — SDIR SINV — SMIF
H'FFEE7 Reserved area (access prohibited)
H'FFEE8 SMR 8 C/A CHR PE O/E STOP MP CKS1 CKSO SCI
HFFEE9 BRR 8 channel 1
H'FFEEA SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FFEEB TDR 8
H'FFEEC SSR 8 TDRE RDRF ORER FER/ERS PER TEND MPB MPBT
H'FFEED RDR 8
H'FFEEE SCMR 8 — — — — SDIR SINV — SMIF
H'FFEEF Reserved area (access prohibited)
H'FFEFO SMR 8 C/A CHR PE O/E STOP MP CKS1 CKSO SCI
HFFEFL BRR 8 channel 2
H'FFEF2 SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FFEF3 TDR 8
H'FFEF4 SSR 8 TDRE RDRF ORER FER/ERS PER TEND MPB MPBT
H'FFEF5 RDR 8
H'FFEF6 SCMR 8 — — — — SDIR SINV — SMIF
H'FFEF7 Reserved area (access prohibited)
H'FFEF8 TPMR 8 — — — — G3NOV  G2NOV GINOV GONOV TPC
H'FFEF9 TPCR 8 G3CMS1 G3CMSO G2CMS1 G2CMSO G1CMS1 G1CMSO GOCMS1 GOCMSO0
H'FFEFA NDERB 8 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS8
H'FFEFB NDERA 8 NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO
H'FFEFC NDRB* 8 NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8

NDR15 NDR14 NDR13 NDR12 — — — —
H'FFEFD NDRA* 8 NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO

NDR7 NDR6 NDR5 NDR4 — — — —
H'FFEFE NDRB* 8 — — — — — — — —

— — — — NDR11 NDR10 NDR9 NDR8
H'FFEFF NDRA* 8 — — — — — — — —

— — — — NDR3 NDR2 NDR1 NDRO
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B.2 Addresses(cont)

Data .
Address Register Bus Bit Names Module
(Low) Name Width Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
HFFFEO ADDRAH 8 AD9  AD8  AD7  AD6  AD5  AD4 AD3 AD2 AID
HFFFEL ADDRAL 8 ADLI  ADO  — — — — — — converter
HFFFE2 ADDRBH 8 AD9  AD8  AD7  AD6  AD5  AD4 AD3 AD2
HFFFE3 ADDRBL 8 ADLI  ADO  — — — — — —
HFFFE4 ADDRCH 8 AD9  AD8  AD7  AD6  AD5  AD4 AD3 AD2
HFFFE5 ADDRCL 8 ADLI  ADO  — — — — — —
HFFFE6 ADDRDH 8 AD9  AD8  AD7  AD6  AD5  AD4 AD3 AD2
HFFFE7 ADDRDL 8 ADLI  ADO  — — — — — —
HFFFES ADCSR 8 ADF  ADIE  ADST SCAN CKS  CH2 CH1 CHo
HFFFE9 ADCR 8 TRGE — — — — — — —
HFFFEA — — — — — — — — —
HFFFEB — — — — — — — — —
HFFFEC DADRO 8 DIA
HFFFED DADRL 8 converter
HFFFEE DACR 8 DAOEL DAOE0 DAE  — — — — —
HFFFEF — — — — — — — — —
HFFFFO PIDR 8 P1, P1, P1, P1, P1, P1, P1, P1, Port 1
HFFFFL P2DR 8 P2, P2, P2, P2, P2, P2, P2, P2, Port 2
HFFFF2 P3DR 8 P3, P3, P3, P3, P3, P3, P3, P3, Port 3
HFFFF3 P4DR 8 P4, P4, P4, P4, P4, P4, P4, P4, Port 4
HFFFF4 P5DR 8 — — — — PS5, PS5, P5, P5, Port 5
HFFFF5 P6DR 8 P6, P6, P6, P6, P6, P6, P6, P6, Port 6
HFFFF6 P7DR 8 P7, P7, P7, P7, P7, P7, P7, P7, Port 7
HFFFF7 PS8DR 8 — — — P8, P8, P8, P8, P8, Port 8
HFFFF8 P9DR 8 — — P9, P9, P9, P9, P9, P9, Port 9
HFFFF9 PADR 8 PA, PA, PA, PA, PA, PA, PA, PA, Port A
HFFFFA PBDR 8 PB, PB, PB, PB, PB, PB, PB, PB, Port B
HFFFFB  — — — — — — — — —
HFFFFC — — — — — — — — —
HFFFFD — — — — — — — — —
HFFFFE — — — — — — — — —
HFFFFF  — — — — — — — — —

Note: * For write access to TCSR, TCNT, and RSTCSR, see section 12.2.4, Notes on Register
Access. The address depends on the output trigger setting.

[Legend]

WDT: Watchdog timer

TPC: Programmable timing pattern controller
SCI:  Serial communication interface
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B.3

Initial bit values —

Possible types of
access

R
W
R/W

Read only

Write only

Read and write

Functions

Register abbreviation

Address to which register

Name of on-chip

supporting module

Timer overflow interrupt enable

0 [Interrupt requested by OVF flag is disabled

1

Interrupt requested by OVF flag is enabled

Output compare interrupt B enable
0

1

Interrupt requested by OCFB flag is disabled

Interrupt requested by OCFB flag is enabled

Output compare interrupt A enable
0
1

Interrupt requested by OCFA flag is disabled
Interrupt requested by OCFA flag is enabled

Input capture interrupt D enable
0
1

Interrupt requested by ICFD flag is disabled
Interrupt requested by ICFD flag is enabled

Note: * When the EMC bit in BCR is cleared to 0, addresses of some registers are changed.

RENESAS

Bit numbers

i %
|— Register name is mapped |—
TIiER—Timer Interrupt Enable Register | H"90| FRT
[

Bit 7 6 3 2 1 0
- [ iciae | iciee | icice [ ocipe| ociag [ ocige | ovie | — | =
Initial value 0 0 0 0 0 1 1 1

RW: RW RW RW RW RW RW RW

Names of the bits.

Dashes (—) indicate
reserved bits.

Full name of bit

Descriptions of
bit settings
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P1DDR—Port 1 Data Direction Register

] H'EE000

Bit 7 6 5

3

| P17DDR| P16DDR| P15DDR| P14DDR| P13DDR| P12DDR| P11DDR| P10DDR|

Initial value 1 1 1

Modes 1 to 4 {Read/Write _ _ _ _ _

Initial value 0 0 0
Modes 5, 7 {Read/Write w W w

Port 1 input/output select

0

Generic input

1

Generic output

P2DDR—Port 2 Data Direction Register

] H'EE001

Bit 7 6 5

4 3

| P27DDR| P26DDR| P25DDR| P24DDR| P23DDR| P22DDR| P21DDR| P20DDR|

0 0
w w

Initial value 1 1 1

Modes 1 to 4 Read/Write —_ —_— —_ —_— —_—
Initial value 0 0 0
Modes 5, 7 {Read/Write W W W

Port 2 input/output select

0

Generic input

1

Generic output
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P3DDR—Port 3 Data Direction Register ] H'EE002 \ Port 3

Bit 7 6 5 4 3 2 1 0
| P37DDR| P36DDR| P35DDR| P34DDR| P33DDR| P32DDR| P31DDR| P30DDR|
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W W W W W
Port 3 input/output select
0 | Generic input
1 [ Generic output
P4DDR—Port 4 Data Direction Register ] H'EE003 \ Port 4
Bit 7 6 5 4 3 2 1 0
| P47DDR| P46DDR| P45DDR| P44DDR| P43DDR| P42DDR| P41DDR| P40DDR|
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W W W W W

Port 4 input/output select

0 | Generic input

1 [ Generic output
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P5DDR—Port 5 Data Direction Register ] H'EE004 \ Port 5

Bit 7 6 5 4 3 2 1
| — | — | — | — |P53DDR|P52DDR| P51DDR| P50DDR|

Initial value 1 1 1 1 1 1 1 1
Modes 110 4 { paad/Write ~ —— __ _ _ _ __ __ _
Initial value 1 1 1 1 0 0 0 0
Modes 5, 7 {Read/Write _ _ _ _ w w w w
Port 5 input/output select
0 | Generic input pin
1 | Generic output pin
P6DDR—Port 6 Data Direction Register ] H'EE005 \ Port 6
Bit 7 6 5 4 3 2 1 0
| E— | F’GGDDR| P65DDR| P64DDR| P63DDR| P62DDR| P61DDR| P6oDDR|
Initial value 1 0 0 0 0 0 0 0
Read/Write I w W W \W w W w

Port 6 input/output select

0 [ Generic input

1 [ Generic output
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P8DDR—Port 8 Data Direction Register

] H'EE007 \ Port 8

Bit 7 6 5 4

3 2 1 0

| e | —_— | —_— |P84DDR|P83DDR|P82DDR| P81DDR| P80DDR|

Initial value 1 1 1 1

Modes 110 4 { Read/write ~ —— — — w
Initial value 1 1 1 0

Modes 5, 7 {Read/Write —_ _— E— W

<o so
so so
so so
so so

Port 8 input/output select

0 [ Generic input

1 |[Generic output

RENESAS

Rev. 5.0, 09/04, page 829 of 978




PO9DDR—Port 9 Data Direction Register ] H'EE008 \ Port 9

Bit 7 6 5 4 3 2 1 0
| e | I |P95DDR| P94DDR| P93DDR| P92DDR| P91DDR| P9ODDR|

Initial value 1 1 0 0 0 0 0 0
Read/Write J— JE— W W W W W W
Port 9 input/output select
0 | Generic input
1 | Generic output
PADDR—Port A Data Direction Register ] H'EE009 \ Port A
Bit

| PA7DDR| PAGDDR| PA5DDR| PA4DDR| PA3DDR| PAzDDR| PA1DDR| PAoDDR|

Initial value 1
Modes 3, 4 { Read/write ~——

Modes | Initial value 0
1,2,5,7 |Read/Write w

So so
fo so
so so
so so
So so
$o so
So so

Port A input/output select

0 | Generic input

1 | Generic output

PBDDR—Port B Data Direction Register ] H'EE00A \ Port B

Bit 7 6 5 4 3 2 1 0
| PB7DDR| PBGDDR| PBSDDR| PB4DDR| PBsDDR| PBZDDR| PBlDDR| PBODDR|

Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w W W w W

Port B input/output select

0 | Generic input

1 | Generic output
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MDCR—Mode Control Register ‘ H'EEO11 ‘ System control

Bit 7 6 5 4 3 2 1 0
| | | | | | MDS2 | MDSl| MDSO |

Initial value 1 1 0 0 0 * * *
Read/Write R R R

Mode select 2to 0

Bit 2 Bit 1 Bit 0
! ! ! Operating Mode
MD2 MD1 MDo
0
0
1 Mode 1
0
1 0 Mode 2
1 Mode 3
0 0 Mode 4
1 Mode 5
1
0
1
1 Mode 7

Note: * Determined by the state of the mode pins (MD, to MDy).
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SYSCR—System Control Register ‘ H'EEO012 ‘ System control

Bit 7 6 5 4 3 2 1 0
| SSBY | STS2 | STS1 | STSO | UE | NMIEG| SSOE | RAME |
Initial value 0 0 0 0 1 0 0 1

Read/Write R/IW R/W R/W R/W RIW R/W RIW R/IW

[
RAM enable

0 On-chip RAM is disabled
1 On-chip RAM is enabled

Software standby output port enable

In software standby mode,
all address bus and bus
control signals are high-
impedance

In software standby mode,
address bus retains output
1 |state and bus control
signals are fixed high

NMI edge select

0 An interrupt is requested at the falling edge of NMI

1 An interrupt is requested at the rising edge of NMI

User bit enable
0 | CCR bit 6 (Ul) is used as an interrupt mask bit
1 CCR bit 6 (Ul) is used as a user bit

Standby timer select 2 to 0

Bit 6 Bit 5 Bit 4 Standby Timer
STS2 | STS1 | STSO
0 Waiting Time = 8,192 states
0 0 1 Waiting Time = 16,384 states
0 Waiting Time = 32,768 states
1 1 Waiting Time = 65,536 states
0 Waiting Time = 131,072 states
1 0 1 Waiting Time = 26,2144 states
1 0 Waiting Time = 1,024 states
1 lllegal setting
Software standby

0 SLEEP instruction causes transition to sleep mode
1 SLEEP instruction causes transition to software standby mode
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BRCR—Bus Release Control Register ‘ H'EEO013 Bus controller

Bit 7 6 5 4 3 2 1 0
| A23E | A22E | A21E | A20E | —_— | —_— | — | BRLE |
Modes Initial value 1 1 1 1 1 1 1 0
1,2,7 Read/Write =~ —— e B B B B e R/W
Modes Initial value 1 1 1 0 1 1 1 0
3,4 Read/Write R/W R/W R/W —_— —_— —_— —_— R/W
Mode 5 Initial value 1 1 1 1 1 1 1 0
Read/Write R/W R/W R/W R/W — — —_— R/W
Address 23 to 20 enable Bus release enable
0 |Address output The bus cannot be
- 0 |released to an
1 | Other input/output external device
The bus can be
1 |released to an
external device
ISCR—IRQ Sense Control Register ‘ H'EEO14 ’ Interrupt Controller
Bit 7 6 5 4 3 2 1 0
| _— | _— | IRQ5SC | IRQ4SC| IRQ3SC| IRQZSC| IRQlSC| IRQOSC |
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IRQs to IRQo sense control

0 | Interrupts are requested when IRQs to IRQo are low

1 |Interrupts are requested by falling-edge input at IRQs to IRQo
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IER—IRQ Enable Register ’ H'EEO15 ’ Interrupt Controller

Bit 7 6 5 4 3 2 1 0
| —_— | —_— | IRQ5E | IRQ4E| IRQ3E | IRQ2E| IRQ1E| IRQOE |

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IRQs to IRQo enable
0 |IRQsto IRQo interrupts are disabled

1 |IRQs to IRQo interrupts are enabled

ISR—IRQ Status Register ‘ H'EEQ16 ‘ Interrupt Controller

Bit 7 6 5 4 3 2
| J— | J— | IRQ5F| IRQ4F| IRQ3F| IRQ2F| IRQ1F| IRQOF|

Initial value 0 0 0 0 0 0 0 0
Read/Write =~ —— _ R/(W)*  R/(W)* R/(W)* RI(W)* RI(W)* R/I(W)*

IRQS5 to IRQO flags

Bits 5t0 0 ) ! .
Setting and Clearing Conditions

IRQS5F to IRQOF

[Clearing conditions]

* Read IRQnF when IRQNnF = 1, then write 0 in IRQNF.

« IRQNSC =0, IRQn input is high, and interrupt exception
handling is being carried out.

« IRQNSC =1 and IRQn interrupt exception handling is being

carried out.

[Setting conditions]
1 ¢ IRQNSC =0 and IRQn input is low.
« IRQNSC =1 and IRQn input changes from high to low.

(n=5t00)

Note: * Only 0 can be written, to clear the flag.
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IPRA—Interrupt Priority Register A ‘ H'EEO18 ’ Interrupt Controller

Bit 7
| IPRA7 | IPRAG | IPRAS | IPRA4 | IPRA3 | IPRA2 | IPRA1| IPRAO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/IW R/W R/W R/W R/W R/IW
Priority level A7 to AO
0 | Priority level O (low priority)
1 | Priority level 1 (high priority)
« Interrupt sources controlled by each bit
Bit Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
I
IPRA7 IPRAG IPRAS IPRA4 IPRA3 IPRA2 IPRAL IPRAO
PRA IRQo IRQ1 IRQ2, IRQ4, |WDT, 16-bit 16-bit  |16-bit
Interrupt IRQ3 IRQs DRAM timer timer timer
source interface, [channel 0| channel 1|channel 2
AID
converter
IPRB—Interrupt Priority Register B I H'EE019 I Interrupt Controller
Bit 7 6 5 4 3 2 1
| IPRB7 | IPRB6 | IPRB5 | | IPRB3 | IPRB2 | IPRBl| —|
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
I I
I
Priority level B7 to B5, B3 to B1
0 | Priority level O (low priority)
1 | Priority level 1 (high priority)
« Interrupt sources controlled by each bit
Bit Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IPRB7 IPRB6 IPRB5 IPRB3 IPRB2 IPRB1
IPRB 8-bit timer|8-bit timer| Scl SCl SCl
Interrupt| - (nels |channels channel 0 |channel 1|channel 2
source
Oand1l |2and3

RENESAS
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DASTCR—D/A Standby Control Register H'EEO1A D/IA

Bit 7 6 4 3 2 1 0
| — [ — 1 — 11— —1[— [ — [ossre]
Initial value 1 1 1 1 1 1 0
Read/Write R/W

D/A standby enable

0

D/A output is disabled in software standby mode (Initial value)

1

D/A output is enabled in software standby mode

Rev. 5.0, 09/04, page 836 of 978

RENESAS




DIVCR—Division Control Register ‘ H'EEO1B ‘ System control

Bit 7 6 5 4 3 2 1 0
| — |l —]—[—]—[—[ow]ow|
Initial value 1 1 1 1 1 1 0 0
Read/Write R/W R/W
Divide 1 and 0
Bit 1 Bit 0
! ! Frequency Division Ratio
DIV1 DIVO
0 1/1 (Initial value)
0
1 1/2
0 1/4
1
1 1/8
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MSTCRH—Module Standby Control Register H ’ H'EEO1C ‘ System control

Bit 7 6 5 4 3 2 1 0
| PSTOP | — | — | — | — |MSTPH2| MSTPH1| MSTPHO|
Modes | Initial value 0 1 1 1 1 0 0 0
1005 | Readiwite  R/W - — — — RIW RW  RW
Mode 7 { Initial value 1 1 1 1 1 0 0 0
Read/Write R/W - - - - R/W R/W R/W
Module standby H2 to HO
Selection bits for placing modules
in standby state.
Reserved bits
@clock stop
Enables or disables ¢ clock output.
MSTCRL—Module Standby Control Register L ’ H'EEO01D ‘ System control
Bit 7 6 5 4 3 2 1 0
| MSTPL7| — | MSTPL5| MSTPL4| MSTPL3|MSTPL2 | — | MSTPLO|
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Module standby L7, L5to L2, LO
Selection bits for placing modules
in standby state.

Reserved bits
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ADRCR—Address Control Register ’ H'EEOLE ‘ Bus controller

Bit 7 6 5 4 3 2 1 0
I R e e =

Initial value 1 1 1 1 1 1 1 1

Read/Write — — — — — — — R/W
Reserved bits Address control

Selects address update
mode 1 or address
update mode 2.

ADRCTL Description
0 Address update mode 2 is selected
1 Address update mode 1 is selected (Initial value)
CSCR—Chip Select Control Register ’ H'EEOQ1F ‘ Bus controller
Bit 7 6 5 4 3 2 1 0

| CS7E | CS6E | CSSE| CS4E | | | | |

Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W

Chip select 7 to 4 enable

Bit n -
Description
CSnE
0 Output of chip select signal CSn is disabled (Initial value)
1 Output of chip select signal CSn is enabled
(n=7to4)
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ABWCR—Bus Width Control Register ‘ H'EE020 ’ Bus controller

Bit 7 6 5 4 3 2 1 0
| ABW7 | ABW6 | ABW5 | ABWA4 | ABW3 | ABW2 | ABW1 | ABWO |

Modes 1, 3,5, 7 Initial value 1 1 1 1 1 1 1 1
Modes 2, 4 Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Area 7 to 0 bus width control

Bits 7 to 0
ABW7 Bus Width of Access Area
to ABWO
0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to O are 8-bit access areas
ASTCR—Access State Control Register ‘ H'EEO21 ’ Bus controller
Bit 7 6 5 4 3 2 1 0

| AST7 | AST6 | AST5 | AST4 | AST3 | AST2 | AST1 | ASTO |

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Area 7 to 0 access state control

Bits 7 to 0
AST7 Number of States in Access Area
to ASTO
0 Areas 7 to 0 are two-state access areas
1 Areas 7 to 0 are three-state access areas
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WCRH—Wait Control Register H ‘ H'EE022 ‘ Bus controller

Bit 7 6 5 4 3 2 1 0
’ w71 ‘ W70‘ W61‘ WGO‘ W51‘ WSO‘ W41‘ W40‘

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

|

Area 4 wait control 1 and 0

0 | No program wait is inserted
0 1 | 1 program wait state is inserted

0 | 2 program wait states are inserted
! 1 | 3 program wait states are inserted

Area 5 wait control 1 and 0

0 | No program wait is inserted

0 1 | 1 program wait state is inserted

1 0 | 2 program wait states are inserted
1 | 3 program wait states are inserted

Area 6 wait control 1 and O

0 | No program wait is inserted
0 1 | 1 program wait state is inserted

0 | 2 program wait states are inserted
! 1 | 3 program wait states are inserted

Area 7 wait control 1 and 0

0 | No program wait is inserted

0 1 | 1 program wait state is inserted

1 0 | 2 program wait states are inserted
1 | 3 program wait states are inserted
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WCRL—Wait Control Register L

] H'EE023

‘ Bus controller

Bit 7 6 5

4 3 2 1

0

| W31 | W30 | W21| W20| W11| W10| W01| WO00 |

Initial value 1 1 1

Read/Write R/W R/W R/W

1 1 1 1
R/IW R/IW R/IW R/IW

1
R/IW

Area 0 wait control 1 and 0

0 [No program wait is inserted

1 program wait state is inserted

1
0 |2 program wait states are inserted
1

3 program wait states are inserted

Area 1 wait control 1 and O

0 |[No program wait is inserted

0

1 |1 program wait state is inserted

0 |2 program wait states are inserted
1 - -

1 |3 program wait states are inserted

Area 2 wait control 1 and 0

0 |[No program wait is inserted
0 1 |1 program wait state is inserted

0 |2 program wait states are inserted
1 1 |3 program wait states are inserted

Area 3 wait control 1 and O

0 | No program wait is inserted
0 1 |1 program wait state is inserted

0 |2 program wait states are inserted
! 1 |3 program wait states are inserted
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BCR—Bus Control Register ‘ H'EE024 ‘ Bus controller

Bit 7 6 5 4 3 2 1 0
| ICIS1 | ICISO |BROME|BRSTSl| BRSTSO| EMC | RDEA | WAITE|

Initial value 1 1 0 0 0 1 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

J Wait pin enable

0 [ WAIT pin wait input is disabled

1 | WAIT pin wait input is enabled

Area division unit select

0 | Area divisions are as follows:
Area0: 2 MB  Area 4:1.93 MB
Area1l:2 MB Area5:4kB
Area2: 8 MB  Area 6: 23.75 kB
Area3:2MB Area7:22B

1 |[Areas 0to 7 are the same size
(2 MB)

Expansion memory map control

Memory map in figure 3.2 in section 3.6 (Memory Map

0 in Each Operating Mode)

Memory map in figure 3.1 in section 3.6 (Memory Map
in Each Operating Mode)

Burst cycle select 0

0 | Max. 4 words in burst access

1 |[Max. 8 words in burst access

Burst cycle select 1

0 | Burst access cycle comprises 2 states

1 | Burst access cycle comprises 3 states

Burst ROM enable

0 |[Area0is a basic bus interface area

1 |AreaO0is aburst ROM interface area

Idle cycle insertion O

0 |[Noidle cycle is inserted in case of consecutive external read and write cycles

1 |Idle cycle is inserted in case of consecutive external read and write cycles

Idle cycle insertion 1

0 [Noidle cycle is inserted in case of consecutive external read cycles for different areas

1 |Idle cycle is inserted in case of consecutive external read cycles for different areas
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DRCRA—DRAM Control Register A \ H'EE026 ] DRAM interface

Bit 7 6 5 4 3 2 1 0
[DRAS2|DRAS1[DRASO| — | BE | RDM |SRFMD|RFSHE]

Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W —_ R/W R/W R/W R/W

Refresh pin enable

0 | RFSH pin refresh signal output is disabled

1 |RFSH pin refresh signal output is enabled

Self-refresh mode
0 |DRAM self-refreshing is disabled in

software standby mode

1 |DRAM self-refreshing is enabled

in software standby mode
RAS down mode
0 [DRAM interface: RAS up mode selected
1 |DRAM interface: RAS down mode selected

Burst access enable

0 [Burst disabled (always full access)
1 |DRAM space access performed in fast page mode
DRAM area select
DRAS2 |DRAS1 |DRASO| Area5 Area 4 Area 3 Area 2
0 0 0 Normal Normal Normal Normal
1 Normal Normal Normal | DRAM space
(Csy)
1 0 Normal Normal |DRAM space| DRAM space
(CSy) (CS,)
1 Normal Normal DRAM space(CS,)*
1 0 0 Normal |DRAM space| DRAM space| DRAM space
(CSy) (CSy) Sy
1 DRAM space DRAM space | DRAM space| DRAM space
(CSy) (CS,) (CSy) (CS,)
1 0 DRAM space(CS,)* DRAM space(CS,)*
1 DRAM space(CS,)*

Note: *A single CSn pin serves as a common RAS output pin for a number of
areas. Unused CSn pins can be used as input/output ports.
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DRCRB—DRAM Control Register B ] H'EE027 \ DRAM interface

Bit 7 6 5 4 3 2 1 0
[ mxc1 | mxco | cseL [reyce] — | TPc | Row [ RLW |
Initial value 0 0 0 0 1 0 0 0
Read/Wrte ~RW RW RW RW — RW RW RW

[

Refresh cycle wait control

0 |Wait state (Tg,,) insertion is disabled

1 |1 wait state (Tg,) is inserted

RAS-CAS wait
0 | Wait state (T,,) insertion is disabled

1 | 1 wait state (T,,) is inserted

TP cycle control

0 [1-state precharge cycle is inserted

1 |2-state precharge cycle is inserted

Refresh cycle enable

0 |Refresh cycles are disabled

1 |DRAM refresh cycles are enabled

CAS output pin select
0 [PB4 and PBS5 selected as UCAS and LCAS output pins
1 |HWR and LWR selected as UCAS and LCAS output pins

Multiplex control 1 and 0

MXC1 [ MXCO Description
0 0 Column address: 8 bits
Compared address:
Modes 1, 2 8-bit access space A to Ag
16-bit access space A to Ay
Modes 3, 4,5 8-bit access space A, t0 Ag
16-bit access space A to Ay

1 Column address: 9 bits
Compared address:

Modes 1, 2 8-bit access space A to Ay
16-bit access space Ato Ay
Modes 3, 4, 5 8-bit access space A t0 Ay
16-bit access space A to A
1 0 Column address: 10 bits
Compared address:
Modes 1, 2 8-bit access space Ayto Ay
16-bit access space Agto A,
Modes 3, 4,5 8-bit access space A to Ay
16-bit access space A to A
1 lllegal setting
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RTMCSR—Refresh Timer Control/Status Register B ’ H'EE028 ‘ DRAM interface

Bit 7 6 5 4 3 2 1 0
| cMF | cMiE [cks2 [ckst|ckso| — | — | — |
Initial value 0 0 0 0 0 1 1 1

Read/Write RI(W)*  R/W R/W R/W R/W — — —

Refresh counter clock select

CKS2 | CKS1 | CKSO Description
0 0 0 Count operation halted
1 @2 used as counter clock
1 0 (/8 used as counter clock
1 @32 used as counter clock
1 0 0 (/128 used as counter clock
1 @512 used as counter clock
1 0 /2048 used as counter clock
1 (/4096 used as counter clock

Compare match interrupt enable

0 The CMI interrupt requested by the CMF flag is disabled

1 The CMI interrupt requested by the CMF flag is enabled

Compare match flag

0 [Clearing conditions]
« Cleared by a reset and in standby mode
« Cleared by reading CMF when CMF = 1, then writing 0 in CMF

1 [Setting condition]
When RTCNT = RTCOR

Note: * Only O can be written to clear the flag.
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RTCNT—Refresh Timer Counter ’ H'EEO029 ‘ DRAM interface

Bit 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/IW R/IW R/W R/W R/W R/W

Incremented by internal clock selected
by bits CKS2 to CKS0 in RTMCSR

RTCOR—Refresh Time Constant Register ’ H'EEO2A ‘ DRAM interface
Bit 7 6 5 4 3 2 1 0
. [ rr r [ [ |
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT compare match period

Note: Only byte access can be used on this register.
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P2PCR—Port 2 Input Pull-Up Control Register ] H'EE03C \ Port 2

Bit 7 6 5 4 3 2 1
| P27PCR| P26PCR| P25PCR| P24PCR| P23PCR| P22PCR| P21PCR| PZOPCR|

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 input pull-up control 7 to O

0 | Input pull-up transistor is off

1 |Input pull-up transistor is on

Note: Valid when the corresponding P2DDR bit is cleared to O
(designating generic input).
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P4PCR—Port 4 Input Pull-Up Control Register ] H'EEO3E \ Port 4
Bit 7 6 5 4 3 2 1 0
| P47PCR| P46PCR| P45PCR| P44PCR| P43PCR| P42PCR| P41PCR| P40PCR|
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Read/Write ‘

Port 4 input pull-up control 7 to 0

0 | Input pull-up transistor is off

1 | Input pull-up transistor is on

Note: Valid when the corresponding PADDR bit is cleared to O
(designating generic input).

P5PCR—Port 5 Input Pull-Up Control Register ] H'EEO3F \ Port 5
Bit 7 6 5 4 3 2 1 0
| | | P53PCR| P52PCR| P51PCR| P50PCR|
Initial value 1 1 1 1 0 0 0 0
Read/Write R/W R/IW R/W R/IW

Port 5 input pull-up control 3 to 0

0 [ Input pull-up transistor is off

1 [ Input pull-up transistor is on

Note: Valid when the corresponding P5DDR bit is
cleared to O (designating generic input).
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RAMCR — RAM Control Register \ H'EE077 \ Flash Memory

Bit 7 6 5 4 3 2 1 0
| _ \ — \ _ \ — \ RAMS \ RAM2 \ RAM1 \ RAMO |
Modes Initial value 1 1 1 1 0 0 0 0
1t04  RW _ _ _ — R R R —
Modes Initial value 1 1 1 1 0 0 0 0
57 RIW — — — —  RMW* RMW* RMW* R

Reserved bits

RAM select, RAMS to RAMO

Bit 3

Bit2 | Bitl | BitO .
RAM Area RAM Emulation Status

RAMS

RAM2|RAM1|RAMO

0

0/1 0/1 0/1 | H'FFFFEOOO to H'FFFFEFFF | Emulation

1

0 0 H'00000000 to H'00000FFF | Mapping RAM
H'00001000 to H'00001FFF
H'00002000 to H'00002FFF
H'00003000 to H'00003FFF
H'00004000 to H'00004FFF
H'00005000 to H'00005FFF
H'00006000 to H'00006FFF
H'00007000 to H'00007FFF

=
o
RPl|O|lR|O|RP|O|FR]|O

Note: *

In user boot mode, flash memory emulation by RAM is not
supported; these bits can be modified, but must not be set to 1.
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FCCS—Flash Code Control Status Register ‘ H'EEOBO ‘ Flash Memory

Bit 7 6 5 4 3 2 1 0
| e | — | — | mem | — | — | — | sco |
Initial value 1/0 0 0 0 0 0 0 0
Read/Write R R R R R R R (RYW
Reserved bits Reserved bits

[
Source program copy operation

0 | On-chip programming/erase control program is
not downloaded to on-chip RAM (Initial value)
[Clearing condition] When download has finished

1 Request to download on-chip programming/erase

control program to on-chip RAM is generated

[Setting conditions] When 1 is written while all of

the following conditions are satisfied

* H'AS5 is written to FKEY

« Program being executed is in on-chip RAM

« Not in RAM emulation mode (RAMS in RAMER
is 0)

Flash memory error

0 Flash memory operates normally.
Program/erase protection (error protection) for flash memory is disabled.
[Clearing condition] Power-on reset or in hardware standby mode

1 | Erroe occurred during programming/erasing of flash memory.
Program/erase protection (error protection) for flash memory is enabled.
[Setting conditions] See section 18.6.3, Error Protection

Flash write enable

0 |Low level is input to FWE pin (hardware-protection state)
1 |High level is input to FWE pin
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FECS—Flash Erase Code Register ‘ H'EEOB2 ‘ Flash Memory

Bit 7 6 5 4 3 2 1 0

| — [ — ] — =1 =[] — 1] —|c¢w|
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R/W

Reserved bits

[
Erase pulse verify block

0 On-chip erase program is not selected (Initial value)
[Clearing condition] When transfer has finished

1 On-chip erase program is selected

FPCS—Flash Program Code Select Register ‘ H'EEOB1 ‘ Flash Memory
Bit 7 6 5 4 3 2 1 0
[ — |l — [ —[ =] —=1]—=—1—1[F°es|
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R RIW

Reserved bits

[
Program pulse verify block

0 | On-chip programming control program is not selected (Initial value)
[Clearing condition] When transfer has finished

1 On-chip programming control program is selected
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FKEY—Flash Key Code Register ‘ H'EEOB4 Flash Memory

Bit 7 6 5 4 3 2 1 0
| K7 | K6 | K5 | K4 | K3 | K2 | K1 | KO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Key code

H'A5 | Write to SCO bit is enabled (SCO bit can be set only when FKEY is H'A5)
H'5A | Programming/erase is enabled (software-protection state when FKEY is not H'5A)

H'00 | Initial value

FMATS—Flash Mat Select Register ‘ H'EEOB5 ‘ Flash Memory
Bit 7 6 5 4 3 2 1 0
| MS7 | MS6 | MS5 | MS4 | MS3 | MS2 | MS1 | MSO0 |
Initial value 0 0 0 0 0 0 0 0 (Mode other than user boot mode)
Initial value 1 0 1 0 1 0 1 0  (User boot mode)
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Mat select

User boot mode is selected (user mat selection when FMATS is not H'AA).
Initial value when started up in user boot mode.

H'00 | Initial value when not started up in user boot mode (user mat selection)
[Programmable condition] Program being executed is in on-chip RAM

HAA
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FTDAR—Flash Transfer Destination Address Register ‘ H'EEOB6 Flash Memory

Bit 7 6 5 4 3 2 1 0
| TDER | TDA6 | TDAS | TDA4 | TDA3 | TDA2 | TDA1 | TDAO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Transfer Destination Address

Bit 6 to 0 -
Description
TDAG6 to TDAO
H'00 Sets download start address to H'FFEF20 (Initial value)
H'01 Sets download start address to H'FFDF20
H'02 Sets download start address to H'FFCF20
H'03 Sets download start address to H'FFBF20
H'04 to H'FF | These settings should not be used. Using one of these settings will
cause bit 7 (TDER) to be set to 1, halting download processing.

Transfer Destination Address Setting Error
0 | TDAG to TDAO set to normal values (Initial setting)
1 [Indicates that the setting values of TDER and TDAG6 to TDAO are in the
range H'04 to H'FF, causing the download to halt.
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FVACR—Flash Vector Address Control Register ‘ H'EEOB7 ‘ Flash Memory

Bit 7 6 5 4 3 2 1 0

| FVCHGE| —_— | —_— | —_— | FVSEL3 | FVSEL2 | FVSEL1 | FVSELO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bits

[
Interrut source selection

Bit 3 Bit 2 Bit 1 Bit 0 e
Description
FVSEL3|FVSEL2|FVSEL1|FVSELO

0 0 0 0 Vector table data is in area 0
(H'00001C to H'00004F) (Initial value)

0 0 0 1

0 0 1 — | Setting prohibited

0 1 — —

1 0 0 0 Vector table data is in internal /O
registers (FVADDR to FVADRL)

1 0 0 1

1 0 1 —— | Setting prohibited

1 1 — —

Vector switching function enable

0 |Function to change space from which to read vector table data is disable
(Initial value)
1 |Function to change space from which to read vector table data is enabled
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FVADR R, E, H, L—Flash Vector Address Data H'EEOBS8, H'EEOB9, | Flash Memory
Register R, E, H, | H'EEOBA, H'EEOBB

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W RW R/W RW RW R/W R/W R/W R/W R/W R/W

FVADRR FVADRE

Vector address setting

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W RW RW R/W RW R/W R/W R/W R/W R/W R/W

FVADRH FVADRL

Vector address setting
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MAROA R/E/H/L—Memory Address Register OA R/E/H/L

H'FFF20 H'FFF21 | DMACO

H'FFF22 H'FFF23

Bit 31 30 29 28 27 26 25 24 23

Initial value 1 1 1 1 1 1 1 1

Read/wrte — — — — — — — — RW RW R/W RW R/W R/W R/W R/W

Undetermined

MAROAR

Bit 15 14 13 12 11 10 9 8 7

MAROAE

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W RW RW R/W R/W RW R/W R/W R/W R/W

Undetermined

MAROAH

MAROAL

Source or destination address
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Rev. 5.0, 09/04, page 857 of 978



ETCROA H/L—Execute Transfer Count Register OA H/L H'FFF24 H'FFF25 | DMACO

* Short address mode
O 1/0 mode and idle mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W RW R/W RW RW RW R/W RW R/W R/W R/W R/W

Transfer counter

O Repeat mode

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Initial value Undetermined Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
ETCROAH ETCROAL
Transfer counter Initial count

* Full address mode
0 Normal mode

Bit 15 14 13 12 11 100 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W RW R/W RW R/W R/W R/W R/W R/W RW RW RW R/W R/W

Transfer counter

0 Block transfer mode

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Initial value Undetermined Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/W
ETCROAH ETCROAL
Block size counter Initial block size
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IOAROA—I/O Address Register 0A ] H'FFF26 \ DMACO

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Short address mode : source or destination address
Full address mode : not used
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DTCROA—Data Transfer Control Register 0A ] H'FFF27 \ DMACO
* Short address mode
Bit 7 6 5 4 3 2 1 0
| DTE | DTSz | DTID | RPE | DTIE | DTS2 | DTS1 | DTSO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W RIW R/W RIW R/W R/W R/W R/W
Data transfer select
Bit2 [ Bit1 | BitO -
DTS2|DTSIIDTSO Data Transfer Activation Source
0 Compare match/input capture A
0 interrupt from 16-bit timer channel 0
1 Compare match/input capture A
interrupt from 16-bit timer channel 1
0 0 Compare match/input capture A
1 interrupt from 16-bit timer channel 2
1 |A/D converter conversion end interrupt
0 0 [SCI0 transmit-data-empty interrupt
1 [SCIO receive-data-full interrupt
1 0 |Transfer in full address mode
1 1 |[Transfer in full address mode
Data transfer interrupt enable
Interrupt requested by
O | DTE bitis disabled
Interrupt requested by
| DTE bit is enabled
Repeat enable
RPE|DTIE Description
0 | 0 | 1/0 mode
1
1 0 |[Repeat mode
1 |ldle mode
Data transfer increment/decrement
0 Incremented: If DTSZ = 0, MAR is incremented by 1 after each transfer
If DTSZ = 1, MAR is incremented by 2 after each transfer
1 Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer
If DTSZ = 1, MAR is decremented by 2 after each transfer
Data transfer size
0 |Byte-size transfer
1 |Word-size transfer
Data transfer enable
0 |Data transfer is disabled
1 |Data transfer is enabled
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DTCROA—Data Transfer Control Register 0A (cont) ] H'FFF27 \ DMACO
* Full address mode
Bit 7 6 5 4 3 2 1 0
| DTE | DTSz | SAID | SAIDE | DTIE | DTS2A | DTS1A | DTSOA |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer select 0A
0 [Normal mode
1 |Block transfer mode
Data transfer select 2A and 1A
Set both bits to 1
Data transfer interrupt enable
0 [Interrupt requested by DTE bit is disabled
1 |Interrupt requested by DTE bit is enabled
Source address increment/decrement (bit 5)
Source address increment/decrement enable (bit 4)
Bit5 | Bit4 Increment/Decrement Enable
SAID [SAIDE
0 MARA is held fixed
0 1 Incremented: If DTSZ = 0, MARA is incremented by 1 after each transfer
If DTSZ = 1, MARA is incremented by 2 after each transfer
0 MARA is held fixed
1 1 Decremented: If DTSZ = 0, MARA is decremented by 1 after each transfer
If DTSZ = 1, MARA is decremented by 2 after each transfer
Data transfer size
0 |Byte-size transfer
1 |Word-size transfer
Data transfer enable
0 |Data transfer is disabled
1 |Data transfer is enabled

RENESAS
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MAROB R/E/H/L—Memory Address Register 0B R/E/H/L | H'FFF28 HFFF29 | DMACO
H'FFF2A H'FFF2B

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value 1 1 1 1 1 1 1 1 Undetermined
Read/Writg — — — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W
MAROBR MAROBE

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W

MAROBH MAROBL

Source or destination address
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ETCROB H/L—Execute Transfer Count Register OB H/L H'FFF2C, H'FFF2D | DMACO

* Short address mode
O 1/0 mode and idle mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W RW R/W RW R/W RW R/W RW R/W R/W

Transfer counter

0 Repeat mode

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Initial value Undetermined Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

ETCROBH ETCROBL

Transfer counter Initial count

* Full address mode
O Normal mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Not used

O Block transfer mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Block transfer counter
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IOAROB—I/O Address Register 0B ] H'FFF2E \ DMACO

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Short address mode : source or destination address

Full address mode : not used
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DTCROB—Data Transfer Control Register 0B | HFFF2F | DMACO
* Short address mode
Bit 7 6 5 4 3 2 1 0
| DTE | DTSZ | DTID | RPE | DTIE | DTS2 | DTS1 | DTSO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/IW R/W R/IW R/IW R/W R/IW R/IW R/IW
Data transfer select
Bit2 | Bit1 | BitO _—
DTS2|DTS1|DTS0 Data Transfer Activation Source
0 Compare match/input capture A interrupt
0 from 16-bit timer channel 0
1 Compare match/input capture A interrupt
0 from 16-bit timer channel 1
0 Compare match/input capture A interrupt
1 from 16-bit timer channel 2
1 | A/D converter conversion end interrupt
0 0 [ SCIO transmit-data-empty interrupt
1 1 SCIO receive-data-full interrupt
1 0 | Falling edge of DREQ input
1 |Low level of DREQ input
Data transfer interrupt enable
0 Interrupt requested by
DTE bit is disabled
Interrupt requested by
1 | DTE bitis enabled
Repeat enable
RPE[DTIE Description
0 | O | 1/0 mode
1
1 0 |Repeat mode
1 |ldle mode
Data transfer increment/decrement
o Incremented: If DTSZ = 0, MAR is incremented by 1 after each transfer
If DTSZ = 1, MAR is incremented by 2 after each transfer
1 Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer
If DTSZ = 1, MAR is decremented by 2 after each transfer
Data transfer size
0 |Byte-size transfer
1 |Word-size transfer
Data transfer enable
0 |Data transfer is disabled
1 |Data transfer is enabled
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DTCROB—Data Transfer Control Register 0B (cont) ] H'FFF2F \ DMACO
* Full address mode
Bit 7 6 5 4 3 2 1 0
| DTME | _— | DAID | DAIDE | T™S | DTS2B | DTS1B | DTS0B |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer master enable Data transfer select 2B to 0B
0 |Data transfer is disabled Bit2 | Bit1 | BitO Data Transfer Activation Source
1 |Data transfer is enabled DTS2B|DTS1BDTSOB Normal Mode Block Transfer Mode
Auto-request Compare match/input
0 (burst mode) capture A interrupt from
16-bit timer channel 0
0
Not available Compare match/input
1 capture A interrupt from
0 16-bit timer channel 1
Auto-request Compare match/input
1 0 (cycle-steal mode) capture A interrupt from
16-bit timer channel 2
1 | Not available AID ponvener conversion
end interrupt
0 0 | Not available Not available
1 | Not available Not available
1 o |Falling edge input of Falling edge input of
1 DREQ DREQ
1 | Low level input at DREQ | Not available

Transfer mode select

0 [Destination is the block area in block transfer mode

1 [Source is the block area in block transfer mode

Destination address increment/decrement (bit 5)
Destination address increment/decrement enable (bit 4)

Bit 5 Bit 4
DAID |DAIDE Increment/Decrement Enable
0 MARB is held fixed
0 1 Incremented: If DTSZ = 0, MARB is incremented by 1 after each transfer
If DTSZ = 1, MARB is incremented by 2 after each transfer
0 MARB is held fixed
1 1 Decremented: If DTSZ = 0, MARB is decremented by 1 after each transfer
If DTSZ = 1, MARB is decremented by 2 after each transfer
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MAR1A R/E/H/L—Memory Address Register 1A R/E/H/L H'FFF30 H'FFF31 | DMAC1
H'FFF32 H'FFF33

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value 1 1 1 1 1 1 1 1 Undetermined
Read/Wrt¢ — — — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W
MAR1AR MAR1AE

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W RW R/W R/W RW R/W R/W R/W R/W

MAR1AH MARIAL

Note: Bit functions are the same as for DMACO.

ETCR1A H/L—Execute Transfer Count Register 1A H/L ’ H'FFF34 H'FFF35 ‘ DMAC1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW R/W RW R/W R/W

Initial value Undetermined Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W RW RW R/W RW R/W R/W R/W R/W

ETCR1AH ETCR1AL

Note: Bit functions are the same as for DMACO.
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IOARLIA—I/O Address Register 1A ] H'FFF36 \ DMAC1
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Note: Bit functions are the same as for DMACO.
DTCR1A—Data Transfer Control Register 1A ] H'FFF37 \ DMAC1
* Short address mode
Bit 7 6 5 4 3 2 1 0
| DTE | DTSZ | DTID | RPE | DTIE | DTS2 | DTS1 | DTSO
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
* Full address mode
Bit 7 6 5 4 3 2 1 0
| DTE | DTSZ | SAID | SAIDE | DTIE | DTS2A | DTS1A | DTSOA
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Note: Bit functions are the same as for DMACO.
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MAR1B R/E/H/L—Memory Address Register 1B R/E/H/L | H'FFF38 HFFF39 | DMAC1
H'FFF3A H'FFF3B

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value 1 1 1 1 1 1 1 1 Undetermined
Read/Wrt¢ — — — — — — — — R/W R/W R/W R/W R/W R/W R/W R/W
MAR1BR MAR1BE

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W RW R/W R/W RW R/W R/W R/W R/W

MAR1BH MAR1BL

Note: Bit functions are the same as for DMACO.

ETCR1B H/L—Execute Transfer Count Register 1B H/L ‘ H'FFF3C H'FFF3D ’ DMAC1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW R/W RW R/W R/W

Initial value Undetermined Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W RW RW R/W RW R/W R/W R/W R/W

ETCR1BH ETCR1BL

Note: Bit functions are the same as for DMACO.
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IOAR1B—I/O Address Register 1B ] H'FFF3E \ DMAC1
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write RIW R/W RIW R/W RIW R/W R/W R/IW
Note: Bit functions are the same as for DMACO.
DTCR1B—Data Transfer Control Register 1B H'FFF3F DMAC1
* Short address mode
Bit 7 6 5 4 3 2 1 0
| DTE | DTSZ | DTID | RPE | DTIE | DTS2 | DTS1 | DTSO
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW R/IW RIW RIW RIW
* Full address mode
Bit 7 6 5 4 3 2 1 0
| DTME | [ | DAID | DAIDE | T™S | DTS2B | DTS1B | DTSO0B
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW R/W R/W R/W

Note: Bit functions are the same as for DMACO.
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TSTR—Timer Start Register ‘ H'FFF60 ’ 16-bit timer (all channels)
Bit 6 5 4 3 2 1 0
| — | — | — | — | — | STR2 | STR1 | STRO |
Initial value 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Reserved bits

Counter start 0

0 TCNTO is halted (Initial value)
1 TCNTO is counting
Counter start 1
0 TCNT1 is halted (Initial value)

1 TCNT1 is counting

Counter start 2

0

TCNT2 is halted

(Initial value)

1

TCNT2 is counting
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TSNC—Timer Synchro Register ‘ H'FFF61 ’ 16-bit timer (all channels)

Bit 7 6 5 4 3 2 1 0
| — | — | — | — | — |SYNC2|SYNC1|SYNCO|

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Reserved bits

Timer synchronization 0
Channel 0 timer counter (TCNTO) operates

0 independently (TCNTO presetting/clearing is
unrelated to other channels) (Initial value)

Channel 0 operates synchronously
1 TCNTO synchronous presetting/synchronous
clearing is possible

Timer synchronization 1

Channel 1 timer counter (TCNT1) operates

0 independently (TCNT1 presetting/clearing is
unrelated to other channels) (Initial value)

Channel 1 operates synchronously
1 TCNT1 synchronous presetting/synchronous
clearing is possible

Timer synchronization 2
Channel 2 timer counter (TCNT2) operates

0 independently (TCNT2 presetting/clearing is
unrelated to other channels) (Initial value)

Channel 2 operates synchronously
1 TCNT2 synchronous presetting/synchronous
clearing is possible
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TMDR—Timer Mode Register ‘ H'FFF62 ’ 16-bit timer (all channels)

Bit 7 6 5 4 3 2 1 0
| — | MDF | FDIR | — | — | PWM2 | PWM1 | PWMO |
Initial value 1 0 0 1 1 0 0 0
Read/Write — R/W _R/ﬂ — — R/W R/W R/W

T

PWM mode 0

0 Channel 0 operates normally (Initial value)

1 Channel 0 operates in PWM mode

PWM mode 1

0 Channel 1 operates normally (Initial value)

1 Channel 1 operates in PWM mode

PWM mode 2

0 Channel 2 operates normally (Initial value)

1 Channel 2 operates in PWM mode

Flag direction

0 OVF issetto1in TISRC when TCNT2
overflows or underflows  (Initial value)

1 OVF is setto 1in TISRC when TCNT2
overflows

Phase counting mode flag

0 Channel 2 operates normally  (Initial value)

1 Channel 2 operates in phase counting mode

Rev. 5.0, 09/04, page 873 of 978
RENESAS




TOLR—Timer Output Level Setting Register ‘ H'FFF63 ’ 16-bit timer (all channels)

Bit 7 6 5 4 3 2 1 0

| — | — | TOB2 | TOA2 | TOB1 | TOA1 | TOBO | TOAO |
Initial value 1 1 0 0 0 0 0 0
Read/Write w W W W W W

Output level setting AO
0 TIOCAqis O
1 | TIOCAqis 1

(Initial value)

Output level setting BO
0 | TIOCBgyisO
1 TIOCByis 1

(Initial value)

Output level setting Al
0 TIOCA;is 0
1 TIOCA;is 1

(Initial value)

Output level setting B1

0 TIOCB; is 0 (Initial value)
1 TIOCB; is 1
Output level setting A2
0 TIOCA,is 0 (Initial value)
1 TIOCA,is 1
Output level setting B2
0 TIOCB, is 0 (Initial value)

1 TIOCB, is 1
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TISRA—Timer Interrupt Status Register A ‘ H'FFF64 ’ 16-bit timer (all channels)

Bit: 7 6 5 4 3 2 1 0
[ — [mieazlmieai]mieac] — [iMFa2]|iMFAL]IMFAO]
Initial value: 1 0 0 0 1 0 0 0
Read/Write: ~— RMW_ RMW RW  —  RIW)* RIW)* RIW)*
S A

I
Input capture/compare match flag A0

[Clearing conditions] (Initial value)
0 Read IMFAQ when IMFAO=1, then write 0 in IMFAO
DMAC activated by IMIAOQ interrupt.

[Setting conditions]

TCNTO0=GRAO when GRAO functions as an output compare register.
TCNTO value is transferred to GRAO by an input capture signal when GRAO
functions as an input capture register.

Input capture/compare match flag A1

[Clearing conditions] (Initial value)
0 Read IMFA1 when IMFA1=1, then write 0 in IMFAL
DMAC activated by IMIAL interrupt.

[Setting conditions]

TCNT1=GRA1 when GRAL functions as an output compare register.
TCNT1 value is transferred to GRA1 by an input capture signal when GRAL
functions as an input capture register.

Input capture/compare match flag A2

[Clearing conditions] (Initial value)
0 Read IMFA2 when IMFA2=1, then write 0 in IMFA2
DMAC activated by IMIA2 interrupt.

[Setting conditions]

TCNT2=GRA2 when GRAZ2 functions as an output compare register.
TCNT2 value is transferred to GRA2 by an input capture signal when GRA2
functions as an input capture register.

Input capture/compare match interrupt enable AQ
0 | IMIAQ interrupt requested by IMFAO flag is disabled (Initial value)
1 | IMIAO interrupt requested by IMFAQ flag is enabled

Input capture/compare match interrupt enable A1
0 | IMIAL interrupt requested by IMFAL1 flag is disabled (Initial value)
1 | IMIAL interrupt requested by IMFAL flag is enabled

Input capture/compare match interrupt enable A2
0 | IMIA2 interrupt requested by IMFA2 flag is disabled (Initial value)
1 | IMIA2 interrupt requested by IMFAZ2 flag is enabled

Note: * Only O can be written, to clear the flag.
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TISRB—Timer Interrupt Status

Register B ‘ H'FFF65 ’ 16-bit timer (all channels)

Bit: 7 6 5 4 3 2 1 0
| — |mesz2imiesi]mieso] — [iveB2[iMFB1[IMFBO|
Initial value: 1 0 0 0 1 0 0 0
Read/Write: — RW R/W R/W —  RI(W)* RI(W)* RI(W)*
] | |
I
Input capture/compare match flag BO
0 [Clearing condition] (Initial value)
Read IMFBO when IMFB0=1, then write 0 in IMFBO.
[Setting conditions]
TCNTO0=GRBO0 when GRBO functions as an output compare register.
1

TCNTO value is transferred to GRBO by an input capture signal when GRBO
functions as an input capture register.

Input capture/compare match flag B1

[Clearing condition] (Initial value)
Read IMFB1 when IMFB1=1, then write 0 in IMFB1.

TCN
TCN

[Setting conditions]

functions as an input capture register.

T1=GRB1 when GRBL1 functions as an output compare register.
T1 value is transferred to GRB1 by an input capture signal when GRB1

Input capture/compare match flag B2

[Clearing condition] (Initial value)
Read IMFB2 when IMFB2=1, then write 0 in IMFB2.

TCNT2=G
TCNT2 va

[Setting conditions]

functions as an input capture register.

RB2 when GRB2 functions as an output compare register.
lue is transferred to GRB2 by an input capture signal when GRB2

Input capture/compare match interrupt enable BO

0 | IMIBO interrupt requested by IMFBO flag is disabled (Initial value)

1 | IMIBO interrupt requested by IMFBO flag is enabled

Input capture/compare matcl

h interrupt enable B1

0 | IMIB1 interrupt reque

sted by IMFBL1 flag is disabled (Initial value)

1 | IMIB1 interrupt reque:

sted by IMFBL1 flag is enabled

Input capture/compare match interrupt enable B2

0 | IMIB2 interrupt requested by IMFB2 flag is disabled (Initial value)

1 | IMIB2 interrupt requested by IMFB2 flag is enabled

Note : * Only O can be written, to

clear the flag.
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TISRC—Timer Interrupt Status Register C ‘ H'FFF66 ’ 16-bit timer (all channels)

Bit: 7 6 5 4 3 2 1 0
| — Joviez|ovier|ovieo] — [ovr2|ovr1 |ovro |

Initial value: 1 0 0 0 1 0 0 0

Read/Write: ~ — RMW_ RW_  RW  — RIW)* RIW)* RI(W)*

I
Overflow flag 0
[Clearing condition] (Initial value)
Read OVFO when OVFO = 1, then write 0 in OVFO.
[Setting condition]
TCNTO overflowed from H'FFFF to H'0000.

0

Overflow flag 1

[Clearing condition] (Initial value)
Read OVF1 when OVF1 = 1, then write 0 in OVF1.

[Setting condition]

TCNT1 overflowed from H'FFFF to H'0000.

0

Overflow flag 2

[Clearing condition] (Initial value)
Read OVF2 when OVF2 = 1, then write 0 in OVF2.

[Setting condition]

1 | TCNT2 overflowed from H'FFFF to H'0000, or underflowed from H'0000

to H'FFFF.

0

Overflow interrupt enable 0
0 [ OVIO interrupt requested by OVFO flag is disabled (Initial value)

1 | OVIO interrupt requested by OVFO flag is enabled

Overflow interrupt enable 1
0 | OVI1 interrupt requested by OVF1 flag is disabled (Initial value)

1 | OVI1 interrupt requested by OVF1 flag is enabled

Overflow interrupt enable 2
0 | OVI2 interrupt requested by OVF2 flag is disabled (Initial value)
1 | OVI2 interrupt requested by OVF2 flag is enabled

Note : * Only O can be written, to clear the flag.
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16TCRO—Timer Control Register ‘ H'FFF68 ’ 16-bit timer channel 0

Bit 7 6 5 4 3 2 1 0
| - | CCLR1 | CCLRO| CKEG1| CKEGO| TPSC2 | TPSC1| TPSCO |

Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
|
Timer prescaler 2to 0
Bit 2 Bit 1 Bit 0
TCNT Clock Source
TPSC2 | TPSC1 | TPSCO
0 0 Internal clock : @ (Initial value)
0 1 Internal clock : @/ 2
1 0 Internal clock : @/ 4
1 Internal clock : @/ 8
0 0 External clock A : TCLKA input
1 1 External clock B : TCLKB input
1 0 External clock C : TCLKC input
1 External clock D : TCLKD input
Clock edge 1 and 0
Bit 4 Bit 3
Counted Edges of External Clock
CKEG1 CKEGO
0 0 Rising edges counted (Initial value)
0 1 Falling edges counted
1 — Both edges counted
Counter clear 1 and 0
Bit 6 Bit 5
TCNT clear Sources
CCLR1 CCLRO
0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input capture
1 0 TCNT is cleared by GRB compare match or input capture
Synchronous clear : TCNT is cleared in synchronization with other
1 synchronized timers
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TIORO—Timer I/O Control Register 0 ‘ H'FFF69 ’ 16-bit timer channel 0
Bit: 7 6 5 4 3 2 1 0
| — JioB2 [108B1[10B0 | — [10A2 [ 10A1 | 10A0 |
Initial value: 1 0 0 0 1 0 0 0
Read/Write: — RW RW R/W — RW RW R/W

1/0 control A2 to AO

Bit 2 Bit 1 Bit 0 .
GRA Functions
I0A2 I0A1 I0A0
0 0 GRA is an output No output at compare match (Initial value)
1 compare register 0 output at GRA compare match
0 0 1 output at GRA compare match
1 1 Output toggles at GRA compare match
(channel 2 only: 1 output)
0 GRA is an input GRA captures rising edges of input
1 0 1 capture register GRA captures falling edges of input
L 0 GRA captures both edges of input
1

1/0 control B2 to BO

Bit 6 Bit 5 Bit 4 )
GRB Functions
10B2 10B1 10BO
0 0 GRB is an output No output at compare match (Initial value)
1 compare register 0 output at GRB compare match
0 0 1 output at GRB compare match
1 1 Output toggles at GRB compare match
(channel 2 only: 1 output)
0 GRB is an input GRB captures rising edges of input
1 0 1 capture register GRB captures falling edges of input
L 0 GRB captures both edges of input
1
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16TCNTO H/L—Timer Counter 0 H/L ‘ H'FFF6A, H'FFF6B ‘ 16-bit timer channel 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W RW R/W RW R/W RW R/W R/W

Up - counter

GRAO H/L—General Register A0 H/L ‘ H'FFF6C, H'FFF6D ‘ 16-bit timer channel 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W RW R/W R/W RW R/W R/W R/W RW R/W R/W R/W R/W

Output compare or input capture register

GRBO H/L—General Register BO H/L ‘ H'FFF6E, H'FFF6F ‘ 16-bit timer channel 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W RW RW RW RW R/W R/W R/W R/W

Output compare or input capture register
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16TCR1 Timer Control Register 1 ‘ H'FFF70 ‘ 16-bit timer channel 1

Bit 7 6 5 4 3 2 1 0
| — |CCLR1 |CCLRO |CKEGl |CKEGO |TPSC2 |TPSCl | TPSCO|

Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for 16-bit timer channel 0.

TIOR1—Timer I/O Control Register 1 ‘ H'FFF71 ‘ 16-bit timer channel 1
Bit 7 6 5 4 3 2 1 0
| — | 10B2 | 10B1 | I0BO | — | I0A2 | I0A1 | I0A0 |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Note: Bit functions are the same as for 16-bit timer channel 0.

16TCNT1 H/L—Timer Counter 1 H/L ‘ H'FFF72, H'FFF73 ‘ 16-bit timer channel 1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write  R/W R/W R/W R/W R/W R/W R/W RW RW R/W R/W RW R/W R/W R/W R/W

Note: Bit functions are the same as for 16-bit timer channel 0.
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GRA1 H/L—General Register A1 H/L ‘ H'FFF74, H'FFF75 ‘ 16-bit timer channel 1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for 16-bit timer channel 0.

GRB1 H/L—General Register B1 H/L ‘ H'FFF76, H'FFF77 ‘ 16-bit timer channel 1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for 16-bit timer channel 0.

16TCR2 Timer Control Register 2 ‘ H'FFF78 ‘ 16-bit timer channel 2

Bit 7 6 5 4 3 2 1 0
| — |CCLR1 |CCLRO | CKEG1 |CKEGO |TPSC2 |TPSC1 | TPSCO|

Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Notes : 1. Bit functions are the same as for 16-bit timer channel 0.
2. When phase counting mode is selected in channel 2, the settings of
bits CKEG1 and CKEGO and TPSC2 to TPSCO in TCR2 are ignored.
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TIOR2—Timer I/O Control Register 2 ‘ H'FFF79 ‘ 16-bit timer channel 2

Bit 7 6 5 4 3 2 1 0
| — | I0B2 | I0B1 | 10B0 | — | I0A2 | I0A1 | I0A0 |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Note: Bit functions are the same as for 16-bit timer channel 0.

16TCNT2 H/L—Timer Counter 2 H/L ‘ H'FFF7A, H'FFF7B ‘ 16-bit timer channel 2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W RW RW RW RW R/W R/W R/W R/W

Phase counting mode : up/down counter
Other mode : up-counter

GRA2 H/L—General Register A2 H/L ‘ H'FFF7C, H'FFF7D ‘ 16-bit timer channel 2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W RW RW R/W RW R/W R/W R/W RW RW RW R/W R/W

Note: Bit functions are the same as for 16-bit timer channel 0.
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GRB2 H/L—General Register B2 H/L ‘ H'FFF7E, H'FFF7F ‘ 16-bit timer channel 2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W RW RW RW RW RW R/W R/W R/W RW RW RW R/W R/W

Note: Bit functions are the same as for 16-bit timer channel 0.
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8TCRO—Timer Control Register 0 H'FFF80 8-bit timer channel 0
8TCR1—Timer Control Register 1 H'FFF81 8-bit timer channel 1
Bit 7 6 5 4 3 2 1 0

| CMIEB | CMIEA| OVIE | CCLR1| CCLRO| CKS2 | CKSs1 | CKSO0 |

0 0
R/W RIW

Initial value
Read/Write

0
R/W

0 0
R/W R/W

0
R/W

0
R/W

0
R/W

Clock select 2 to 0

0 | Clock input is disabled
0 1 Internal clock, counted on rising
edge of @8
0 0 | Internal clock, counted on rising
1 edge of @64
1 | Internal clock, counted on rising
edge of ¢/8192
Channel 0:
Count on TCNT1 overflow signal*
o | Channel 1:
0 Count on TCNTO compare match
A*
1
1 | External clock, counted on falling edge
0 | External clock, counted on rising edge
1 1 External clock, counted on both
rising and falling edges

Notes: * If the clock input of channel 0 is the TCNT1
overflow signal and that of channel 1 is the
TCNTO compare match signal, no
incrementing clock is generated. Do not use

this setting.
Counter clear 1 and 0
o 0 Clearing is disabled
1 Cleared by compare match A
1 0 Cleared by compare match B/input capture B
1 Cleared by input capture B

Timer overflow interrupt enable

0

OVl interrupt requested by OVF is disabled

1

OVl interrupt requested by OVF is enabled

Compare match interrupt enable A

0

CMIA interrupt requested by CMFA is disabled

1 | CMIA interrupt requested by CMFA is enabled

Compare match interrupt enable B

0

CMIB interrupt requested by CMFB is disabled

1 | CMIB interrupt requested by CMFB is enabled
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8TCSRO—Timer Control/Status Register 0 ’ H'FFF82 ’ 8-bit timer channel 0
Bit 7 6 5 4 3 2 1 0
’ CMFB ‘ CMFA‘ OVF ‘ ADTE‘ olISs3 ‘ 0ISs2 ‘ 0s1 ‘ 0Sso ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)* R/(W)* RIW)* R/W R/W R/W R/W R/W
Output select A1 and A0
Bit 1| Bit 0 L
Description
0S1 | 0S0
0 0 | No change at compare match A
1 | 0 output at compare match A
0 |1 output at compare match A
! 1 Output toggles at compare
match A

Output/input capture edge select B3 and B2

ICEin | Bit3 |Bit2 L
Description
TCSR1| OIS3 | 0IS2
0 0 |No change at compare match B
1 |0 output at compare match B
0 0 |1 output at compare match B
! 1 Output toggles at compare match
B
o0 |TCORB input capture on rising
0 edge
1 TCORSB input capture on falling
edge
1 0 |TCORB input capture on both
1 |rising and falling edges

AID trigger enable (TCSRO only)

TRGE*1 E[';T‘; Description
AID converter start requests by compare match A
0 or an external trigger are disabled
0 AID converter start requests by compare match A
1 or an external trigger are enabled
0 | A/D converter start requests by an external trigger are enabled
1 1 | A/D converter start requests by compare match A are enabled

Note: *1 TRGE is bit 7 of the A/D control register (ADCR).
Timer overflow flag

0

[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]
TCNT overflows from H'FF to H'00

Compare match flag A

0 [Clearing condition]

Read CMFA when CMFA = 1, then write 0 in CMFA

[Setting condition]
TCNT = TCORA

Compare match/input capture flag B

0

[Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB

[Setting conditions]
TCNT = TCORB

The TCNT value is transferred to TCORB by an input capture signal when
TCORSB functions as an input capture register.

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.
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8TCSR1—Timer Control/Status Register 1 ’ H'FFF83 ’ 8-bit timer channel 1

Bit 7 6 5 4 3 2 1 0
| CMFB | CMFA| OVF | ICE | 0OIs3 | 0OIs2 | 0Os1 | 0so |

Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)*  R/(W)*  R/(W)* RIW R/W R/W RIW R/IW

Output select A1 and AO
Bit 1| Bit0 .
Description
0S1 | 0S0
0 0 | No change at compare match A
1 |0 output at compare match A
0 | 1 output at compare match A
1 1 Output toggles at compare
match A

Output/input capture edge select B3 and B2

ICEin | Bit3 |Bit2 Descrintion
SCripti
TCSR1| ois3 | OIS2 P
a 0 [No change at compare match B
1 |0 output at compare match B
0 0 |1 output at compare match B
1 1 Output toggles at compare match
B
o0 |TCORB input capture on rising
0 edge
1 1 TCORSB input capture on falling
edge
0 |TCORB input capture on both
1 1 |rising and falling edges

Input capture enable

0 | TCORB is a compare match register

1 | TCORB is an input capture register

Timer overflow flag

[Clearing condition]

0 | 'Read OVF when OVF = 1, then write 0 in OVF

[Setting condition]
TCNT overflows from H'FF to H'00

Compare match flag A

0 [Clearing condition]
Read CMFA when CMFA = 1, then write 0 in CMFA

[Setting condition]
TCNT = TCORA

Compare match/input capture flag B

0 [Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB

[Setting conditions]

TCNT = TCORB

The TCNT value is transferred to TCORB by an input capture signal when
TCORSB functions as an input capture register.

Note: * Only O can be written to bits 7 to 5, to clear these flags.
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TCORAO—Time Constant Register A0 H'FFF84 8-bit timer channel 0
TCORA1—Time Constant Register Al H'FFF85 8-bit timer channel 1

TCORAO TCORA1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Iniialvave 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  paw R/W RW R/W RW RW RW RW RW RW RW RW RMW RW RMW R/W

TCORBO—Time Constant Register BO H'FFF86 8-bit timer channel 0
TCORB1—Time Constant Register B1 H'FFF87 8-bit timer channel 1
TCORBO TCORB1

Bit 15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 0

Initialvalue 1 1 1 1 1 i1 1 1 1 11 1 1 1 1
Read/Write r\w RW RMW R/W RW RW RMW RW R/W RMW RMW RW RW RW RW RW

8TCNTO—Timer Counter O H'FFF88 8-bit timer channel 0
8TCNT1—Timer Counter 1 H'FFF89 8-bit timer channel 1
TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W RW RW R/W R/W R/W R/W R/W R/W R/W
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TCSR—Timer Control/Status Register ’ H'FFF8C ‘ WDT

Bit 7 6 5 4 3 2 1 0
| OVF | WT/T | TME | —| | CKS2 | CKS1 | CKSO0 |
Initial value 0 0 0 1 1 0 0 0
Read/Write  R/(W)* R/W R/W —_ —_ R/W R/W R/W
Clock select 2 to 0
CKS2|CKS1|CKSO0 Description
0 |@2
0
1 |@32
0
0 |@64
1
1 |@128
0 |@256
0
1 |@512
1
0 |@2048
1
1 |@4096

Timer enable

Timer disabled
0 « TCNT is initialized to H'00 and
halted

Timer enabled

« TCNT is counting

Timer mode select

Interval timer:

0 requests interval timer interrupts
Watchdog timer:

1

generates a reset signal

Overflow flag

[Clearing condition]

0 | Read OVF when OVF = 1, then write 0 in OVF
[Setting condition]

TCNT changes from H'FF to H'00

Note: * Only 0 can be written, to clear the flag.
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TCNT—Timer Counter ‘ H'FFF8D (read), H'FFF8C (write) ’ WDT

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Count value
RSTCSR—Reset Control/Status Register ‘ H'FFF8F (read), H'FFF8E (write) ‘ WDT
Bit 7 6 5 4 3 2 1 0
[ west | | | | | | | |
Initial value 0 0 1 1 1 1 1 1
Read/Write R/(W)* R/W

Reserved bits

Watchdog timer reset

0 [Clearing conditions]
Reset signal at RES pin
Read WRST when WRST = 1, then write 0 in WRST
[Setting condition]

! TCNT overflow generates a reset signal

Note: * Only 0 can be written in bit 7, to clear the flag.
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8TCR2—Timer Control Register 2 H'FFF90 8-bit timer channel 2
8TCR3—Timer Control Register 3 H'FFF91 8-bit timer channel 3
Bit 7 6 5 4 3 2 1 0
| CMIEB | CMIEA | OVIE | CCLR1 | CCLRO | CKS2 | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/IW R/W R/IW R/IW R/IW R/W R/IW R/W
Clock select 2 to 0
CSK2|CSK1 |CSKOo Description
0 | Clock input is disabled
0 1 Internal clock, counted on rising edge
of ¢/8
0 Internal clock, counted on rising edge
0 1 of @64
1 Internal clock, counted on rising edge
of ¢/8192
Channel 2:
Count on TCNT3 overflow signal*
0 .
0 Channel 3:
Count on TCNT2 compare match A*
1 1 | External clock, counted on falling edge
0 | External clock, counted on rising edge
1 1 External clock, counted on both
rising and falling edges

Counter clear 1 and 0

Note: * If the clock input of channel 2 is the TCNT3 overflow
signal and that of channel 3 is the TCNT2 compare
match signal, no incrementing clock is generated. Do
not use this setting.

0 | Clearing is disabled

Cleared by compare match A

1
0 | Cleared by compare match B/input capture B
1 | Cleared by input capture B

Timer overflow interrupt enable

0 OVl interrupt requested by OVF is disabled

1 OVl interrupt requested by OVF is enabled

Compare match interrupt enable A

0 | CMIA interrupt requested by CMFA is disabled

1 CMIA interrupt requested by CMFA is enabled

Compare match interrupt enable B

0 CMIB interrupt requested by CMFB is disabled

1 CMIB interrupt requested by CMFB is enabled

RENESAS

Rev. 5.0, 09/04, page 891 of 978




8TCSR2—Timer Control/Status Register 2 H'FFF92 8-bit timer channel 2
8TCSR3—Timer Control/Status Register 3 H'FFF93 8-bit timer channel 3
TCSR2 Bit 7 6 5 4 3 2 1 0
’ CMFB ‘ CMFA ‘ OVF ‘ — ‘ 0OISs3 ‘ ol1s2 ‘ 0os1 ‘ 0Oso ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write  R/(W)* R/W)* RIW)* — RIW RIW RIW R/W
TCSR3 Bit 7 6 5 4 3 2 1 0
’ CMFB ‘ CMFA ‘ OVF ‘ ICE ‘ 0OISs3 ‘ 0olIs2 ‘ 0Os1 ‘ 0so ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)* R/AW)* R/(W)* R/W RIW RIW RIW RIW

Output select A1 and A0

Bit 1| Bit 0
0Os1 | 0so

Description

0 | Noch:
0

ange at compare match A

1 | 0 output at compare match A

0 |1 output at compare match A

Output toggles at compare
1
match A

Output/input capture edge select B3 and B2

ICEin |Bit3 [Bit3 Descrition
TCSR3| 0153 | 0IS2 P
0 0 |No change at compare match B
1 |0 output at compare match B
0 0 |1 output at compare match B
1
1 Output toggles at compare match
B
o TCORB input capture on rising
0 edge
1 1 |TCORB input capture on falling
edge
1 0 | TCORB input capture on both
rising and falling edges

Input capture enable (TCSR3 only)

0

TCORB is a compare match register

1

TCORB is an input capture register

Timer overflow flag

0 [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

[Setting condition]
TCNT overflows from H'FF to H'00

Compare match flag A

0

[Clearing condition]
Read CMFA when CMFA = 1, then write 0 in CMFA

[Setting condition]
TCNT = TCORA

Compare match/input capture flag B

o [Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB

[Setting conditions]
TCNT = TCORB

The TCNT value is transferred to TCORB by an input capture signal when
TCORSB functions as an input capture register.

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.
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TCORA2—Time Constant Register A2 H'FFF94 8-bit timer channel 2
TCORA3—Time Constant Register A3 H'FFF95 8-bit timer channel 3

TCORAZ2 TCORA3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W RW RW R/W R/W R/W R/W R/W R/W R/W

TCORB2—Time Constant Register B2 H'FFF96 8-bit timer channel 2
TCORB3—Time Constant Register B3 H'FFF97 8-bit timer channel 3
TCORB2 TCORB3

Bit 15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W RW R/W R/W RW R/W RW RW RW RW R/W RW R/W

8TCNT2—Timer Counter 2 H'FFF98 8-bit timer channel 2
8TCNT3—Timer Counter 3 H'FFF99 8-bit timer channel 3
TCNT2 TCNT3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W RW RW R/W R/W R/W R/W R/W R/W R/W
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DADRO—DJ/A Data Register 0 ] H'FFF9C \ D/A

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

D/A conversion data

DADR1—DI/A Data Register 1 ] H'FFF9D \ D/A

Bit 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

D/A conversion data

Rev. 5.0, 09/04, page 894 of 978
RENESAS




DACR—DIA Control Register ] H'FFF9E \ D/A

Bit 7 6 5 4 3 2 1 0

| DAOE1 | DAOEO | DAE | | | | | |

Initial value 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W
D/A enable
Bit 7 Bit 6 Bit 5
Description
DAOE1 DAOEO DAE

0 0 D/A conversion is disabled
in channels 0 and 1
D/A conversion is enabled
in channel 0

0 1 0
D/A conversion is disabled
in channel 1

0 1 1 D/A conversion is enabled
in channels 0 and 1
D/A conversion is disabled
in channel 0

1 0 0
D/A conversion is enabled
in channel 1

1 0 1 D/A conversion is enabled
in channels 0 and 1

1 1 D/A conversion is enabled
in channels 0 and 1

D/A output enable 0

0 | DAo analog output is disabled

Channel-0 D/A conversion and DAo
analog output are enabled

D/A output enable 1

0 | DA1 analog output is disabled

Channel-1 D/A conversion and DA1
analog output are enabled
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TPMR—TPC Output Mode Register ’ H'FFFAO TPC
Bit 7 6 5 4 3 2 1 0
’ e ‘ e ‘ e ‘ e ‘ G3NOV ‘ G2NoVv ‘ GINOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write =~ —— e R/IW R/IW R/IW R/IW
Group 0 non-overlap
Normal TPC output in group 0. Output values
0 | change at compare match A in the selected
16-bit timer channel
Non-overlapping TPC output in group 0O,
1 | controlled by compare match A and B in the
selected 16-bit timer channel
Group 1 non-overlap
o Normal TPC output in group 1. Output values change
at compare match A in the selected 16-bit timer channel
1 Non-overlapping TPC output in group 1, controlled by
compare match A and B in the selected 16-bit timer channel
Group 2 non-overlap
o Normal TPC output in group 2. Output values change at
compare match A in the selected 16-bit timer channel
1 Non-overlapping TPC output in group 2, controlled by
compare match A and B in the selected 16-bit timer channel
Group 3 non-overlap
0 Normal TPC output in group 3. Output values change at
compare match A in the selected 16-bit timer channel
1 Non-overlapping TPC output in group 3, controlled by
compare match A and B in the selected 16-bit timer channel
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TPCR—TPC Output Control Register ’ H'FFFAl TPC

Bit 7 6 5 4 3 2 1 0
’ G3CMS1 ‘ G3CMS0 ‘ G2CMS1 ‘GZCMSO ‘GlCMSl ‘ GlCMSO‘ GOCMSI‘ GOCMSO‘
Initial value 1 1 1 1 1 1 1 1
Read/Write RIW RIW RIW RIW RIW R/W R/W RIW

Group 0 compare match select 1 and 0

Bitl Bit0 16-Bit Timer Channel Selected as Output Trigger
GOCMS1 [GOCMSO0

0 TPC output group 0 (TP3 to TPo) is triggered by

0 compare match in 16-bit timer channel 0
TPC output group 0 (TP3 to TPo) is triggered by

! compare match in 16-bit timer channel 1
1 0 TPC output group 0 (TP3 to TPo) is triggered by

1 compare match in 16-bit timer channel 2

Group 1 compare match select 1 and 0

Bit 3 Bit 2
G1CMS1|GieMSo 16-Bit Timer Channel Selected as Output Trigger

0 TPC output group 1 (TP7 to TPa4) is triggered by

0 compare match in 16-bit timer channel 0
TPC output group 1 (TP7 to TPa4) is triggered by

1 compare match in 16-bit timer channel 1
1 0 TPC output group 1 (TP7 to TPa4) is triggered by

1 compare match in 16-bit timer channel 2

Group 2 compare match select 1 and 0

Bit5 Bit 4
G2CMS1 |G2eMso 16-Bit Timer Channel Selected as Output Trigger
0 0 TPC output group 2 (TP11 to TPs) is triggered by compare match in 16-bit timer channel 0
1 TPC output group 2 (TP11 to TPg) is triggered by compare match in 16-bit timer channel 1
0
1 1 TPC output group 2 (TP11 to TPs) is triggered by compare match in 16-bit timer channel 2

Group 3 compare match select 1 and 0
Bit 7 Bit 6
G3CMS1 |G3CMSO0

16-Bit Timer Channel Selected as Output Trigger

o 0 TPC output group 3 (TP1s to TP12) is triggered by compare match in 16-bit timer channel 0
1 TPC output group 3 (TP1s to TP12) is triggered by compare match in 16-bit timer channel 1
0

1 1 TPC output group 3 (TP1s to TP12) is triggered by compare match in 16-bit timer channel 2
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NDERB—Next Data Enable Register B ] H'FFFA2 \ TPC

Bit 7 6 5 4 3 2 1 0

| NDER15| NDER14 | NDER13 | NDER12 |NDER11 | NDER10| NDER9 | NDER8 |

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 15 to 8

Bits 7to O
Description
NDER15
to NDER8
TPC outputs TP15 to TPs are disabled
0 (NDR15 to NDRS8 are not transferred to PB7 to PBo)
1 TPC outputs TP15 to TPs are enabled
(NDR15 to NDRS8 are transferred to PB7 to PBo)
NDERA—Next Data Enable Register A ] H'FFFA3 \ TPC
Bit 7 6 5 4 3 2 1 0

| NDER7 | NDERG6 | NDER5 | NDER4 | NDER3 | NDER2 | NDER1 | NDERO |

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7 to O

Bits 7to O
Description
NDER7
to NDERO
TPC outputs TP7 to TPo are disabled
0 (NDR?7 to NDRO are not transferred to PA7 to PA0)
1 TPC outputs TP7 to TPo are enabled
(NDR7 to NDRO are transferred to PA7 to PAo)
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NDRB—Next Data Register B H'FFFA4/H'FFFAG6 | TPC

» Same trigger for TPC output groups 2 and 3
O Address HFFFA4

Bit 7 6 5 4 3 2 1 0

| NDR15 | NDR14 | NDR13 | NDR12 | NDR11 | NDR10 | NDR9 | NDR8 |

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/IW R/W R/W R/IW R/W R/W R/W

Store the next output data for TPC output group 3  Store the next output data for TPC output group 2

O Address H'FFFA6

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write

« Different triggers for TPC output groups 2 and 3
0 Address HFFFA4

Bit 7 6 5 4 3 2 1 0

| NDR15 | NDR14 | NDR13 | NDR12 | | | | |

Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W

Store the next output data for TPC output group 3

O Address H'FFFA6

Bit 7 6 5 4 3 2 1 0

| | | | |NDR11 | NDR10 | NDR9 | NDR8 |

Initial value 1 1 1 1 0 0 0 0
Read/Write R/W R/W R/W R/W

Store the next output data for TPC output group 2
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NDRA—Next Data Register A H'FFFAS5/H'FFFA7 | TPC

» Same trigger for TPC output groups 0 and 1
O Address HFFFA5

Bit 7 6 5 4 3 2 1 0
| NDR7 | NDR6 | NDR5 | NDR4 | NDR3 | NDR2 | NDR1 | NDRO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/IW R/W R/W R/IW R/IW R/IW R/W R/IW

Store the next output data for TPC output group 1 Store the next output data for TPC output group 0

O Address H'FFFA7

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write

« Different triggers for TPC output groups 0 and 1
0 Address HFFFA5S

Bit 7 6 5 4 3 2 1 0

| NDR7 | NDR6 | NDR5 | NDR4 | | | | |

Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W
Store the next output data for TPC output group 1
O Address H'FFFA7
Bit 7 6 5 4 3 2 1 0
| | | | | NDR3 | NDR2 | NDR1 | NDRO |

Initial value 1 1 1 1 0 0 0 0
Read/Write R/W R/W R/W R/W

Store the next output data for TPC output group 0
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SMR—Serial Mode Register ] H'FFFBO \ sclo

Bit 7 6 5 4 3 2 1 0
| C/IA | CHR | PE | OE | STOP | MP | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0
Read/Write ~ R/W RIW RIW RIW RIW RIW RIW RIW

Clock select 1 and 0
Bit 1 | BitO
CKS1 |CKSO0

Clock Source

0 |@clock

1 | @4 clock
0 | /16 clock
1 | @64 clock

Multiprocessor mode

0 | Multiprocessor function disabled
1 | Multiprocessor format selected

Stop bit length

0 One stop bit

1 | Two stop bits

Parity mode

0 | Even parity

1 | Odd parity

Parity enable

0 | Parity bitis not added or checked

1 | Parity bit is added and checked

Character length
0 8-bit data

1 | 7-bitdata

Communication mode (for serial communication interface)

0 | Asynchronous mode

1 | Synchronous mode

GSM mode (for smart card interface)

0 | TEND flag is set 12.5 etu* after start bit

1 | TEND flag is set 11.0 etu* after start bit

Note: * etu: Elementary time unit (time required to transmit one bit)
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BRR—Bit Rate Register ] H'FFFB1 \ SCI0
Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Serial communication bit rate setting
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SCR—Serial Control Register ’ H'FFFB2 SCI0
Bit 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Receive enable Clock enable 1 and 0
Receiving is (for serial communication interface)
0. 9 Bit 1 | Bit 0 L
disabled Description
— CKE1[CKEO
1 Receiving is A h d Internal clock, SCK pin
enabled Synchronous mode| . ailable for generic I/O
0 0
Synchron mod Internal clock, SCK pin
0 YNCNronous mode | ,seq for serial clock output
Transmit enable Internal clock, SCK pin
Asynchronous mode d for clock
[ 0 [Transmitting is disabled | 1 used for clock output
— Internal clock, SCK pin
[ 1 [Transmlmng is enabled ] Synchronous mode .
used for serial clock output
External clock, SCK pin
Asynchronous mode R
o used for clock input
External clock, SCK pin
Synchronous mode N :
1 used for serial clock input
External clock, SCK pin
Asynchronous mode ]
1 used for clock input
Synchron mod External clock, SCK pin
YNCNIoNous moce | ,co for serial clock input
Clock enable 1 and 0 (for smart card interface)
SMR | Bit1 | BitO Description
GM |CKEL| CKEO P
0 0 0 SCK pin available for generic I/O
1 SCK pin used for clock output
0 0 SCK pin output fixed low
1 1 SCK pin used for clock output
1 0 SCK pin output fixed high
1 SCK pin used for clock output

Receive interrupt enable

Transmit-end interrupt enable

[ 0 [Transmit-end interrupt requests (TEI) are disabled]

[ 1 [Transmit-end interrupt requests (TEI) are enabled ]

Multiprocessor interrupt enable

[ 0 [Multiprocessor interrupts are disabled (normal receive operation)]

[ 1 [Multiprocessor interrupts are enabled

[ 0 [Receive-data—full (RXI) and receive-error (ERI) interrupt requests are disabled ]

[ 1 [Receive-data—full (RXI) and receive-error (ERI) interrupt requests are enabled ]

Transmit interrupt enable

0 [Transmit-data-empty interrupt request (TXI) is disabled ]

l 1 [Transmit-data-empty interrupt request (TXI) is enabled ]

RENESAS
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TDR—Transmit Data Register ’ H'FFFB3 ‘ SCI0
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W RIW RIW RIW RIW RIW RIW RIW

Serial transmit data
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SSR—Serial Status Register ] H'FFFB4 sclo
Bit 7 6 5 4 3 2 1 0
| TDRE | RDRF | ORER |FER/ERS | PER | TEND | MPB | MPBT |
Initial value 1 0 0 0 0 1 0 0
Read/Write  RIW)*  RIW)*  RIW)*  RIW)*  RIW)* R R RIW

Multiprocessor bit transfer

| 0 |Multiprocessor bit value in transmit data is 0 |

| 1 |Multiprocessor bit value in transmit data is 1 |
Multiprocessor bit

[ 0 Multiprocessor bit value in receive datais 0|
| 1 |Multiprocessor bit value in receive data is 1 |
Transmit end (for serial communication interface)

[Clearing conditions]
0 | Read TDRE when TDRE = 1, then write 0 in TDRE.
The DMAC writes data in TDR.

[Setting conditions]

Reset or transition to standby mode

1 | TEiscleared to 0 in SCR.

TDRE is 1 when last bit of 1-byte serial character is
transmitted.

Transmit end (for smart card interface)

[Clearing conditions]
0 | Read TDRE when TDRE = 1, then write 0 in TDRE.
The DMAC writes data in TDR.

[Setting conditions]

Reset or transition to standby mode

1 | TEis cleared to 0 in SCR and FER/ERS is cleared to 0.
TDRE is 1 and FER/ERS is 0 (normal transmission) 2.5 etu*!
(when GM = 0) or 1.0 etu (when GM = 1) after 1-byte serial
character is transmitted.

Note: *1 etu: Elementary time unit (time required to transmit one bit)

Parity error

[Clearing conditions] Reset or transition to standby mode.

0 Read PER when PER = 1, then write 0 in PER

1 [Setting condition]  Parity error (parity of receive data does not match parity

setting of O/E bit in SMR)

Framing error (for serial communication interface)

0 [Clearing conditions] Reset or transition to standby mode.

Read FER when FER = 1, then write 0 in FER

1 |[Setting condition]

Framing error (stop bit is 0)

Error signal status (for smart card interface)

0 [Clearing conditions] Reset or transition to standby mode.

Read ERS when ERS = 1, then write 0 in ERS

1 |[Setting condition]

A low error signal is received

Overrun error

0 [Clearing conditions] Reset or transition to standby mode.

Read ORER when ORER = 1, then write 0 in ORER

1 |[Setting condition]

Overrun error (reception of the next serial data ends when RDRF = 1)

Receive data register full

0 [Clearing conditions] Reset or transition to standby mode.
Read RDRF when RDRF = 1, then write 0 in RDRF
The DMAC reads data from RDR

1 |[Setting condition]

Serial data is received normally and transferred from RSR to RDR

Transmit data register empty

0

[Clearing conditions] Read TDRE when TDRE = 1, then write 0 in TDRE
The DMAC writes data in TDR

[Setting conditions]  Reset or transition to standby mode.

TEis 0in SCR

Data is transferred from TDR to TSR, enabling new data to be written in TDR.

Note: * Only 0 can be written, to clear the flag.

Rev. 5.0, 09/04, page 905 of 978

RENESAS




RDR—Receive Data Register ] H'FFFB5 \ SCI0
Bit 7 6 4 3 2 0

Initial value 0 0 0 0 0 0
Read/Write R R R R R R

Serial receive data
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Bit

Initial value

SCMR—Smart Card Mode Register ’ H'FFFB6 SCI0
7 6 5 4 3 2 1
| —_— | _ | _ | e | SDIR | SINV| _ | SMIF |
1 1 1 1 0 0 1 0
JE— J— _ _ R/W R/W —_— R/W

Read/Write

=

Smart card interface mode select

0 Smart card interface function is disabled  (Initial value)

1 Smart card interface function is enabled

Smart card data invert

Unmodified TDR contents are transmitted (Initial value)
0

Receive data is stored unmodified in RDR
1 Inverted 1/0 logic levels of TDR contents are transmitted

1/0 logic levels of received data are inverted before storage in RDR

Smart card data transfer direction

TDR contents are transmitted LSB-first (Initial value)
0

Receive data is stored LSB-first in RDR
. TDR contents are transmitted MSB-first

Receive data is stored MSB-first in RDR
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SMR—Serial Mode Register ] H'FFFB8 \ sci1

Bit 7 6 5 4 3 2 1 0
| C/A | CHR | PE | OE | STOP | MP | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Note: Bit functions are the same as for SCIO.

BRR—Bit Rate Register ] H'FFFB9 \ scil
Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for SCIO.

SCR—Serial Control Register ] H'FFFBA \ sci1
Bit 7 6 5 4 3 2 1 0

| TIE | RIE | TE | RE | MPIE | TEIE | CKE1 | CKEO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for SCIO.
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TDR—Transmit Data Register ’ H'FFFBB ‘ SCiL

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/IW R/W R/W

Note: Bit functions are the same as for SCIO.

SSR—Serial Status Register ] H'FFFBC \ sci1
Bit 7 6 5 4 3 2 1 0
| TDRE | RDRF | ORER |FER/ERS | PER | TEND | MPB | MPBT |
Initial value 0 0 0 0 0 1 0 0
Read/Write  RIW)*  RIW)*  RIW)*  RIW)* RI(W)* R R RIW

Notes: Bit functions are the same as for SCIO.

* Only 0 can be written, to clear the flag.

RDR—Receive Data Register ] H'FFFBD \ sci1
Bit 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

Note: Bit functions are the same as for SCIO.
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SCMR—Smart Card Mode Register ] H'FFFBE \ sci1

Bit 7 6 5 4 3 2 1 0
| | | | | SDIR | SINV | _— | SMIF |
Initial value 1 1 1 1 0 0 1 0
Read/Write R/W R/W R/IW

Note: Bit functions are the same as for SCIO.
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SMR—Serial Mode Register ] H'FFFCO \ scI2
Bit 7 6 5 4 3 2 1 0
| C/A | CHR | PE O/E | STOP | MP CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/IW R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.
BRR—BIt Rate Register | HFFFC1 | sci2
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/IW R/W R/IW R/W R/W R/IW R/W R/IW
Note: Bit functions are the same as for SCIO.
SCR—Serial Control Register ’ H'FFFC2 ‘ SCiI2
Bit 7 6 5 4 3 2 1 0
| TIE | RIE | TE RE | MPIE | TEIE CKE1 | CKEO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/IW R/W R/W R/W R/W R/W

Note: Bit functions are the same as for SCIO.
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TDR—Transmit Data Register ] H'FFFC3 \ scI2
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.
SSR—Serial Status Register ] H'FFFC4 \ scI2
Bit 7 6 5 4 3 2 1 0
| TDRE | RDRF | ORER | FER/ERS | PER | TEND MPB | MPBT |
Initial value 1 0 0 0 0 1 0 0
Read/Write R/I(W)* R/(W)* R/I(W)* R/(W)* R/(W)* R R R/W
Notes: Bit functions are the same as for SCIO.
* Only 0 can be written, to clear the flag.
RDR—Receive Data Register ] H'FFFC5 \ sclI2
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

Note: Bit functions are the same as for SCIO.
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SCMR—Smart Card Mode Register ’ H'FFFC6 ‘ SCI2

Bit 7 6 5 4 3 2 1 0
| | | | | SDIR | SINV | e | SMIF |
Initial value 1 1 1 1 0 0 1 0
Read/Write R/W R/W R/IW

Note: Bit functions are the same as for SCIO.
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P1DR—Port 1 Data Register | HFFFDO | Port1
Bit 7 6 5 4 3 2 1 0
| P17 | Ple P1s Pla | P13 | P12 P11 | Plo
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data for port 1 pins
P2DR—Port 2 Data Register | HFFFD1 | Port 2
Bit 7 6 5 4 3 2 1 0
| P27 | P26 P2s P24 | P23 | P22 P21 | P20
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data for port 2 pins
P3DR—Port 3 Data Register | HFFFD2 | Port3
Bit 7 6 5 4 3 2 1 0
| P37 | P36 P3s P34 | P33 | P32 P31 | P30
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port 3 pins
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P4DR—Port 4 Data Register ] H'FFFD3 \ Port 4

Bit 7 6 5 4 3 2 1 0
| P47 | P46 | P4s | P44 | P43 | P42 | P41 | P40 |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/IW R/IW R/IW R/IW R/IW R/IW R/IW R/IW

Data for port 4 pins

P5DR—Port 5 Data Register ] H'FFFD4 \ Port 5
Bit 7 6 5 4 3 2 1 0
| | | | | P53 | P52 | P51 | P50 |
Initial value 1 1 1 1 0 0 0 0
Read/Write R/W R/W R/W R/W

Data for port 5 pins

P6DR—Port 6 Data Register ] H'FFFD5 \ Port 6
Bit 7 6 5 4 3 2 1 0
| P67 | P66 | P6s | P64 | P63 | P62 | P61 | P60 |
Initial value 1 0 0 0 0 0 0 0
Read/Write R R/W R/W R/W R/W R/W R/W R/W

Data for port 6 pins
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P7DR—Port 7 Data Register ] H'FFFD6 \ Port 7

Bit 7 6 5 4 3 2 1 0
| P77 | P76 | P75 | P74 | P73 | P72 | P71 | P70 |
Initial value * * * * * * *
Read/Write R R R R R R R R

Data for port 7 pins

Note: * Determined by pins P77 to P7o.

P8DR—Port 8 Data Register ] H'FFFD7 \ Port 8
Bit 7 6 5 4 3 2 1 0
| | | | P84 | P83 | P82 | P81 | P8o |
Initial value 1 1 1 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W

Data for port 8 pins
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PO9DR—Port 9 Data Register ] H'FFFD8 \ Port 9

Bit 7 6 5 4 3 2 1 0

| e | e | P9s | P94 | P93 | P92 | P91 | P9o |
Initial value 1 1 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W

Data for port 9 pins

PADR—Port A Data Register ] H'FFFD9 \ Port A
Bit 7 6 5 4 3 2 1 0
| PA7 | PAs | PAs | PA4 | PA3 | PA2 | PA1 | PAo |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port A pins

PBDR—Port B Data Register ] H'FFFDA \ Port B
Bit 7 6 5 4 3 2 1 0
| PB7 | PBs | PBs | PB4 | PB3 | PB2 | PB1 | PBo |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port B pins
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ADDRA H/L—A/D Data Register A H/L ‘ H'FFFEO, H'FFFE1 ’ A/D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|AD9|AD8|AD7|AD6|AD5|AD4|AD3 |AD2|AD1|ADO| — | — | — | — | — | — |

Initalvaie 0 O0 O O O O O O O O O O O O o0 O
ReadWrite R R R R R R R R R R R R R R R R

ADDRAH ADDRAL

A/D conversion data
10-bit data giving an A/D conversion result

ADDRB H/L—A/D Data Register B H/L ‘ H'FFFE2, H'FFFE3 ’ A/D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|AD9|AD8|AD7|AD6|AD5|AD4|AD3 |AD2|AD1|ADO| — | — | — | — | — | — |

Initalvaie 0 O0 O O O O O O O O O O O O o0 o0
ReadWrite R R R R R R R R R R R R R R R R

ADDRBH ADDRBL

A/D conversion data
10-bit data giving an A/D conversion result
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ADDRC H/L—A/D Data Register C H/L ’ H'FFFE4, H'FFFES ’ A/D

Bit 15 14 13 12 11 10 5 4 3 2 1 0
|AD9|AD8|AD7|AD6|AD5|AD4|AD3 |AD2|ADl|ADO| — | — | — | — | — | — |

Initial value 0 0 O 0O O 0O o0 0 O 0
Read/Write R R R R R R R

0o 0 O o o0 o
R R R R R R R R R

ADDRCH ADDRCL

A/D conversion data
10-bit data giving an A/D conversion result

ADDRD H/L—A/D Data Register D H/L ’ H'FFFEG, H'FFFE7 ’ A/D

Bit 15 14 13 12 11 10 5 4 3 2 1 0
|AD9|AD8|AD7|AD6|AD5|AD4|AD3 |AD2|AD1|ADO| — | — | — | —_ | —_ | —_ |
Initial value 0 0 O 0O 0 0O 0 0
Read/Write R R R R R R R

R R R R R R R R R

ADDRDH ADDRDL

A/D conversion data
10-bit data giving an A/D conversion result

ADCR—A/D Control Register ] H'FFFEQ ] A/ID
Bit 7 6 5 4 3 2 1 0
[ree | — | — | —[—[—|—]—]
Initial value 0 1 1 1 1 1 1 0
Read/Write R/W

T R/W

Trigger Enable

0 A/D conversion start by external trigger or 8-bit timer
compare match is disabled

1 A/D conversion is started by falling edge of external
trigger signal (ADTRG) or 8-bit timer compare match
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ADCSR—A/D Control/Status Register ’ H'FFFE8 A/D

Bit

Initial value
Read/Write

7 5 4 3 2 1 0
| ADF | ADIE | ADST | SCAN | CKS | CH2 | CH1 | CHO |
0 0 0 0 0 0 0 0
R/I(W)* R/W R/W R/W R/W R/W R/W R/W
I I
Clock select Channel select 2 to 0
Conversion time = Group Selection|Channel Selection Description
134 states (maximum) CH2 |CH1|CHO|Single Mode| Scan Mode
1 Conversion time = 0 0 ANo ANo
70 states (maximum) 1 AN1 ANo, AN1
0 1 O | ANe ANo to AN2
1 AN3 ANo to AN3
0 0 AN4 AN4
Scan mode 1 [ ANs AN4, ANs
0 | Single mode 1 1 Lo ] ANe AN to ANs
1 | Scan mode 1 AN7 ANa4 to AN7
A/D start
0 | A/D conversion is stopped
Single mode: A/D conversion starts; ADST is automatically cleared to 0 when conversion ends
1 | Scan mode: A/D conversion starts and continues, cycling among the selected channels ADST
is cleared to 0 by software, by a reset, or by a transition to standby mode
A/D interrupt enable
0 A/D end interrupt request is disabled
1 A/D end interrupt request is enabled
A/D end flag
[Clearing conditions]
O | Read ADF when ADF = 1, then write 0 in ADF
The DMAC is activated by an ADI interrupt
1 | [Setting conditions]
Single mode: A/D conversion ends
Scan mode: A/D conversion ends in all selected channels

Note: * Only 0 can be written, to clear the flag.
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Appendix C /O Port Block Diagrams

Cl Port 1 Block Diagram

Software

standby SSOE

Hardware standby Mode 7
External bus =
released 2
Modes 1 to 4 Re‘set s ﬁ
R ﬁ Q
g S
Q — | o ks
P1,DDR = =
£ c
L L
C = c
\
WP1D
Reset

Mode 7 ‘

R

B Q P1,DR

Modes ?
1t05 e
RP1
4l> >
[Legend]

WP1D: Write to PIDDR

WP1: Write to port 1

RP1: Read port1l

SSOE: Software standby output port enable
n=0to7

FigureC.1 Port 1 Block Diagram
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C.2 Port 2 Block Diagram
Software Reset
standby SSOE |
R =
(]
g | o
E)O—OC:[3 Q p2 pcr P 2|3
C T | |3
\ c| |
RP2P WP2P S| |E
Mode 7 3] 3]
c c
Hardware standby Reset = =
External bus Modes 1 to 4 |
released R
Q P2,DDR D
C
\
WP2D
Reset
Mode 7 ‘
R
P2, | Q p2or P
C
Modes \
1to5 WP2
’\ECE— RP2
L~
[Legend]
WP2P: Write to P2PCR
RP2P: Read P2PCR
WP2D: Write to P2DDR
WP2: Write to port 2
RP2: Read port 2
SSOE: Software standby output port enable
n=0to7

FigureC.2 Port 2 Block Diagram
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C3 Port 3 Block Diagram

fx =
Reset S k]
‘ 2 =
Hardware standby R é é
External Mode 7 I I
bus released Q oH— |3 3
Write to external P3,DDR 3 T
address 5 5
c c =
\
WP3D
Reset
\
R
Mode 7
D
P3n Q P3,DR
Modes (‘:
1t05 WP3
RP3

Read external
address

[Legend] L -
WP3D: Write to P3DDR

WP3: Write to port 3

RP3: Read port 3

n=0to7

Figure C.3 Port 3 Block Diagram
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C4 Port 4 Block Diagram

8-bit bus 16-bit bus
mode mode

Mode 7 | Modes
1to5

, =

Internal data bus (upper)

Hardware
standby
b Write to external P4,DDR
‘ address

External bus CE

release WP4D
Reset
|
R
P4, D
P4,DR

C

T
WP4

FCE RP4
™S
L~ L~
Read external
address
[Legend] L

WP4P: Write to PAPCR
RP4P: Read P4PCR
WPA4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4
n=0to7

Internal data bus (lower)

FigureC.4 Port 4 Block Diagram
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C5 Port 5 Block Diagram

Software

standby SSOE

T] pb— T
Q
[=3 %)
=) >
\m/ o
2|8
P o
Hardware standby Mode 7 § §
External bus = =
released Modes 1 to 4 Reset g 5
| E E
R
QPSnDDR
C
T
WP5D
Reset
Mode 7 !
R
D |
mer Q P5,DR
C
T
Modes WP5
1to5
JCL -
™~

L L
[Legend]
WP5P: Write to PSPCR
RP5P: Read P5PCR
WP5D: Write to PSDDR
WP5:  Write to port 5
RP5: Read port5
SSOE: Software standby output port enable
n=0to 3

FigureC.5 Port 5Block Diagram
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C.6  Port 6 Block Diagrams

Reset
|
R 8
Qo
D 8
Hardware standby P6,DDR IS
‘© Bus controller
C c T
T [} :
Mode 7 WP6D . WAIT
input
Reset enable
|
R
P6¢ d
< D
P6,DR
C
T
WP6
— RP6
™ Bus controller
L~ L~ B
[Legend] ‘
WP6D: Write to P6DDR ol> . WAIT
input

WP6: Write to port 6
RP6: Read port 6

Figure C.6 (a) Port 6 Block Diagram (Pin P6g)
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Reset

R § Bus
fu controller
Hard db Q DI— _g T
ardware standby P6,DDR s
c
C g |
T = :
Mode 7 WP6D — | Busrelease
Reset ' enable
- |
R 1
P61 L i
~ P6,DR |
¢ |
‘ I
WP6 !
FCE |
™~ 3
L~ e :
cl> > BREQ input
[Legend] |

WP6D: Write to PEDDR
WP6: Write to port 6
RP6: Read port 6

Figure C.6 (b) Port 6 Block Diagram (Pin P6,)
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P62

J—CL RPG
L

D>

[Legend]

WP6D: Write to PEDDR
WP6: Write to port 6
RP6: Read port 6

L 2]
Hardware standby R 3
©
Q D 3
P6,DDR T
c
Cc 9]
T c
WP6D -
Re§et
R
Q D
P6,DR Bus controller
C T
T |
/—|£F Mode 7 WP6 Bus release
N—T ' enable
i <lw BACK
3 output

FigureC.6 (c) Port 6 Block Diagram (Pin P6y)
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standby | Mode 7

Hardware standby
External bus

released Reset
\
R
P63DDR
Mode 7 C
\
WP6D
Reset
\
R
Mode 7
P6.
N Modes P63DR
1to5
C
\
WP6
RP6
4' > L~
[Legend]
WP6D:  Write to P6DDR
WP6: Write to port 6
RP6: Read port 6
SSOE: Software standby output port enable

Internal data bus

Bus controller

Figure C.6 (d) Port 6 Block Diagram (Pin P63)

RENESAS
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standby | Mode 7

Hardware standby
External bus
released

Mode 7

Mode 7

P64 Modes
1to5

Internal data bus

Bus controller

WE output
enable

RP6

[> L
[Legend]

WP6D: Write to PEDDR

WP6: Write to port 6

RP6: Read port 6

SSOE: Software standby output port enable

FigureC.6 () Port 6 Block Diagram (Pin P64)
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SSOE

Software
standby | Mode 7

Hardware standby
External bus
released Reset
\ 0
R a2
8
©
| ©
Q P6,DDR =
o
g
Mode 7 C £
\
WP6D
Reset
\
R
Mode 7
e Modes Q pe.pr P| | | Bus controller
1to5 rTmeneeonoenee
l c CAS output
T . enable
WPe HWR output
: LWR output
: UCAS output
E LCAS output
RP6

D L
[Legend]

WP6D: Write to P6DDR

WP6:  Write to port 6

RP6: Read port 6

SSOE: Software standby output port enable
n=5and6

FigureC.6 (f) Port 6 Block Diagram (Pins P65 and P6g)
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Hardware standby

Internal data bus

P67 [+—<|

- (CD RP6

\i

L~ L~

[Legend]
RP6: Read port 6

@ output enable

@ output

FigureC.6 (g) Port 6 Block Diagram (Pin P67)
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C.7 Port 7 Block Diagrams

2]
jun]
Q
<
RP7 g
P7n '|> & g
Q
IS
:] A/D converter
1 — Analog input
[Legend] T G:; Input enable
RP7: Read port 7 + Channel select signal
n=0to5 ‘
FigureC.7 (@) Port 7 Block Diagram (Pins P7qto P7s)
%2}
>
o]
o
RP7 @
P7n '|> & TErj
2
£
fo<l— A/D converter
3 = Analog input
T G: Input enable
L Channel select signal
D/A converter
JL °<} " Output enable
1 ‘ Analog output
[Legend]
RP7: Read port 7
n=6and?7

FigureC.7 (b) Port 7 Block Diagram (Pins P7g and P77)
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C.8  Port 8 Block Diagrams
Hardware
standb
y SSOE Reset
Software standby :
External bus R
released "
D =]
Qo
P8,DDR ©
c S
: =
WP8D g
Reset g
‘ IS Bus controller
R .
P8o i D —— Self-refresh
P8,DR ' output enable
Cc |
T 1
/—FF\ Mode 7 Wp8 1 RFSH output
' enable
: <lw RFSH
l output
—— RP8
Interrupt
L~ _ controller
[Legend] 1
WP8D: Write to PSDDR L
WP8:  Write to port 8 cl> : IRQo
RP8: Read port 8 . Input
SSOE: Software standby output port enable ‘

FigureC.8 (a) Port 8 Block Diagram (Pin P8p)
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SSOE

Software standby
External bus release

7T Reset
R 2
Hardware standby ©
DI~ |=
P8,DDR >
[
C £
T 9
WP8D =
4@— Mode 7 Reset
Il
R
P8, — Modes 1t0 5 Q D
P8, DR
(F Bus controller
WP8 1 7777777777777
: CS;output
<T{C|b-‘ RAS; output
RAS; output enable
" Area 3 DRAM
g{:'j— ! connection enable
*— RP8
Interrupt
N controller
| [ e

Ci> 1 IRQ; input

[Legend]

WP8D: Write to PBDDR
WP8: Write to port 8
RP8: Read port 8
SSOE: Software standby output port enable

FigureC.8 (b) Port 8 Block Diagram (Pin P81)
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SSOE

Software standby
External bus release

Reset
|
Hardware R é
standby ]
D <
P8,DDR >
<
C £
T L
WP8D <
Reset
|
Mode 7 R
P8, Modes 1 to 5 Q b
P8,DR
9 Bus controller
WP8 oo
: CS, output
@-‘ RAS, output
; RAS, output enable
F(:L RPS
Interrupt
'|> > controller
Ci> 1 IRQ, input
[Legend] 1

WP8D: Write to PSBDDR

WP8:  Write to port 8

RP8: Read port 8

SSOE: Software standby output port enable

FigureC.8 (c) Port 8 Block Diagram (Pin P8y)
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P83

Mode 7 Software standby
ZO;( ‘ ’—Iij SSOE

External bus release A
[2]
>
Reset -
| g
R 3
D ©
O— Hardware standby P83DDR S
L £ Bus controller
WP8D |
‘<lo CS: output
Re‘set o
— Mode 7 R
Q D
P83DR
— Modes 1to 5 c
T
WP8
1 RP8
> > Interrupt controller
Ol> = |RQs input
A/D converter
Ol> / s» ADTRG input
[Legend]

WP8D: Write to PBDDR

WP8:  Write to port 8

RP8: Read port 8

SSOE: Software standby output port enable

Figure C.8 (d) Port 8 Block Diagram (Pin P83)

RENESAS
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Reset Modes 1to 4

Bus controller

Mode 7 Software standby
SSOE
External bus release
S R 3
Keo)
ol
b T113
Hardware standby P8,DDR g
& 5
WP8D £
Reset
Il
R
— Mode 7
Dl
P
B4 P8,DR
—— Modes 1t0 5
C
T
WP8
’\r@ RP8
™
L~ L~
[Legend]

WP8D: Write to PBDDR

WP8: Write to port 8

RP8: Read port 8

SSOE: Software standby output port enable

FigureC.8 (e) Port 8 Block Diagram (Pin P8,)
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C.9  Port 9Block Diagrams
Reset
|
Hardware R
standby @
Ke)
ot
P9,DDR 8
c IS
‘ £
WP9D IS
Reset =
|
R
P9o Q
P9y,DR
0 scl
C ,,,,,,,,,,
J I
WP9 ' Output
' enable
— Serial
' transmit
. data
i ‘ Guard
time
’\]—CL RP9
™S
[Legend] L L~
WP9D: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

FigureC.9 (a) Port 9 Block Diagram (Pin P9p)

RENESAS
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Hardware R
standby »
]
Ke)
DI | g
P9,DDR g
C IS
‘ S
WP9D IS
Reset =
|
R
PO P9, DR 7
! el
C T
‘ |
WP9 i Output
' enable
Serial
¢ transmit
1 . data
4’9@ — — Guard time
’\J—CF— RP9
™S
L~ L
[Legend]

WP9ID: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

FigureC.9 (b) Port 9 Block Diagram (Pin P91)
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Hardware standby

Q
@)
Internal data bus

P92 < Q DfF—

Serial receive
data

FCL RPY
[Legend]

WP9ID: Write to PODDR
WP9:  Write to port 9
RP9: Read port9

FigureC.9(c) Port 9 Block Diagram (Pin P9,)
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P93

Q
Hardware standby P93DDR

Internal data bus

Y

\i

Input enable

= Serial receive data

[Legend]

WP9OD: Write to PODDR
WP9:  Write to port 9
RP9:  Read port 9

FigureC.9 (d) Port 9 Block Diagram (Pin P93)
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R [2]
>
Hardware standby =
Q DI =
P9,DDR =
c k3 scl
C -
WPSD — Clock input
Reset ! enable
R |
P94 Q D w
P9,DR !
c |
T 1
WP9 | Clock output
" enable
Clock output
T |
—> L~ |
= Clock input
[Legend] .
WP9OD: Wr!te to P9DDR Interrupt
WP9:  Write to port 9 controller
RP9: Read port 9 T
cl> = IRQ, input

FigureC.9 (e) Port 9 Block Diagram (Pin P9,)
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P95

(2]
=}
o]
8
Re‘set s
Hardware standby R s
D s
P9sDDR £
c 1S
‘ |
WP9D | Clock input
Re‘set ! enable
R |
D |
P9sDR :
c :
T |
WP9 . Clock output
: enable
— Clock output
i— RP9 |
S !
L L Vo .
= Clock input__
Interrupt controller
Ol> 3‘ IRQs input
[Legend] ‘

WPOD: Write to PODDR
WP9:  Write to port 9
RP9:  Read port 9

Figure C.9 (f) Port 9 Block Diagram (Pin P9s)
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C.10 Port A Block Diagrams

Reset
1
Hardware standby R é
o]
P s
PA,DDR §
: g  TPC
WPAD T
Re§et
R — TPC
' output
Q D . ' enable
o PA,DR ;
— Next data
= |
WPA !
| Output
'+ trigger
DMA controller
. Output
| enable
— Transfer
' end output

N y\i@: "~ RPA ,16-bit timer

L~ I L~

i _ Counter
[Legend] 1~ clock input
WPAD: Write to PADDR .
WPA:  Write to port A 8-bit timer
RPA: Read port A T
n=0and1 | Counter

i clock input

,,,,,,,,,,,,

FigureC.10 (a) Port A Block Diagram (Pins PAg, PA1)
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Reset

Hardware standby R

PA,DDR

T
WPAD
Reset
1

PAn
PA,DR

Internal data bus

WPA

Output

trigger

Output

enable

b
- T o

\

<

Compare
match
output

— > Input

capture

[Legend]
WPAD: Write to PADDR
WPA:  Write to port A
RPA: Read port A
n=2and3

= Counter
clock

Counter
clock input

Figure C.10 (b) Port A Block Diagram (Pins PA,, PA3)
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Software standby
SSOE

Bus released

Address output enable

Mode 3/4 Reset 9 )
L o o
R o] @
Hardware g 9_"3
standby o 5 3 %
PA,DDR 3| s
c = 3 TPC
T = fmm
WPAD = 3
Reset
| 1
R — TPC output
PA, ' enable
Q D : 1
PAnDR ~ Next data
C |
< i
g |
— Output trigger
16-bit timer
3 Output enable
1 Compare match
’\[G: ' output
L~ 3
’\@, PRA ‘
4> [ L~ |
[Legend] ‘ Input capture

WPAD: Write to PADDR

WPA: Write to port A

RPA: Read port A

SSOE: Software standby output port enable
n=4t7

Note: The PA; address output enable setting is fixed at 1 in modes 3 and 4.

Figure C.10 (c) Port A Block Diagram (PinsPA4to PA7)
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C.11 Port B Block Diagrams

Software
standby
SSOE Reset 9
R o
Hardware standby o]
©
D 3
PBoDDR S _Bus controller
C =i
‘ . CS7
Bus released WPBD 1 output
‘ — CS output enable
‘ Re§et ,,,,TEQ ,,,,,,
Modes R — TPC output
PBo 1t05 | enable
I Q D | :
PBoDR — Next data
¢ 1
WPB !
3 Output trigger
8-bit timer

i

Output enable

h :
S g

L

[Legend]

WPBD: Write to PBDDR

WPB: Write to port B

RPB: Read port B

SSOE: Software standby output port enable

Compare
match output

FigureC.11 (a) Port B Block Diagram (Pin PBy)
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[2]
>
o)
Software standby %
SSOE Reset o
Hardware R el
standby 5
Q D £
PB.DDR ~ Bus controller
c 1
T ‘
: CS6 output
Bus released WPED ! <ICF p
— CS output enable
Modes Reset - L2 output en
1t05 L S
PB: R — TPC output enable
Q D 1
| PB1DR ] l
< ~ Next data
WPB ;
f Output trigger
8-bittimer
~ Output enable
Compare match output

- TMO3 input

_ DREQO

@ RPB |
'|> | > . TMO2

[Legend]

WPBD: Write to PBDDR

WPB: Write to port B

RPB: Read port B

SSOE: Software standby output port enable

FigureC.11 (b) Port B Block Diagram (Pin PB)
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Hardware
standby

SSOE
Software standby
External bus release

Re§et
R

D
PB2DDR
C

T
WPBD

Internal data bus

Bus controller

RAS; output enable
. Area 5 DRAM connection

ane

| output enable

: RAS; output
CS; output

PB2 Mode 7| i
G;—C[i” R
Q D

CS; output enable

WPB

Output enable

RPB

N E
L~ L~

[Legend]

WPBD: Write to PBDDR
WPB:  Write to port B
RPB: Read port B

SSOE: Software standby output port enable

Note: Area 5 DRAM connection output enable, RASs output enable,

and CSg output enable are all fixed at 0 in mode 7.

Compare match output

FigureC.11 (c) Port B Block Diagram (Pin PB»)
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PB3

SSOE
Software standby
External bus release

Rqset
Hardware R
standby
D
% PB3DDR
C
T
WPBD

Internal data bus

Bus controller

— RAS, output enable
' Area 4 DRAM connection

ane

' output enable

Mode 7
G;—C[iﬁ R
Q D

Re§et

PB3DR

RAS, output
CS, output

CS, output enable

TPC output enable

tWPB

Next data

Output trigger

Output enable

RPB

\V4

=

Compare match output

[Legend]

WPBD: Write to PBDDR
WPB:  Write to port B
RPB: Read port B

>

SSOE: Software standby output port enable

Note: Area 4 DRAM connection output enable, RAS, output enable,

and CS, output enable are all fixed at 0 in mode 7.

= DREQ, input

FigureC.11 (d) Port B Block Diagram (Pin PB3)
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Hardware standby

— External bus release
— SSOE
+— Software standby

Reset
|
R
D
PB,DDR
C
T
WPBD
Re;et
R
1 Q D
PB.
4 ~ PB,DR
C
P Cl:f RPB
>
[Legend]
WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read port B
SSOE: Software standby output port enable

Internal data bus

TPC output
enable

WPB

Next data

Note: In mode 7, CAS output enable is fixed at 0.

FigureC.11 (e¢) Port B Block Diagram (Pin PB)
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PBs

External bus release

Software standby

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read port B

SSOE: Software standby output port enable

SSOE
2]
a
Hardware CE Reset 8
standby | 3
R ©
o
D @
PBsDDR E
E scl
WPBD ' Clock input
i-_enable
Reet TPC
R I TPC output enable
D |
A PBsDR :
~ c ‘ Next data
WPB \
~ Output trigger
_Bus controller
— CAS output enable
. CAS output
SCl_________
i Clock output
— enable
I Clock output
I E——F RPB 3
N |
L~ % i
> Clock input _
[Legend] Note: In mode 7, CAS output enable is fixed at 0.

FigureC.11 (f) Port B Block Diagram (Pin PBs)

Rev. 5.0, 09/04, page 953 of 978

RENESAS




Reset

R 2
Hardware standby <
Q D S
PBgDDR E
c 8
T £
WPBD __TPC__
Reset !
R — TPC
| output
PBs Q D L ! enable
PBgDR !
6 — Next data
C 1
WPB !
+ Output
1 trigger
SCL____
— Output enable
: Serial transmit data
<l§<:|—‘ - Guard time
N V\TC[;* RPB
L L
[Legend]

WPBD: Write to PBDDR

WPB: Write to port B
RPB: Read port B

FigureC.11(g) Port B Block Diagram (Pin PBg)
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Reset
|

2]
>3
R S
r)f Hardware standby =
Q D o
PB,DDR g
9]
= E scl
WPBD ~ Input enable
Reset TPC
| T T T
R = TPC
| output
PB; < Q D [ 1 enable
PB7DR ~ Next data
Cc |
WPB }
~ Output
' trigger

N (CIL* RPB

L~ L _.sc .
[Legend] . Serial receive
WPBD: Write to PBDDR 1 data
WPB: Write to port B |
RPB: Read portB ‘

FigureC.11 (h) Port B Block Diagram (Pin PB-)
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Appendix D Pin States

D.1 Port Statesin Each Mode

TableD.1 Port States

Hardware
Pin Standby  Software Standby Bus-Released Program Execution
Name Mode Reset Mode Mode Mode Mode
Pl,to 1to4 L T (SSOE=0) T A, to Ag
P1, T
(SSOE=1)
Keep
5 T T (DDR=0) T (DDR=0)
Keep Input port
(DDR=1, SSOE=0) (DDR=1)
T A, to Ag
(DDR=1, SSOE=1)
Keep
7 T T Keep — 1/O port
P2;to 1to4 L T (SSOE=0) T A5 to Ag
P2, T
(SSOE=1)
Keep
5 T T (DDR=0) T (DDR=0)
Keep Input port
(DDR=1,SSOE=0) (DDR=1)
T A5 to Ag
(DDR=1,SSOE=1)
Keep
7 T T Keep — 1/O port
P3;to 1to5 T T T T D5 to Dg
P3,
7 T T Keep — 1/0O port
P4,t0 1,3,5 T T Keep Keep 1/0O port
P4,
2,4 T T T T D, to Dy
T T Keep — 1/O port
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Hardware

Pin Standby  Software Standby Bus-Released Program Execution
Name Mode Reset Mode Mode Mode Mode
P5;t0 1to4 L T (SSOE=0) T A9 to Asg
P5q T
(SSOE=1)
Keep
5 T T (DDR=0) T (DDR=0)
Keep Input port
(DDR=1, SSOE=0) (DDR=1)
T A9 to Asg
(DDR=1, SSOE=1)
Keep
7 T T Keep — 1/O port
P6, lto5 T T Keep Keep I/O port
WAIT
7 T T Keep — 1/0O port
P6, 1to5 T T (BRLE=0) T I/0 port
Keep BREQ
(BRLE=1)
T
7 T T Keep — I/O port
P6, lto5 T T (BRLE=0) L (BRLE=0)
Keep 1/O port
(BRLE=1) (BRLE=1)
H BACK
7 T T Keep — 1/0O port
P6gto 1t05 T (SSOE=0) T AS, RD,
P64 T HWR, LWR
(SSOE=1)
H
7 T T Keep — 1/O port
P6, 1to5 Clock T (PSTOP=0) (PSTOP=0) (PSTOP=0)
output H ® ®
(PSTOP=1) (PSTOP=1) (PSTOP=1)
Keep Keep Input port
7 T T (PSTOP=0) (PSTOP=0) (PSTOP=0)
H ? ¢
(PSTOP=1) (PSTOP=1) (PSTOP=1)
Keep Keep Input port
P7,t0 1to T T T T Input port
P7, 57
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Hardware

Pin Standby  Software Standby Bus-Released Program Execution

Name Mode Reset Mode Mode Mode Mode

P8, lto5 T T When DRAM space is When DRAM space is (RFSHE=0)
not selected** selected** I/O port
(RFSHE=0) (RFSHE=0) (RFSHE=1)
Keep Keep RFSH
(RFSHE=1) (RFSHE=1)
lllegal setting lllegal setting
When DRAM space is When DRAM space is
selected*? selected*?
(RFSHE=0) (RFSHE=0)
Keep Keep
(RFSHE=1, SRFMD=0, (RFSHE=1)
SSOE=0) T
T
(RFSHE=1, SRFMD=0,
SSOE=1)
H
(RFSHE=1, SRFMD=1)
RFSH

7 T T Keep — 1/0O port

P8, 1to5 T T When DRAM space is When DRAM space is When DRAM space is
selected and RAS;is  selected and RAS;is  selected and RAS; is
output*® output*® output
(SSOE=0) T RAS,
T When DRAM space is When DRAM space is
(SSOE=1) selected and RAS;is  selected and RAS; is
H not output ** not output
When DRAM space is Keep 1/O port
selected and RAS;is  Otherwise** Otherwise
not output** (DDR=0) (DDR=0)
Keep Keep Input port
Otherwise*® ** (DDR=1) (DDR=1)
(DDR=0) T CS;
T
(DDR=1, SSOE=0)
T
(DDR=1, SSOE=1)
H

7 T T Keep — 1/O port
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Hardware

Pin Standby  Software Standby Bus-Released Program Execution
Name Mode Reset Mode Mode Mode Mode
P8, 1to5 T T RAS, output*® RAS, output*’ RAS, output
(SSOE=0) T RAS,
T Otherwise** Otherwise
(SSOE=1) (DDR=0) (DDR=0)
H Keep 1/O port
Otherwise** (DDR=1) (DDR=1)
(DDR=0) T CS,
T
(DDR=1, SSOE=0)
T
(DDR=1, SSOE=1)
H
7 T T Keep — 1/0O port
P83 1to5 T T (DDR=0) (DDR=0) (DDR=0)
T Keep Input port
(DDR=1, SSOE=0) (DDR=1) (DDR=1)
T T CS;
(DDR=1, SSOE=1)
H
7 T T Keep — 1/O port
P8, lto4 H T (DDR=0) (DDR=0) (DDR=0)
T Keep Input port
(DDR=1, SSOE=0) (DDR=1) (DDR=1)
T T CS,
(DDR=1, SSOE=1)
H
5 T T (DDR=0) (DDR=0) (DDR=0)
T Keep Input port
(DDR=1, SSOE=0) (DDR=1) (DDR=1)
T T CSy
(DDR=1, SSOE=1)
H
7 T T Keep — 1/O port
P9sto 1to T T Keep Keep 1/O port
P9y 57
PAsto 1to T T Keep Keep 1/0O port
PAg 57
PAgto 1,2,7 T T Keep Keep 1/O port
PA,
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Hardware

Pin Standby  Software Standby Bus-Released Program Execution
Name Mode Reset Mode Mode Mode Mode
PAgto 3to5 T T Address output*® Address output*® Address output
PA, (SSOE=0) T Ay to Ay
T Otherwise*® Otherwise
(SSOE=1) Keep 1/0O port
Keep
Otherwise*®
Keep
PA, 1,2 T T Keep Keep 1/O port
3,4 L T (SSOE=0) T Ay
T
(SSOE=1)
Keep
5 L T When A20E=0 When A20E=0 When A20E=0
SSOE=0 T Axg
T When A20E=1 When A20E=1
SSOE=1 Keep 1/O port
Keep
When A20E=1
Keep
7 T T Keep — 1/0O port
PB;, 1lto5 T T CS output*’ CS output*’ CS output
PBy (SSOE=0) T CS,, CSq
T Otherwise*® Otherwise
(SSOE=1) Keep 1/O port
H
Otherwise*®
Keep
7 T T Keep — 1/0O port
PB, 1to5 T T RAS; output** RAS; output*® RAS; output
(SSOE=0) T RAS;
T CS output**® CS output
(SSOE=1) T CS,
H Otherwise*" Otherwise
CS output** Keep I/O port
(SSOE=0)
T
(SSOE=1)
H
Otherwise*™
Keep
7 T T Keep — I/O port
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Hardware

Pin Standby  Software Standby Bus-Released Program Execution
Name Mode Reset Mode Mode Mode Mode
PB; 1lto5 T T RAS, output** RAS, output** RAS, output
(SSOE=0) T RAS,
T CS output*® CS output
(SSOE=1) T CSs,
H Otherwise** Otherwise
CS output*® Keep I/O port
(SSOE=0)
T
(SSOE=1)
H
Otherwise*™
Keep
7 T T Keep — 1/0O port
PB;, 1lto5 T T CAS output**® CAS output** CAS output
PB, (SSOE=0) T UCAS, LCAS
T Otherwise** Otherwise
(SSOE=1) Keep 1/O port
H
Otherwise**
Keep
7 T Keep — 1/0O port
PB;, 1to T T Keep Keep 1/O port
PBg 57
[Legend]
H: High
L: Low
T: High-impedance state
Keep: Input pins are in the high-impedance state; output pins maintain their previous state.
DDR: Data direction register
Notes: 1. When bits DRAS2, DRAS1, and DRASO in DRCRA (DRAM control register A) are all

cleared to 0.
2. When any of bits DRAS2, DRASL1, or DRASO in DRCRA (DRAM control register A) is

setto 1.

3. When the setting of bits DRAS2, DRAS1, and DRASO in DRCRA (DRAM control
register A) is 010, 100, or 101.

4. When the setting of bits DRAS2, DRAS1, and DRASO in DRCRA (DRAM control
register A) is other than 010, 100, 101, or 000.
5. When bit A23E, A22E, or A21E, respectively, in BRCR (bus release control register) is
cleared to 0.

6. When bit A23E, A22E, or A21E, respectively, in BRCR (bus release control register) is

setto 1.

7. When bit CS7E or CS6E, respectively, in CSCR (chip select control register) is set to 1.
8. When bit CS7E or CS6E, respectively, in CSCR (chip select control register) is cleared

to 0.
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10.

11.

12.

13.

14.

15.

16.

When the setting of bits DRAS2, DRAS1, and DRASO in DRCRA (DRAM control
register A) is 101.

When the setting of bits DRAS2, DRAS1, and DRASO in DRCRA (DRAM control
register A) is other than 101, and bit CS5E in CSCR (chip select control register) is set
to 1.

When the setting of bits DRAS2, DRAS1, and DRASO in DRCRA (DRAM control
register A) is other than 101, and bit CS5E in CSCR (chip select control register) is
cleared to 0.

When the setting of bits DRAS2, DRAS1, and DRASO in DRCRA (DRAM control
register A) is 100, 101, or 110.

When the setting of bits DRAS2, DRAS1, and DRASO in DRCRA (DRAM control
register A) is other than 100, 101, or 110, and bit CS4E in CSCR (chip select control
register) is set to 1.

When the setting of bits DRAS2, DRAS1, and DRASO in DRCRA (DRAM control
register A) is other than 100, 101, or 110, and bit CS4E in CSCR (chip select control
register) is cleared to 0.

When any of bits DRAS2, DRAS1, or DRASO in DRCRA (DRAM control register A) is
set to 1, and bit CSEL in DRCRB (DRAM control register B) is cleared to 0.

When any of bits DRAS2, DRAS1, or DRASO in DRCRA (DRAM control register A) is
set to 1, and bit CSEL in DRCRB (DRAM control register B) is set to 1; or, when bits
DRAS2, DRAS1, and DRASO are all cleared to 0.
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D.2 Pin States at Reset

Modes 1 and 2: Figure D.1 isatiming diagram for the case in which RES goes low during an
external memory accessin mode 1 or 2. As soon as RES goes low, al ports are initialized to the
input state. AS, RD, HWR, LWR, and CS, go high, and D, to D, go to the high-impedance state.
The address busis initialized to the low output level 2.5 @ clock cycles after the low level of RES
is sampled. Clock pin P6./¢ goes to the output state at the next rise of ¢ after RES goes low.

Access to external

memory
T T

1 2 3

Perlo L b

RES

Internal reset

signal L
A

A19 to AO X

oS, |

AS, RD
(read)

H'00000

HWR, LWR U
(write)

D5 to Dy High impedance
(write)

High impedance

10 port,__
CS7 to CS]_

~

FigureD.1 Reset during Memory Access (Modes 1 and 2)
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Modes 3 and 4: Figure D.2 isatiming diagram for the case in which RES goes low during an
external memory accessin mode 3 or 4. As soon as RES goes low, al ports are initialized to the
input state. AS, RD, HWR, LWR, and CS, go high, and D, to D, go to the high-impedance state.
The address busis initialized to the low output level 2.5 @ clock cycles after the low level of RES
is sampled. However, when PA, to PA are used as address bus pins, or when P8, to P8, and PB, to
PB, are used as CS output pins, they go to the high-impedance state at the same time as RES goes
low. Clock pin P6.,/¢ goes to the output state at the next rise of @ after RES goes low.

Access to external
memory
T2 T2 T

3
P6,/p S

RES |

Internal reset

signal L

Ago 10 Ag X / X X H'000000
M

CSo /

AS, RD

(read)

HWR, LWR

(write) /\I—IA

D15 to DO
(write)

\
/
I/0 port, \
por \
/

PA4/A23 10 PAG/A;,
CS7 to CS]_

High impedance

]

High impedance

FigureD.2 Reset during Memory Access (Modes 3 and 4)

Mode 5: Figure D.3 is atiming diagram for the case in which RES goes low during an external
memory access in mode 5. As soon as RES goeslow, all ports are initialized to the input state. AS,
RD, HWR, and LWR go high, and the address bus and D, to D, go to the high-impedance state.
Clock pin P6,/¢ goes to the output state at the next rise of ¢ after RES goes low.

Rev. 5.0, 09/04, page 964 of 978
RENESAS




P67/(p

ES

Internal reset
signal

A23 to AO

AS, RD
(read)

Access to external

memory
T: T2 T

3

High impedance

HWR, LWR
(write)

D15 to DO
(write)

/O port,
CS7 to CSl

High impedance

High impedance

FigureD.3 Reset during Memory Access (Mode 5)

Mode 7: Figure D.4 isatiming diagram for the case in which RES goes low during an operation
in mode 7. As soon as RES goes low, al ports and clock pin P6./@ are initialized to the input state.

P67/(p

RES

Internal reset
signal

1/0O port

R High impedance

High impedance

FigureD.4 Reset during Operation (Mode 7)
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Appendix E Timing of Transition to and Recovery from
Hardware Standby Mode

Timing of Transition to Har dwar e Standby M ode

1. Toretain RAM contents with the RAME bit set to 1 in SYSCR, drive the RES signal low 10
system clock cycles before the STBY signal goes low, as shown below. RES must remain low
until STBY goes low (minimum delay from STBY low to RES high: 0 ns).

STBY

tl = lOtCyc t2 >0ns
-

RES

2. Toretain RAM contents with the RAME bit cleared to 0 in SY SCR, RES does not have to be
driven low asin (1).

Timing of Recovery from Hardwar e Standby M ode: Drive the RES signal low approximately

100 ns before STBY goes high.

STBY

t=100ns tosc
e

RES
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Appendix F Product Code Lineup

F.1 H8/3069R Product Code Lineup

Product Code Regular product code Package
Product Type (Catalog Product Code) (Internal Product Code) (Package Code)
H8/3069R On-chip flash HD64F3069RF25 HD64F3069RF25 100-pin QFP
memory HD64F3069RF25W HD64F3069RF25W (FP-1008)
HD64F3069RFBL25 HD64F3069RFBL25
HD64F3069RTE25 HD64F3069RX25 100-pin TQFP

HD64F3069RTE25W HD64F3069RX25W (TFP-1008B)

HD64F3069RTEBL25 HD64F3069RXBL25
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Appendix G Package Dimensions

Figures G.1 show the FP-100B package dimensions of the H8/3069R. Figure G.2 shows the TFP-

100B package dimensions.

16.0+ 0.3

76

16.0+ 0.3

3.05 Max

,*0.17 * 0.05
‘ 0.15 + 0.04

As of January, 2003

Unit: mm

0.127§13

*Dimension including the plating thickness
Base material dimension

Package Code FP-100B
JEDEC —

JEITA Conforms
Mass (reference value) 1.2g

Figure G.1 Package Dimensions (FP-100B)
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As of January, 2003
16.0+0.2 ‘ Unit: mm

14

76

16.0+ 0.2

i 83
= o|o
9 +1| +H
{ ~ |0 1.0
— ; g 0°_g°
* A |
S f 05:01 *
o
+l
o
b
o Package Code TFP-100B
JEDEC —
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) 059

Figure G.2 Package Dimensions (TFP-100B)
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Appendix H Comparison of H8/300H Series Product

Specifications
H.1  Differences between H8/3069R and H8/3029, H8/3067 Group and
H8/3062 Group, H8/3048 Group, H8/3007 and H8/3006, and H8/3002
H8/3069R, H8/3067 Group, H8/3048 H8/3007,
Item H8/3029 H8/3062 Group Group H8/3006 H8/3002
1 Operating Mode5 16 Mbytes ROM 16 Mbytes ROM 1 Mbyte ROM
mode enabled expanded  enabled expanded  enabled
mode mode expanded
mode
Mode 6 — 64 kbytes single-chip 16 Mbyte ROM
mode enabled
expanded
mode
2 Interrupt Internal 36 36 (H8/3067) 30 36 30
controller interrupt 27 (H8/3062)
sources
3 Bus Burst Yes Yes (H8/3067) No Yes No
controller  ROM No (H8/3062)
interface
Idle cycle Yes Yes No Yes No
insertion
function
Wait mode 2 modes 2 modes 4 modes 2 modes 4 modes
Wait state Per area Per area Common Per area Common
number to all areas to all areas
setting
Address Choice of address ~ Choice of address Fixed Fixed Fixed
output update fixed update mode (fixed in
method H8/3067F-ZTAT and
H8/3062F-ZTAT)
4 DRAM Connect- Area 2/3/4/5 Area 2/3/4/5 Area 3 Area 2/3/4/5 Area 3
interface able areas (H8/3067 only)
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H8/3069R,

H8/3067 Group,

H8/3048 H8/3007,

Item H8/3029 H8/3062 Group Group  H8/3006 H8/3002
4 DRAM Precharge Yes Yes (H8/3067 only) No Yes No
interface cycle
insertion
function
Fast page Yes Yes (H8/3067 only) No Yes No
mode
Address 8 bit/9 bit/10 bit 8 bit/9 bit/10 bit 8 bit/9 bit 8-bit/9-bit/10-bit 8-bit/9-bit
shift (H8/3067 only)
amount
5 Timer functions 16-bit 8-hit 16-bit 8-bit ITU 16-bit 8-bit ITU
timers timers timers timers timers timers

Number of 16 bits x 3 8 bits x 4 16 bits x 3 8 bits x 4

16 bits x 5 16 bits x 3 8 bits x 4 16 bits x 5

channels (16 bits x (16 bits x (16 bits x

2) 2) 2)
Pulse 6 pins 4 pins 6 pins 4 pins 12 pins 6 pins 4 pins 12 pins
output (2 pins) (2 pins) (2 pins)
Input 6 2 6 2 10 6 2 10
capture

External 4 systems 4 systems 4 systems 4 systems

clock (select-  (fixed)
able)

(select-  (fixed)
able)

4 systems 4 systems 4 systems 4 systems
(select-  (select-  (fixed) (select-
able) able) able)

Internal @, @2, @4, @8, @64, @ @2, g4, (8, @64,
clock o8 8192 @8 8192

? 92, g4, ¢ @2, g4, @8, @64, @ @2, @4,
@8 @8 @8192 @8

Comple- No No
mentary

PWM

function

No No

Yes No No Yes

Reset- No No
synchro-

nous

PWM

function

No No

Yes No No Yes

Buffer No No
operation

No No

Yes No No Yes

Output Yes No
initializa-

tion

function

Yes No

No Yes No No
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H8/3069R, H8/3067 Group, H8/3048 H8/3007,
Iltem H8/3029 H8/3062 Group Group H8/3006 H8/3002
5 Timer PWM 3 4(2) 3 4(2) 5 3 4(2) 5
functions  output
DMAC 3 No 3 No 4 3 No 4
activation channels channels channels channels channels
(H8/3067
only)
A/D No Yes No Yes No No Yes No
conversion
activation
Interrupt 3 sources 8 sources 3 sources 8 sources 3 sources 3 sources 8 sources 3 sources
sources x 3 x 3 x5 x 3 x5
6 TPC Time base 3 kinds, 16-bit timer 3 kinds, 16-bit timer 4 kinds, 3 kinds, 16-bit timer 4 kinds,
base base ITU base base ITU base
7 WDT Reset No Yes Yes Yes Yes Yes
signal (except
external products
output with on-
function chip flash
memory)
8 SCI Number of 3 channels 3 channels (H8/3067) 2 3 channels 2
channels 2 channels (H8/3062) channels channels
Smart card Supported on all Supported on all Supported Supported on all No
interface  channels channels on SCIO channels
only
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H8/3069R, H8/3067 Group, H8/3048 H8/3007,

Item H8/3029 H8/3062 Group Group  H8/3006 H8/3002
9 A/D Conversion External trigger/8-bit External trigger/8-bit External External trigger/8-bit External
converter  start trigger timer compare match timer compare match trigger timer compare match trigger
input
Conversion 70/134 70/134 134/266  70/134 134/266
state
10 Pin @pin @input port @input port @output  @/input port @ output
control multiplexing multiplexing only multiplexing only
A,in16 A, /1/O port A, 11/0 port A,, output
MB ROM  multiplexing multiplexing
enabled
expanded
mode
Address  High-level High-level High-level High-level High-level
bus, output/high- output/high- output output/high- output
MD, impedance selectable impedance selectable (e_xcept impedance selectable (e_xcept
HWR, (RFSH: H8/3067 CS,) CS))
LWR, CS,- only) Low-level Low-level
CS,, RFSH output output
in software (CS,) (CS,)
standby
state

CS,-CS, High-impedance High-impedance High-level High-impedance High-level

in bus- output output
released
state
11 Flash Program/ 12 V application 12 V application 12v
memory erase unnecessary. unnecessary. application
functions  voltage Single-power-supply  Single-power-supply from off-
programming. programming. chip
Block 16 blocks 8 blocks (12 blocks in 16 blocks
divisions H8/3064F-ZTAT)
Boot mode Yes Yes Yes
User Yes Yes Yes
program
mode
User boot Yes No No
mode
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H.2  Comparison of Pin Functions of 100-Pin Package Products
(FP-100B, TFP-100B)

TableH.1 Pin Arrangement of Each Product (FP-100B, TFP-100B)

ROMless Version

H8/3069R,  H8/3067 H8/3062 H8/3048 H8/3042 H8/3007,

Pin No. H8/3029 Group Group Group Group H8/3006 H8/3002

1 VCL VCC VCC/VCL*? VCC VCC VCC VCC

2 PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/TIOC
TMO,/CS, TMO,/CS, TMO,/CS, TIOCA, TIOCA, TMO,/CS, A3

3 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP/TIOC
TMIO,/ TMIO,/ TMIO,/CS, TIOCB, TIOCB, T™MIO,/ B3
DREQ,/CS, DREQ,CS, DREQ,/CS,

4 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,,/ PB,/TP,,/
TMO,/ TMO,/ TMO,/ TIOCA, TIOCA, TMO,/CS, TIOCA4

5 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/
TMIO,/ TMIO,/ TMIO/CS, TIOCB, TIOCB, T™MIO,/ TIOCB4
DREQ,/CS, DREQ,/CS, DREQ,/CS,

6 PB,/TP,,/ PB,/TP,,/ PB,/TP,, PB,/TP,,/ PB,/TP,,/ PB,/TP,,/ PB,/TP,,/
UCAS UCAS TOCXA, TOCXA, UCAS TOCXA,

7 PBJ/TP../ PBJ/TP../ PBJ/TP,, PBJ/TP../ PBJ/TP../ PBJ/TP,./ PB/TP,./
LCAS/ LCAS/ TOCXB, TOCXB, LCAS/SCK, TOCXB,
SCK, SCK,

8 PB/TP,,/ PB/TP,,/ PB/TP,, PB/TP,,/ PB/TP,,/ PB/TP,,/ PB/TP,,/
TxD, TxD, DREQ/ DREQ, TxD, DREQ,

Cs,

g PB,/TP,/ PB,/TP,/ PB,/TP,, PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/

RxD, RxD, DREQ,/ DREQ,/ RxD, DREQ,/
ADTRG ADTRG ADTRG
10 FWE RESO/ RESO/ RESO/V,, RESO RESO RESO
FWE** FWE**

11 Vss Vss Vss Vss Vss Vss Vss

12 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,

13 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,

14 P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD,

15 P9./RxD, P9./RxD, P9./RxD, P9./RxD, P9./RxD, P9./RxD, P9./RxD,

16 P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK/ P9,/SCK/
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

17 P9/SCK/  P9JSCK/  P9/SCK/  P9JSCK/  P9JSCK/  P9/SCK/  P9JSCK/
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

18 P4,/D, P4,/D, P4,/D, P4,/D, P4,/D, P4,/D, P4,/D,

19 P4,/D, P4.,/D, P4.,/D, P4.,/D, P4.,/D, P4./D, P4./D,
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ROMIless Version

H8/3069R,  H8/3067 H8/3062 H8/3048 H8/3042 H8/3007,

Pin No. H8/3029 Group Group Group Group H8/3006 H8/3002
20 P4,/D, P4,/D, P4,/D, P4,/D, P4,/D, P4,D, P4,/D,
21 P4,/D, P4,/D, P4,/D, P4,/D, P4,/D, P4,D, P4,D,
22 Vss Vss Vss Vss Vss Vss Vss
23 P4,D, P4,D, P4,D, P4,D, P4,D, P4,D, P4,D,
24 P4,/D, P4,/D, P4,/D, P4,/D, P4,/D, P4,/D, P4,/D,
25 P4,/D, P4,/D, P4,/D, P4,/D, P4,/D, P4,/D, P4,/D,
26 P4./D, P4./D, P4./D, P4./D, P4./D, P4,/D, P4,/D,
27 P3,/D, P3,/D, P3,/D, P3,/D, P3,/D, D, D,

28 P3,/D, P3,/D, P3,/D, P3,/D, P3,/D, D, D,

29 P3,D,, P3,D,, P3,D,, P3,D,, P3,D,, D, D,
30 P3,/D,, P3,/D,, P3,/D,, P3,/D,, P3,/D,, D, D,
31 P3,D,, P3,D,, P3,D,, P3,D,, P3,D,, D, D,
32 P3,/D,, P3,/D,, P3,/D,, P3,/D,, P3,/D,, D, D,
33 P3,/D,, P3,/D,, P3,/D,, P3,/D,, P3,/D,, D, D,
34 P3,/D,, P3,/D,, P3,/D,, P3,/D,, P3,/D,, D, D,
35 Vce Vce Vce Vce Vce Vce Vce
36 P1/A, P1/A, P1/A, P1/A, P1/A, A, A,

37 P1/A, PL/A, PL/A, PL/A, PL/A, A A

38 PL/A, PL/A, PL/A, PL/A, PL/A, A, A,

39 PL/A, PL/A, PL/A, PL/A, PL/A, A, A,

40 P1,/A, P1,/A, P1,/A, P1,/A, P1,/A, A, A,

41 PLJA, PLJA, PLJA, PLJA, PLJA, A, A,

42 P1/A, P1/A, P1/A, P1/A, P1/A, A, A,

43 PLJA, PLJA, PLJA, PLJA, PLJA, A, A,

44 Vss Vss Vss Vss Vss Vss Vss
45 P2,JA, P2,JA, P2,JA, P2,JA, P2,JA, A, A,

46 P2,/A, P2,/A, P2,/A, P2,/A, P2,/A, A, A,

47 P2,JA, P2,JA, P2,JA, P2,JA, P2,JA, A, A,
48 P2JA, P2JA, P2JA, P2JA, P2JA, A, A,
49 P2,/A, P2,/A, P2,/A, P2,/A, P2,/A, A, A,
50 P2JA, P2JA, P2JA, P2JA, P2JA, A, A,
51 P2JA, P2JA, P2JA, P2JA, P2JA, A, A,
52 P2JA, P2JA, P2JA, P2JA, P2JA, A, A,
53 P5/A,, P5/A,, P5/A,, P5/A,, P5/A,, A, A,
54 P5/A, P5/A, P5/A, P5/A, P5/A, A, A,
55 P5,/A, P5,/A, P5,/A, P5,/A, P5,/A, A, A,
56 P5/A,, P5/A, P5/A, P5/A,, P5/A,, A, A,
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57 Vss Vss Vss Vss Vss Vss Vss

58 P6/WAIT  P6/WAIT  P6/WAIT  P6/WAIT  P6/WAIT  P6/WAIT  P6/WAIT

59 P6/BREQ P6/BREQ P6/BREQ P6/BREQ P6/BREQ P6/BREQ P6/BREQ

60 P6,/BACK  P6/BACK P6/BACK P6/BACK  P6/BACK  P6/BACK  P6,/BACK

61 P6./¢ P6./¢ P6./¢ ® ® P6./p ®

62 STBY STBY STBY STBY STBY STBY STBY

63 RES RES RES RES RES RES RES

64 NMI NMI NMI NMI NMI NMI NMI

65 Vss Vss Vss Vss Vss Vss NMI

66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL

67 XTAL XTAL XTAL XTAL XTAL XTAL XTAL

68 Vce Vce Vce Vce Vce Vce Vce

69 P6,/AS P6,/AS P6,/AS P6,/AS P6,/AS AS AS

70 P6,/RD P6,/RD P6,/RD P6,/RD P6,/RD RD RD

71 P6,/HWR P6,/HWR P6,/HWR P6,/HWR P6,/HWR HWR HWR

72 P6,/LWR P6,/LWR P6,/LWR P6,/LWR P6,/LWR LWR LWR

73 MD, MD, MD, MD, MD, MD, MD,

74 MD, MD, MD, MD, MD, MD, MD,

75 MD, MD, MD, MD, MD, MD, MD,

76 AVcc AVcc AVcc AVcc AVce AVcc AVcc

77 Ve Ve Ve Ve Ve Ve Ve

78 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

79 P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, P7,/AN, P7,/AN,

80 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

81 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

82 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

83 P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, P7/AN,

84 P7/AN/DA, P7/AN/DA, P7/ANJDA, P7/JANJDA, P7/AN/DA, P7/AN/DA, P7/AN,

85 P7,/AN,/DA, P7/AN/DA, P7/AN,/DA, PT7,/AN,/DA, P7,/AN/DA, P7,/AN, P7./AN,

86 AVss AVss AVss AVss AVss AVss AVss

87 P8/RFSH/  P8/RFSH/  P8/IRQ, P8/RFSH/  P8/RFSH/ P8/RFSH/  P8/RFSH/
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

88 P8,/CS,/IRQ, P8,/CS,/IRQ, P8,/CS,/IRQ, P8,/CS,/IRQ, P8/CS,/IRQ, P8/CS/IRQ, P8,/CS,/IRQ,

89 P8,/CS,/IRQ, P8,CS,IRQ, P8,CS,IRQ, P8,/CS,/IRQ, P8,/CS,/IRQ, P8,/CS,IRQ, P8,/CS,IRQ,

90 P8,/CS,/IRQ,/ P8,/CS,/IRQ,/ P8,/CS,/IRQ,/ P8,/CS/IRQ, P8/CS,/IRQ, P8/CS/RQ, P8,/CS,/RQ,
ADTRG ADTRG ADTRG ADTRG

91 P8,CS, P8,CS, P8,CS, P8,CS, P8,CS, P8,/[CS, P8,/[CS,
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92 Vss Vss Vss Vss Vss Vss Vss

93 PAJTP/ PA/TP,/ PA/TP,/ PA/TP,/ PA/TP,/ PAJTP,/ PA/JTP,/
TEND/ TEND,/ TCLKA TEND,/ TEND,/ TEND,/ TEND,/
TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA

94 PA/TP,/ PA/TP,/ PA TP,/ PA TP,/ PA TP,/ PA TP,/ PA/TP,/
TEND,/ TEND,/ TCLKB TEND,/ TEND,/ TEND,/ TEND,/
TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB

95 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCA,/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC

96 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD

97 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/
A23 A23 A23 CSG/ A23 A23 A23 A23

98 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP./ PAJTP./
TIOCB,/ TIOCB,/ TIOCB,/ TIOCB/ TIOCB,/ TIOCB,/ TIOCB,/
AZZ AZZ AZZ CSE/ AZZ AZZ A22 A22

99 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCA)/ TIOCA,/ TIOCA)/ TIOCA,/ TIOCA,/ TIOCA,/ TIOCA,/
AZl AZl AZl CSA/AZI AZl A21 A21

100 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJ/TP,/ PAJ/TP,/
TIOCB/A,, TIOCBJA, TIOCBJA, TIOCBJA, TIOCBJA, TIOCB/JA, TIOCB/A,

Notes: 1. Functions as RESO in the mask ROM versions, and as FWE in the flash memory and
flash memory R versions.
2. Functions as the V_ pin in the 5-V products of the H8/3064F-ZTAT and H8/3062F-
ZTAT B-mask versions, and requires an external capacitor (0.1 uF).
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