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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.
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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
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all 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 is first 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 the reset 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 areset function, reset the LS| immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to 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.

Rev. 2.00, 03/04, page iv of xxxii

RENESAS




Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

e  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin

iii) Register Description
iv) Operation

v) Usage Note

© 0k~ wbdPE

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

Thelist of revisionsis asummary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index
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Preface

This LSl isamicrocomputer (MCU) made up of the H8S/2000 CPU employing Renesas
Technolgy's original architecture as its core, and the peripheral functions required to configure a
system.

The H85/2000 CPU has an internal 32-bit configuration, sixteen 16-bit general registers, and a
simple and optimized instruction set for high-speed operation. The H8S/2000 CPU can handle a
16-Mbyte linear address space.

This LSl is equipped with ROM and RAM memory, direct memory access controller (DMAC) bus
master, an 8-hit timer (TMR), awatchdog timer (WDT), auniversal serial bus 2 (USB2), a serial
communication interface for boot mode (SCI), and 1/0 ports as on-chip peripheral modules
required for system configuration.

A flash memory (F-ZTAT™*) version is available for thisLSI's ROM. The F-ZTAT version
provides flexibility as it can be reprogrammed in no time to cope with all situations from the early
stages of mass production to full-scale mass production. Thisis particularly applicable to
application devices with specifications that will most probably change.

This manual describesthis LSI's hardware.

Note: * F-ZTAT™ isatrademark of Renesas Technolgy. Corp.

Target Users:  This manual was written for users who will be using thisL Sl in the design of
application systems. Target users are expected to understand the fundamental's of
electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of this LSl to the target users.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a
detailed description of the instruction set.

Notes on reading this manual:

e Inorder to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions, and electrical characteristics.

e Inorder to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.
e Inorder to understand the details of aregister when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 17,
List of Registers.
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Examples:  Register name: The following notation is used for cases when the same or a
similar function, e.g. DMAC or serial communication
interface, isimplemented on more than one channel:
XXX_N (XXX istheregister name and N is the channel

number)
Bit order: The MSB is on the left and the LSB ison theright.
Number notation:  Binary is B’ xxxx, hexadecimal is H' xxxx.
Signal notation: An overbar is added to alow-active signal: xxxx

Related Manuals:  Thelatest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.

(http://www.renesas.com/eng/)
H8S/2170 F-ZTAT™ manuals:

Document Title

Document No.

H8S/2172 Series H8S/2170 F-ZTAT™ Hardware Manual

This manual

H8S/2600 Series, H8S/2000 Series Programming Manual

ADE-602-083

User's manuals for development tools:

Document 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-702-282
H8S, H8/300 Series High-performance Embedded Workshop, ADE-702-231
High-performance Debugging Interface Tutorial

High-performance Embedded Workshop User's Manual ADE-702-201

RENESAS
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Section1l Overview

1.1 Features

o High-speed H8S/2000 CPU with an internal 16-bit architecture
— Upward-compatible with H8/300 and H8/300H CPUs on an object level
— Sixteen 16-bit genera registers
— 65 basic instructions

e Various peripheral functions
— DMA controller (DMAC)

— 8-bit timer (TMR)

— Watchdog timer (WDT)

— Serial communication interface (SCI)
— Universal serial bus2 (USB2)

— Clock pulse generator

e On-chip memory
ROM Type Model ROM RAM Remarks

Flash memory version HD64F2170 256 kbytes 32 kbytes

e Genera /O ports
I/O pins: 76
e Supports various power-down states
e Compact package
Package (Code) Body Size Pin Pitch Remarks

TQFP-100 TFP-100B 140x140mm  0.5mm —
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1.2 Internal Block Diagram

Figure 1.1 shows the internal block diagram.
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1.3 Pin Description

131 Pin Arrangement

Figure 1.2 shows the pin arrangement.
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Figure1.2 Pin Arrangement (TFP-100B)
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13.2

Pin Arrangementsin Each Mode

Table 1.1 lists the pin arrangements in each mode.

Tablel.1 Pin Arrangementsin Each Mode

Pin No. Pin Name

TFP- Extended Mode Single-Chip Mode Flash Memory
100B  (EXPE=1) (EXPE = 0) Programmer Mode
1 PA2/A18/UCAS PA2 NC

2 PA3/A19/CS3 PA3 NC

3 MD2 MD2 VSS
4 MD1 MD1 VSS
5 NC NC NC

6 NMI NMI NC

7 VSS VSS VSS
8 STBY STBY VCC
9 VCL VCL VCL
10 RES RES RES
11 VSS VSS VSS
12 EXTAL EXTAL EXTAL
13 XTAL XTAL XTAL
14 VCC vVCC vCC
15 P97/4 P97/ NC
16 P96/AS P96 NC
17 P95/RD P95 NC
18 P94/HWR P94 NC
19 P93/LWR P93 NC
20 P92/CS2/RAS P92 NC
21 P91/CS1 P91 NC
22 P90/CS0O P90 NC
23 P30/USWDVLD P30/USWDVLD NC
24 P31/USCLK P31/USCLK NC
25 P32/USLSTAO P32/USLSTAO NC
26 P33/USLSTAT1 P33/USLSTAT1 NC
27 P34/(IRQ4)/USTXV P34/(IRQ4)/USTXV NC
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Pin No. Pin Name

TFP- Extended Mode Single-Chip Mode Flash Memory
100B  (EXPE=1) (EXPE = 0) Programmer Mode
28 P35/(IRQ5)/USVBUS P35/(IRQ5)/USVBUS NC
29 P36/USOPMO P36/USOPMO NC
30 P37/USOPMf P37/USOPMH NC
31 P20/USD0O/DREQO P20/USDO/DREQO NC
32 P21/USD1/TENDO P21/USD1/TENDO NC
33 P22/USD2/DACKO P22/USD2/DACKO NC
34 P23/USD3/DRAKO P23/USD3/DRAKO NC
35 P24/USD4/DREQ1 P24/USD4/DREQ1 NC
36 P25/USD5/TENDT P25/USD5/TENDT NC
37 P26/USD6/DACKT P26/USD6/DACKT NC
38 P27/USD7/DRAKT P27/USD7/DRAKT NC
39 HUDITDI/RxDO HUDITDI/RxDO NC
40 VSS VSS VSS
41 HUDITCK HUDITCK NC
42 VCC vcC vCcC
43 P10/USD8 P10/USD8 NC
44 P11/USD9 P11/USD9 NC
45 P12/USD10 P12/USD10 NC
46 P13/USD11 P13/USD11 NC
47 P14/USD12 P14/USD12 NC
48 P15/USD13 P15/USD13 NC
49 P16/USD14 P16/USD14 NC
50 P17/USD15 P17/USD15 NC
51 P40/USRST P40/USRST NC
52 P41/USRXACT P41/USRXACT NC
53 P42/USRXERR P42/USRXERR NC
54 P43/USRXV P43/USRXV NC
55 P44/USSUSP P44/USSUSP NC
56 P45/USTSEL P45/USTSEL NC
57 P46/USTXRDY P46/USTXRDY NC
58 P47/USXCVRS P47/USXCVRS NC
59 P67/A15 P67 NC

RENESAS
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Pin No. Pin Name

TFP- Extended Mode Single-Chip Mode Flash Memory
100B  (EXPE=1) (EXPE = 0) Programmer Mode
60 P66/A14/TMO1 P66/TMOT1 NC
61 P65/A13/TMRI1 P65/TMRI1 NC
62 P64/A12/TMCI1 P64/TMCI1 NC
63 P63/A11 P63 NC
64 P62/A10/TMOO P62/TMOO0 NC
65 P61/A9/TMRIO P61/TMRIO NC
66 P60/A8/TMCIO P60/TMCIO NC
67 HUDITMS HUDITMS NC
68 vCcC vCcC vCC
69 HUDITDO/TxDO HUDITDO/TxDO NC
70 VSS VSS VSS
71 P77/A7IRQ7 P77/RQ7 NC
72 P76/A6/IRQ6 P76/IRQ6 NC
73 P75/A5/IRQ5 P75/IRQ5 NC
74 P74/A4/IRQ4 P74/IRQ4 NC
75 P73/A3/1RQ3 P73/1RQ3 NC
76 P72/A2/IRQ2 P72/IRQ2 NC
77 P71/A1IRQT P711RQ1 NC
78 P70/A0/IRQO P70/IRQ0 NC
79 P87/D15 P87 NC
80 P86/D14 P86 NC
81 P85/D13 P85 NC
82 P84/D12 P84 NC
83 P83/D11 P83 NC
84 P82/D10 P82 NC
85 P81/D9 P81 NC
86 P80/D8 P80 NC
87 \Yele} vCcC vCcC
88 FWE FWE FWE
89 HUDITRST HUDITRST NC
90 VSS VSS VSS
91 P57/D7/(IRQ7)/MSSRAC/DRAK3 P57/(IRQ7)/MSSRAC/DRAK3  NC
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Pin No. Pin Name

TFP- Extended Mode

Single-Chip Mode

Flash Memory
Programmer Mode

100B  (EXPE=1) (EXPE = 0)

92 P56/D6/(IRQ6)/DACK3 P56/(IRQ6)/DACK3 NC
93 P55/D5/MSBS/TEND3 P55/MSBS/TEND3 NC
94 P54/D4/MSDIO3/DREQ3 P54/MSDIO3/DREQ3 NC
95 P53/D3/(IRQ3)/MSDIO2/DRAK2 P53/(IRQ3)/MSDIO2/DRAK2  NC
96 P52/D2/(IRQ2)/MSDIO1/DACK2 P52/(IRQ2)/MSDIO1/DACK2  NC
97 P51/D1/MSDIOO/TEND2 P51/MSDIO0O/TEND2 NC
98 P50/DO/MSCLK/DREQ2 P50/MSCLK/DREQ2 NC
99 PAO/A16/(IRQO) PA0/(IRQO) NC
100 PA1/A17/LCAS/(IRQT) PA1/LCAS/(IRQT) NC
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1.3.3  Pin Functions

Table 1.2 lists the pin functions.

Tablel.2 Pin Functions

Type Symbol Pin No. 1/O Function
Power Ve 14,42, Input  For connection to the power supply. V . pins should
68, 87 be connected to the system power supply.
Vo 7,11, 40, Input  For connection to ground. V pins should be
70, 90 connected to the system power supply (0 V).

Vo 9 Output The V_ is an external capacity pin for internal step-
down power. Connect this pin to V through the
external capacitor to stabilize the internal step-down
power.

Clock XTAL 13 Input  For connection to a crystal resonator. See section
15, Clock Pulse Generator for typical connection
diagrams for a crystal resonator and external clock
input.

EXTAL 12 Input  For connection to a crystal resonator. The EXTAL
pin can also input an external clock. See section 15,
Clock Pulse Generator for typical connection
diagrams for a crystal resonator and external clock
input.

o} 15 Output Supplies the system clock to external devices.

Operating MD2 3 Input  These pins set the operating mode. These pins

mode control MD1 4 should not be changed while the MCU is operating.

System RES 10 Input  Reset pin. When this pin is driven low, the chip is

control reset.

STBY 8 Input  When this pin is driven low, a transition is made to
hardware standby mode.

FWE 88 Input  This pin is only for the flash memory. This pin is

available only in the flash memory version.
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Type Symbol Pin No. /O Function
Interrupt NMI 6 Input  Nonmaskable interrupt request pin. Fix high when
signals not used.

IRQ7 to 71t078 Input  These pins request a maskable interrupt. The IRQ

IRQO sense port select register (ISSR) selects whether
the signal is input from the IRQn or (IRQN).
(n=71t00)

(IRQ7)to 91,92, Input

(IRQO) 28, 27,

95, 96,
99, 100
Address bus A19 2, Output These pins output an address.

A18 1,

A17 100,

A16 99,

A15to A8 59 to 66,

A7to A0 71t078

Data bus D15to D8, 79to0 86, Input/ These pins constitute a bidirectional data bus.

D7to DO 91t098 output

Bus control CS3 2 Output  Strobe signal indicating that area 3 is selected.

CS2/ 20 Output Strobe signal indicating that area 2 is selected. Row

RAS address strobe signal for the DRAM.

CS1 21 Output  Strobe signal indicating that area 1 is selected.

CSo 22 Output Strobe signal indicating that area 0 is selected.

AS 16 Output When this pin is low, it indicates that address output
on the address bus is valid.

RD 17 Output  When this pin is low, it indicates that the normal
space is being read.

HWR 18 Output  Strobe signal indicating that normal space is to be
written, and the upper half (D15 to D8) of the data
bus is enabled.

LWR 19 Output  Strobe signal indicating that normal space is to be
written, and the lower half (D7 to DO) of the data bus
is enabled.

UCAS 1 Output Upper column address strobe signal for accessing
the 16-bit DRAM space or column address strobe
signal for accessing the 8-bit DRAM space.

LCAS 100 Output Lower column address strobe signal for accessing

the 16-bit DRAM space.
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Type Symbol Pin No. I/O Function
DMA DREQ3 94, Input  These signals request DMAC activation for channels
controller DREQ2 98, 3to 0.
(DMAC) DREQ1 35,
DREQO 31
DACK3 92 Output DMAC single address transfer acknowledge signals
DACK2 96 for channels 3 to 0.
DACK1 37
DACKO 33
TEND3 93, Output These signals indicate the end of DMAC data
TEND2 97, transfer for channels 3 to 0.
TEND1 36,
TENDO 32
DRAK3 91, Output These signals notify DMAC external request
DRAK2 95, acknowledge and execution start for channels 3 to 0
DRAK1 38, to external devices.
DRAKO 34
8-bit timer  TMOH1 60, Output Compare match output pins.
(TMR) TMOO0 64
TMCH 62, Input  External clock input pins to counters.
TMCIO 66
TMRIA 61, Input  Counter reset input pins.
TMRIO 65
Serial TxDO 69 OQutput Data output pin.
communicati-"g, ryy 39 Input  Data input pin.
on interface
for boot
mode (SCI)
Universal USCLK 23 Input  USB clock.
ssgi'lzbus 2 USVBUS 28 Input  Input pin for connection/disconnection detection of
(USB2) USB cable.
USLSTAO 25 Input  Input signal pins from USB2.0 transceiver.
USLSTA1 26 Input
USRXACT 52 Input
USRXERR 53 Input
USRXV 54 Input
USTXRDY 57 Input
USWDVLD 23 Input/
output
USOPMO 29 Output Output signal pins for USB2.0 transceiver.
USOPM1 30 Output

Rev. 2.00, 03/04, page 10 of 534

RENESAS



Type Symbol Pin No. /O Function
Universal USRST 51 Output Output signal pins for USB2.0 transceiver.
serial bus 2
TXV 27
(USB2) us Output
USSUSP 55 Output
USTSEL 56 Output
USXCVRS 58 Output
USD15to 501043, Input/ Data input/output.
usD8 3810 31 output
USD7 to
uUSsDO
I/0O ports P17 to P10 50t0 43 Input/ Eight-bit input/output pins.
output
P27 to P20 38to 31 Input/ Eight-bit input/output pins.
output
P37 to P30 30to 23 |Input/ Eight-bit input/output pins.
output
P47 to P40 581to 51 Input/  Eight-bit input/output pins.
output
P57 to P50 911098 Input/ Eight-bit input/output pins.
output
P67 to P60 59 to 66 Input/ Eight-bit input/output pins.
output
P77 to P70 71to 78 Input/ Eight-bit input/output pins.
output
P87 to P80 79to 86 Input/ Eight-bit input/output pins.
output
P97 to P90 15t0 22 Input/  Eight-bit input/output pins.
output
PA3 2, Input/  Four-bit input/output pins.
PA2 1, output
PA1 100,
PAO 99
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Section2 CPU

The H85/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

This section describes the H8S/2000 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, refer to section 3, MCU Operating Modes.

2.1 Features

Upward-compatibility with H8/300 and H8/300H CPUs

Can execute H8/300 and H8/300H CPU object programs

General-register architecture

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

8/16/32-bit arithmetic and logic instructions

Multiply and divide instructions

Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [@(d:16,ERn) or @(d:32,ERnN)]

Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32]

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

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

Memory indirect [ @@aa:8]

16-Mbyte address space

Program: 16 Mbytes

Data: 16 Mbytes

High-speed operation

All frequently-used instructions are executed in one or two states

8/16/32-hit register-register add/subtract: 1 state

8 x 8-hit register-register multiply: 12 states (MULXU.B), 13 states (MULXS.B)
16 + 8-bit register-register divide: 12 states (DIVXU.B)

16 x 16-bit register-register multiply: 20 states (MULXU.W), 21 states (MULXS.W)
32 + 16-hit register-register divide: 20 states (DIVXU.W)
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e Two CPU operating modes
Normal mode*
Advanced mode
Note: For thisLSI, norma modeis not available.

¢ Power-down state
Transition to power-down state by SLEEP instruction

211 Differ ences between H85/2600 CPU and H85/2000 CPU
The differences between the H8S5/2600 CPU and the H8S/2000 CPU are as shown below.

¢ Register configuration
The MAC register is supported only by the H8S/2600 CPU.

e Basicinstructions
The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

e Thenumber of execution states of the MULXU and MUL XS instructions

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.
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212 Differ ences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

e More general registers and control registers

Eight 16-bit extended registers, and one 8-bit and two 32-bit control registers, have been
added.

e Expanded address space
Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Advanced mode supports a maximum 16-Mbyte address space.

e Enhanced addressing

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

e Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

o Higher speed
Basic instructions are executed twice as fast.

213 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2000 CPU has the foll owing enhancements.

e Additional control register
One 8-bit control register has been added.

e Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

o Higher speed
Basic instructions are executed twice as fast.
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2.2 CPU Operating Modes

The H85/2000 CPU has two operating modes. normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte address space.
The mode is selected by the LSI's mode pins.

221 Normal Mode

The exception vector table and stack have the same structure as in the H8/300 CPU in normal
mode.

e Address space
Linear access to a maximum address space of 64 kbytesis possible.

o Extended registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-hit registers.
When extended register Enis used as a 16-hit register it can contain any value, even when the
corresponding general register (Rn) is used as an address register. (If general register Rnis
referenced in the register indirect addressing mode with pre-decrement (@—Rn) or post-
increment (@Rn+) and a carry or borrow occurs, the value in the corresponding extended
register (En) will be affected.)

e Instruction set
All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.

e Exception vector table and memory indirect branch addresses
In normal mode, the top area starting at H'0000 is allocated to the exception vector table. One
branch address s stored per 16 bits. The exception vector table in normal modeis shownin
figure 2.1. For details of the exception vector table, see section 4, Exception Handling.
The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In normal mode, the operand is a 16-bit (word) operand,
providing a 16-bit branch address. Branch addresses can be stored in the top area from H'0000
to H'OOFF. Note that this areais also used for the exception vector table.

e Stack structure

When the program counter (PC) is pushed onto the stack in a subroutine call, and the PC,
condition-code register (CCR), and extended control register (EXR) are pushed onto the stack
in exception handling, they are stored as shown in figure 2.2. EXR is not pushed onto the stack
in interrupt control mode O. For details, see section 4, Exception Handling.

Note: For thisLSl, normal modeis not available.
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H'0000
H'0001
H'0002
H'0003
H'0004
H'0005

H0006 [

H'0007
H'0008
H'0009
H'000A
H'000B

|- Reset exception vector

- (Reserved for system use)

- (Reserved for system use)

L Exception
vector table

F-- Exception vector 1

M- Exception vector 2

N

Figure2.1 Exception Vector Table (Normal Mode)

\/\

(16 bits)

PC o SP —

\_/_\

*2
(SP =)

(a) Subroutine Branch

\_/_\

EXR*1

Reserved*1:+3

CCR

CCR*3

PC
(16 bits)

\/\

(b) Exception Handling

Notes: 1. When EXR is not used, it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored when returning.

Figure2.2 Stack Structurein Normal Mode
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222 Advanced Mode

e Address space
Linear access to a maximum address space of 16 Mbytesis possible.
e Extended registers (En)
The extended registers (EO to E7) can be used as 16-bit registers. They can aso be used asthe
upper 16-bit segments of 32-bit registers or address registers.
e Instruction set
All instructions and addressing modes can be used.
e Exception vector table and memory indirect branch addresses

In advanced mode, the top area starting at H'00000000 is all ocated to the exception vector
table in 32-bit units. In each 32 bits, the upper 8 bits are ignored and a branch address is stored
in the lower 24 bits (see figure 2.3). For details of the exception vector table, see section 4,
Exception Handling.

H'00000000 Reserved
Reset exception vector )
H'00000003
Ho00000004 | Bj%_sféf\{fé_q _____________
(Reserved for system use) )
H'00000007
H'00000008
[~ ) > Exception vector table
H'00000008 L -- (Reserved for system use) --
H'0000000C | B
H'00000010 o Reserved ]
Exception vector 1 .

~___—

Figure2.3 Exception Vector Table (Advanced Mode)
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The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In advanced mode, the operand is a 32-bit longword operand,
providing a 32-bit branch address. The upper 8 bits of these 32 bits are areserved areathat is
regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF-.
Note that the top area of thisrangeis also used for the exception vector table.

Stack structure

In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine
call, and the PC, condition-code register (CCR), and extended control register (EXR) are
pushed onto the stack in exception handling, they are stored as shown in figure 2.4. EXR is not
pushed onto the stack in interrupt control mode 0. For details, see section 4, Exception
Handling.

\/\\/\

SP —~ EXR*'
SP— Reserved 5 Reserved* 1, %3
(SP —) CCR
PC -
(24 bits) - L - PC -
(24 bits) R
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used, it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored when returning.

Figure2.4 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.5 shows a memory map of the H85/2000 CPU. The H852000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. The usable modes and address spaces

differ depending on the product. For details on each product, refer to section 3, MCU Operating
Modes.

H'0000 H'00000000
64 kbyte 16 Mbyte
H'FFFF Program area
HOOFFFFFF | _______________ Data area
Not available
in this LSI
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Note: For this LSI, normal mode is not available.

Figure2.5 Memory Map
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2.4 Register Configuration

The H85/2000 CPU has the internal registers shown in figure 2.6. There are two types of registers:
general registers and control registers. Control registers are a 24-hit program counter (PC), an 8-hit
extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers
23 0
PC |
76543210
ExR [7]-[-]-]-[iefrt]io]
76543210
cer [1ul[]u]n[z]v]c]
[Legend]
SP: Stack pointer H: Half-carry flag
PC: Program counter U: User bit
EXR: Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12 to 10: Interrupt mask bits* V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit
ul: User bit or interrupt mask bit

Note: For this LSI, the interrupt mask bit is not available.

Figure2.6 CPU Internal Registers

RENESAS
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241 General Registers

The H8S5/2000 CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used as both address registers and data registers. When a general register is used
as adataregister, it can be accessed as a 32-bit, 16-bit, or 8-hit register. Figure 2.7 illustrates the
usage of the general registers. When the general registers are used as 32-hit registers or address
registers, they are designated by the letters ER (ERO to ER7).

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

When the general registers are used as 8-hit registers, the R registers are divided into 8-bit general
registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). Theseregisters are
functionally equivalent, providing a maximum sixteen 8-bit registers.

The usage of each register can be selected independently.

General register ER7 has the function of the stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.8 shows the
stack.

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

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure2.7 Usage of General Registers
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Free area

SP (ER7) —»

Stack area

/\/

Figure2.8 Stack

24.2 Program Counter (PC)

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

24.3 Extended Control Register (EXR)

EXR isan 8-bit register that can be operated by the LDC, STC, ANDC, ORC, and XORC
instructions. When an instruction other than STC is executed, al interrupts including NMI are
masked in three states after the instruction is compl eted.

Initial
Bit Bit Name Value R/W Description
7 T 0 R/W Trace Bit
When this bit is set to 1, trace exception processing
starts every when an instruction is executed. When
this bit is cleared to 0, instructions are consecutively
executed.
6to3 — Al — Reserved
These bits are always read as 1.
2to0 I2 1 R/W Interrupt Mask Bits 2 to 0
I 1 R/W Specify interrupt request mask levels (0 to 7). In this
10 1 R/W II_Sl,lthese bits cannot be used as the interrupt mask
evel.
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24.4 Condition-Code Register (CCR)

This 8-hit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

Initial
Bit Bit Name Value R/W Description

7 | 1 R/W Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMl is
accepted regardless of the | bit setting. The | bit is set to
1 at the start of an exception-handling sequence. For
details, refer to section 5, Interrupt Controller.

6 ul Undefined R/W User Bit or Interrupt Mask Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

5 H Undefined R/W Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B or
NEG.B instruction is executed, this flag is set to 1 if there
is a carry or borrow at bit 3, and cleared to 0 otherwise.
When the ADD.W, SUB.W, CMP.W, or NEG.W
instruction is executed, the H flag is set to 1 if there is a
carry or borrow at bit 11, and cleared to 0 otherwise.
When the ADD.L, SUB.L, CMP.L, or NEG.L instruction is
executed, the H flag is set to 1 if there is a carry or
borrow at bit 27, and cleared to 0 otherwise.

4 U Undefined R/W User Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

3 N Undefined R/W Negative Flag
Stores the value of the most significant bit of data as a
sign bit.

2 4 Undefined R/W Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to indicate
non-zero data.

1 \ Undefined R/W Overflow Flag

Set to 1 when an arithmetic overflow occurs, and cleared
to 0 otherwise.
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Initial

Bit Bit Name Value R/W Description

0 C Undefined R/W Carry Flag
Set to 1 when a carry occurs, and cleared to 0 otherwise.
Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to indicate a carry

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

245 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clearsthe
trace (T) bit in EXR to 0, and sets the interrupt mask (1) bitsin CCR and EXR to 1. The other
CCR bits and the general registers are not initialized. Note that the stack pointer (ER7) is
undefined. The stack pointer should therefore be initialized by an MOV .L instruction executed
immediately after areset.
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25 Data Formats

The H8S/2000 CPU can process 1-bit, 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 Formats

Figure 2.9 shows the data formats of general registers.

Data Type Register Number Data Format
7 [
1-bit data A 7565554535251E°|_____P_o_”_'t_c_a_"_a__--..i
___________________ 7 0
1-bit data RnL \ Dontcare  [7i65/4i3i2] 10
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care i
__________________ J
___________________ 7 4 3 0
4-bit BCD data RnL Don't care | Upper | Lower |
7 0
Byte data RnH T T | Don't care E
MSB s T
___________________ 7 0
Byte data RnL ! Don't care | : I : I :
"""""""""" MSB LSB

Figure2.9 General Register Data Formats (1)
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Data Type Register Number Data Format
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15 0
MSB En Rn LSB
[Legend]
ERn: General register ER
En: General register E
Rn: General register R
RnH : General register RH
RnL: General register RL
MSB : Most significant bit
LSB: Least significant bit

Figure2.9 General Register Data Formats (2)

RENESAS
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252 Memory Data For mats

Figure 2.10 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword datain 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 O, so the access starts at the preceding address. This

also appliesto instruction fetches.

When SP (ERY7) is used as an address register to access the stack, the operand size should be word

size or longword size.

Data Type Address
1-bit data Address L
Byte data Address L
Word data Address 2M
Address 2M+1
Longword data Address 2N
Address 2N+1
Address 2N+2
Address 2N+3

Data Format

/\/

7 0

76 [s][4]3]2]1]o0

MSB, i i ! ! ! LSB

SB -
e
MSB. : :
L0 0 4 4 LsB

Figure2.10 Memory Data Formats
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2.6 Instruction Set

The H85/2000 CPU has 65 types of instructions. The instructions are classified by function as

shown in table 2.1.

Table2.1 Instruction Classification
Function Instructions Size Types
Data transfer MOV B/W/L 5
POP*', PUSH*' Wi/L
LDM, STM L
MOVFPE*’, MOVTPE*® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS W/L
TAS** B
Logic operations ~ AND, OR, XOR, NOT B/W/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/W/L
ROTXR
Bit manipulation =~ BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch B..**, JMP, BSR, JSR, RTS —
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, —
NOP
Block data transfer EEPMOV — 1
Total: 65

Notes: B: Byte size; W: Word size; L: Longword size.

1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn, @-
SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,

@-SP.

2. B, is the general name for conditional branch instructions.

w

Cannot be used in this LSI.

4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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26.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in
tables 2.3 t0 2.10 is defined below.

Table2.2 Operation Notation

Symbol Description

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

ERn General register (32-bit register)
(EAd) Destination operand
(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR
V4 Z (zero) flag in CCR

\ V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

® Logical exclusive OR

- Move

~ NOT (logical complement)

:8/:16/:24/:32 8-, 16-, 24-, or 32-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 registers (ERO to ER7).

Rev. 2.00, 03/04, page 30 of 534
RENESAS



Table2.3 DataTransfer Instructions

Instruction Size* Function
MOV B/W/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 B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP Wi/L @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn
PUSH WI/L Rn —» @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.
LDM L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
STM L Rn (register list) »> @-SP

Pushes two or more general registers onto the stack.

Note: Size refers to the operand size.

B: Byte

W: Word
L: Longword
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Table2.4 Arithmetic OperationsInstructions (1)

Instruction Size*

Function

ADD B/WI/L Rd + Rs — Rd, Rd + #IMM — Rd

SuB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Subtraction on
immediate data and data in a general register cannot be performed in
bytes. Use the SUBX or ADD instruction.)

ADDX B Rd + Rs + C —» Rd, Rd = #IMM + C — Rd

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

INC B/WI/L Rd+1—> Rd,Rd+2— Rd

DEC Adds or subtracts the value 1 or 2 to or from data in a general register.
(Only the value 1 can be added to or subtracted from byte operands.)

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 x Rs — 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 x Rs — 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 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

Note: Size refers to the operand size.
B: Byte
W: Word

L: Longword
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Table2.4 Arithmetic OperationsInstructions (2)

Instruction

Size*!

Function

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 the CCR bits according to the result.

NEG

B/W/L

0-Rd — Rd

Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU

W/L

Rd (zero extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS

W/L

Rd (sign extension) — Rd

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

TAS*?

@ERd -0, 1 — (<bit 7> of @ERd)

Tests memory contents, and sets the most significant bit (bit 7) to 1.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L:

Longword

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table2.5

L ogic Operations I nstructions

Instruction Size* Function

AND B/W/L Rd A Rs — Rd, Rd A #IMM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L Rd v Rs - Rd, Rd v #IMM — Rd
Performs a logical OR operation on a general register and another
general register or imnmediate data.

XOR B/W/L Rd © Rs —» Rd, Rd @ #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 data in a general
register.

Note: Size refers to the operand size.

B: Byte
W: Word
L: Longword
Table2.6  Shift Instructions
Instruction Size* Function
SHAL B/WI/L Rd (shift) »> Rd
SHAR Performs an arithmetic shift on data in a general register. 1-bit or 2 bit
shift is possible.
SHLL B/WI/L Rd (shift) -> Rd
SHLR Performs a logical shift on data in a general register. 1-bit or 2 bit shift is
possible.
ROTL B/W/L Rd (rotate) - Rd
ROTR Rotates data in a general register. 1-bit or 2 bit rotation is possible.
ROTXL B/W/L Rd (rotate) - Rd
ROTXR Rotates data including the carry flag in a general register. 1-bit or 2 bit

rotation is possible.

Note: Size refers to the operand size.
B: Byte
W: Word

L: Longword
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Table2.7

Instruction

Bit Manipulation Instructions (1)

Size*

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 three 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 three 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 three 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 three bits of a general register.

BAND

C A (<bit-No.> of <EAd>) —» C

Logically 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 A (<bit-No.> of <EAd>) —» C

Logically 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 v (<bit-No.> of <EAd>) —» C

Logically 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 v (~ <bit-No.> of <EAd>) — C

Logically 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.

Note: Size refers to the operand size.
B: Byte
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Table2.7 Bit Manipulation Instructions (2)

Instruction  Size* Function

BXOR B C @ (<bit-No.> of <EAd>) —» C
Logically 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 B C ® ~ (<bit-No.> of <EAd>) — C
Logically 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.

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

Branch Instructions

Instruction  Size Function
Bcc — Branches to a specified address if a specified condition is true. The

branching conditions are listed below.

Mnemonic Description Condition

BRA (BT) Always (true) Always

BRN (BF) Never (false) Never

BHI High Cvz=0

BLS Low or same CvzZ=1

BCC (BHS) Carry clear C=0

(high or same)

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 Greaterorequal N®V=0

BLT Less than NeV=1

BGT Greater than Zv(N®V)=0

BLE Less or equal Zv(NeV)=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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Table2.9

System Control Instructions

Instruction  Size* Function
TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) —» CCR, (EAs) —» EXR
Moves the memory operand contents or immediate data to CCR or
EXR. Although CCR and EXR are 8-bit registers, word-size transfers
are performed between them and memory. The upper 8 bits are valid.
STC B/W CCR — (EAd), EXR — (EAd)
Transfers CCR or EXR contents to a general register or memory
operand. Although CCR and EXR are 8-bit registers, word-size
transfers are performed between them and memory. The upper 8 bits
are valid.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate
data.
NOP — PC+2 - PC

Only increments the program counter.

Note: Size refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction  Size Function

EEPMOV.B — if R4L = 0 then

Repeat @ ER5+ —» @ERG+
R4L-1 — R4L
UntilR4L =0
else next:

EEPMOV.W — if R4 = 0 then

Repeat @ER5+ —» @ER6+
R4-1 —» R4
UntilR4=0
else next:

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location
set in ERG.

Execution of the next instruction begins as soon as the transfer is
completed.

2.6.2 Basic I nstruction Formats

The H8S/2000 CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), aregister field (r), an effective address extension (EA), and a condition field

(co).

Figure 2.11 shows examples of instruction formats.

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 four bits of the instruction.
Some instructions have two operation fields.

Register field

Specifies ageneral register. Address registers are specified by 3 bits, and dataregistersby 3
bits or 4 bits. Some instructions have two register fields, and some have no register field.
Effective address extension

8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement.
Condition field

Specifies the branching condition of Bcc instructions.
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(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op rn rm ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m rm
MOV.B @(d:16, Rn), Rm, etc.
EA (disp)
(4) Operation field, effective address extension, and condition field
op cc EA (disp) BRA d:16, etc.

Figure2.11 Instruction Formats (Examples)

2.7 Addressing Modes and Effective Address Calculation

The H85/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes.

Arithmetic and logic operations instructions can use the register direct and immediate addressing
modes. Data transfer instructions can use all addressing modes except program-counter relative
and memory indirect. Bit manipulation instructions can use register direct, register indirect, or
absolute 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:32,ERn)
4 Register indirect with post-increment @ERnN+
Register indirect with pre-decrement @-ERn
5  Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xx:8/#xx:16/#xx:32
7 Program-counter relative @ (d:8,PC)/@(d:16,PC)
8  Memory indirect @ @aa:8
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271 Register Direct—Rn

Theregister field of the instruction code specifies an 8-, 16-, or 32-bit general register which
contains 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-hit registers.

2.7.2 Register Indirect—@ERnN

Theregister field of the instruction code specifies an address register (ERn) which contains the
address of amemory operand. If the addressis a program instruction address, the lower 24 bits are
valid and the upper 8 bits are all assumed to be 0 (H'00).

2.7.3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction code is added to an address register
(ERn) specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-hit displacement is sign-extended when added.

274 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN

Register Indirect with Post-l ncrement—@ERN+: The register field of the instruction code
specifies an address register (ERn) which contains the address of a memory operand. After the
operand isaccessed, 1, 2, or 4 is added to the address register contents and the sum is stored in the
addressregister. The value added is 1 for byte access, 2 for word access, and 4 for longword
access. For word or longword transfer instructions, the register value should be even.

Register Indirect with Pre-Decrement—@-ERn: Thevaue 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result
becomes 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, and 4 for longword access. For word or
longword transfer instructions, the register value should be even.

275 Absolute Addr ess—@aa: 8, @aa: 16, @aa: 24, or @aa:32

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bitslong (@aa:8), 16 hits long (@aa:16), 24 bits long (@aa:24), or 32 hits long
(@aa:32). Table 2.12 indicates the accessible absol ute address ranges.

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa: 16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address, the upper 16 bits are a sign extension. For a 32-bit absolute address,
the entire address space is accessed.
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A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are al assumed to be 0 (H'00).

Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FFO00 to H'FFFF H'FFFFOO0 to H'FFFFFF
16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction 24 bits (@aa:24)
address

2.7.6 I mmediate—#xx: 8, #xx:16, or #xx:32

The 8-bit (#xx:8), 16-hit (#xx:16), or 32-bit (#xx:32) immediate data contained in ainstruction
code can be used directly as an operand.

The ADDS, SUBS, INC, and DEC instructionsimplicitly contain immediate datain their
instruction codes. Some bit manipulation instructions contain 3-bit immediate datain the
instruction code, specifying a bit number. The TRAPA instruction contains 2-bit immediate data
in itsinstruction code, specifying a vector address.

2717 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

This mode can be used by the Bcc and BSR instructions. An 8-hit or 16-bit displacement
contained in the instruction code is sign-extended to 24 hits and added to the 24-bit address
indicated by the PC value to generate a 24-bit branch address. Only the lower 24 bits of this
branch address are valid; the upper 8 bits are all assumed to be 0 (H'00). 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.

2.7.8 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 which contains a branch address. The upper bits of
the 8-bit absolute address are all assumed to be 0, so the address range is 0 to 255 (H'0000 to
H'00FF in normal mode, H'000000 to H'0000FF in advanced mode).
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In normal mode, the memory operand is aword operand and the branch addressis 16 bitslong. In
advanced mode, the memory operand is alongword operand, the first byte of which is assumed to

be 0 (H'00).

Note that the top area of the address range in which the branch addressis stored is aso used for
the exception vector area. For further details, refer to section 4, Exception Handling.

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or the instruction code to be
fetched at the address preceding the specified address. (For further information, see section 2.5.2,
Memory Data Formats.)

\_/_\

Specified —
by @aa:8

Specified —

Branch address - --- by @aa:8

Note: For t

Reserved

Branch address

\_/\

(a) Normal Mode*

his LSI, normal mode is not available.

\/\

(b) Advanced Mode

Figure2.12 Branch Address Specification in Memory Indirect Addressing Mode
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279 Effective Address Calculation

Table 2.13 indicates how effective addresses are calculated in each addressing mode. In normal
mode, the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.

Table2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 Register direct (Rn)

[ o [m][m]

Operand is general register contents.

2 Register indirect (@ ERn) 31 0 31 2423

I General register contents |——>|Don'1 Cal’el
Lo ] ]

3 | Register indirect with displacement
@(d:16,ERn) or @(d:32,ERN) 31 0

I General register contents

31 2423
0 r dis) |
| P | | | P ——lDon't carel
31 0
| Sign extension | disp
4 Register indirect with post-increment or
pre-decrement 31 31 2423
*Register indirect with post-increment @ ERn+ [ - -
| General register contents ——lDon t carel
Lo [ ] |
*Register indirect with pre-decrement @-ERn 31
I General register contents 31 2423

——lDon't carel

[ [ ] |

Operand Size Offset
Byte 1
Word 2
Longword 4
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Table2.13 Effective Address Calculation (2)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

5 Absolute address

#XX:8/H#xx:16/#xx:32

@aa:8 31 2423 87 0
|Don't carel H'FFFF | |
}
@aa:16 31 2423 16 15
| op | abs | |Don't carel Sign extensionl |
@aa:24 31 2423 0
| op | abs | |Don't carel |
I }
@aa:32
op 31 2423 0
abs |Don't carel
I !
6 Immediate

Operand is immediate data.

op IMM
7 Program-counter relative 23 0
@(d:8,PC)/@(d:16,PC) | PC contents h
op disp ;
]
extension 31 2423 0
|Don't carel
8 Memory indirect @ @aa:8
* Normal mode*
‘ - S|
“m H'000000 | abs |
15 0 31 2423 16 15 0
Memory contents | |Don't carel H'00 | |
* Advanced mode
‘ 3 VL
31 0 |Don't carel
Memory contents | T
1
Note: For this LSI, normal mode is not available.
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2.8 Processing States

The H85/2000 CPU has four main processing states. the reset state, exception handling state,
program execution state, and program stop state. Figure 2.13 indicates the state transitions.

o Reset state
In this state the CPU and internal peripheral modules are all initialized and stopped. When the
RES input goes low, al current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, refer to section 4, Exception Handling.
The reset state can also be entered by awatchdog timer overflow.

e Exception-handling state
The exception-handling state is atransient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as, areset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception vector table and branches to that
address. For further details, refer to section 4, Exception Handling.

e Program execution state
In this state the CPU executes program instructions in sequence.

e Program stop state
Thisis a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details,
refer to section 16, Power-Down Modes.
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Program execution state

Sleep mode
Software standby
mode H

Exception External interrupt request

handlin?_sy

RES = High

STBY = High,

! N 5 RES = Low
' Reset state™’ - .

Reset state

Hardware standby
mode "2

Power-down state™®

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES goes low.
A transition can also be made to the reset state when the watchdog timer overflows.
2. In every state, when the STBY pin becomes low, the hardware standby mode is entered.
3. For details, refer to section 16, Power-Down Modes.

Figure2.13 State Transitions
2.9 Usage Note

291 Note on Bit Manipulation Instructions

Bit manipulation instructions such as BSET, BCLR, BNOT, BST, and BIST read datain byte
units, perform bit manipulation, and write data in byte units. Thus, care must be taken when these
bit manipulation instructions are executed for aregister or port including write-only bits.

In addition, the BCLR instruction can be used to clear the flag of an internal 1/O register. In this
casg, if the flag to be cleared has been set by an interrupt processing routine, the flag need not be
read before executing the BCLR instruction.
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Section 3 MCU Operating Modes

31 Operating Mode Selection

This LS| supports single operating mode (mode 2). The operating mode is determined by the
setting of the mode pins (MD2 and MD1). Table 3.1 shows the MCU operating mode selection.

Table3.1 MCU Operating Mode Selection

MCU Operating CPU Operating
Mode MD2 MD1 Mode Description On-Chip ROM
2 1 1 Advanced mode Extended mode with on-chip ROM Enabled

Single-chip mode

Mode 2 is single-chip mode after areset. The CPU can switch to extended mode by setting bit
EXPEin MDCRto 1.

Modes 0, 1, 3, 5, and 7 cannot be used in this LS. Modes 4 and 6 are specific modes. Thus, mode
pins should be set to enable mode 2 in normal program execution state. Mode pins should not be
changed during operation.

Mode 4 is a boot mode to program/erase the flash memory.

Mode 6 is on-chip emulation mode. This mode is controlled by the on-chip emulator (E10A) via
the JTAG interface, and on-chip emulation can be performed.
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3.2 Register Descriptions
The following registers are related to the operating mode.

e Mode control register (MDCR)
e System control register (SY SCR)

321 Moaode Control Register (MDCR)

MDCR is used to set an operating mode and to monitor the current operating mode.

Initial
Bit Bit Name Value R/W  Description
7 EXPE 0 R/W  Extended Mode Enable
Specifies extended mode.
0: Single-chip mode
1: Extended mode
6to3 — AllO R Reserved
These bits are always read as 0 and cannot be
modified.
2 MDS2 —* R Mode Select 2, 1
MDS1 —* R These bits indicate the input levels at mode pins (MD2

and MD1) (the current operating mode). Bits MDS2 and
MDS1 correspond to MD2 and MD1, respectively.
MDS2 and MDS1 are read-only bits and they cannot be
written to. The mode pin (MD2 and MD1) input levels
are latched into these bits when MDCR is read. These
latches are canceled by a reset.

0 — 0 R Reserved
This bit is always read as 0 and cannot be modified.

Note: * The initial values are determined by the settings of the MD2 and MD1 pins.
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322 System Control Register (SYSCR)

SY SCR monitors areset source, selects the interrupt control mode and the detection edge for
NMI, and controls on-chip RAM address space.

Initial
Bit Bit Name Value R/W Description
7,6 — AllO R/W Reserved
The initial value should not be changed.
5 INTMH1 R These bits select the control mode of the interrupt
INTMO R/W controller. For details on the interrupt control modes,
see section 5.6, Interrupt Control Modes and Interrupt
Operation.
00: Interrupt control mode O
01: Interrupt control mode 1
10: Setting prohibited
11: Setting prohibited
3 XRST 1 R External Reset
This bit indicates the reset source. A reset is caused
by an external reset input, or when the watchdog timer
overflows.
0: A reset is caused when the watchdog timer
overflows.
1: A reset is caused by an external reset.
2 NMIEG 0 R/W NMI Edge Select
Selects the valid edge of the NMI interrupt input.
0: An interrupt is requested at the falling edge of NMI
input
1: An interrupt is requested at the rising edge of NMI
input
1 — 0 R/W Reserved
The initial value should not be changed.
0 RAME 1 R/W RAM Enable

Enables or disables on-chip RAM. The RAME bit is
initialized when the reset state is released.

0: On-chip RAM is disabled
1: On-chip RAM is enabled
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3.3 Operating Modes

331 Mode 2

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

After areset, the LSl is set to single-chip mode. To access an externa address space, bit EXPE in

MDCR should be set to 1.

In extended mode, ports 6 and 7 function asinput ports after areset. Ports 6 and 7 function as an
address bus by setting the AHOE, AMOE, ALOE bitsto 1 in the port function control register 1
(PFCR1). Ports 5 and 8 function as a data bus, and parts of ports9 and A function bus control

signals.

332 Pin Functions

Table 3.2 shows pin functions in operating mode 2.

Table3.2 Pin Functionsin Operating Mode 2

Port Mode 2

Port 5 I/O port*/Data bus /0

Port 6 I/0O port*/Address bus output

Port 7 I/O port*/Address bus output

Port 8 I/O port*/Data bus I/O

Port 9 P97 I/O port*/Clock 1/0
P96 to P90 Input port*/Control signal output

Port A PA3 to PA1 I/O port*/Address bus output/Control signal output
PAO I/O port*/Address bus output

[Legend]

*:  After a reset
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34

AddressMap

Figure 3.1 shows the address map in each operating mode.

ROM: 256 kbytes
RAM: 32 kbytes

Mode 2 (EXPE = 1)
Advanced mode
Extended mode with on-chip ROM

H'000000

H'040000

H'FF7000

HFFF000
HFFFCO0
H'FFFFOO
H'FFFF40
HFFFFFF

Note: * These areas can be used as an on-chip RAM area by setting the RAME bit in SYSCR to 1.

On-chip ROM

External address
space

On-chip
RAM/external
address space*

External address
space

Internal 1/0O registers

External address
space

Internal I/O registers

H'000000

H'040000

H'FF7000

HFFFO00
HFFFCO00

HFFFF00

H'FFFF40
H'FFFFFF

ROM: 256 kbytes
RAM: 32 kbytes

Mode 2 (EXPE = 0)
Advanced mode
Single chip mode

On-chip ROM

Reserved area

On-chip
RAM/reserved
area*

Reserved area

Internal 1/O registers

Reserved area

Internal I/O registers

Figure3.1 AddressMap
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Section 4 Exception Handling

Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, interrupt, or trap instruction.
Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneously, they are accepted and processed in order of priority.

Table4.1

Priority

Exception Typesand Priority

Exception Type

Start of Exception Handling

High
A

Low

Reset Starts immediately after a low-to-high transition of the RES
pin, or when the watchdog timer overflows.
Interrupt Starts when execution of the current instruction or

exception handling ends, if an interrupt request has been
issued. Interrupt detection is not performed on completion
of ANDC, ORC, XORC, or LDC instruction execution, or on
completion of reset exception handling.

Trap instruction

Started by execution of a trap (TRAPA) instruction. Trap
instruction exception handling requests are accepted at all
times in program execution state.
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4.2 Exception Sour ces and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exception
sources and their vector addresses.

Table4.2 Exception Handling Vector Table

Vector Address

Exception Source Vector Number  Advanced Mode
Reset 0 H'000000 to H'000003
Reserved for system use 1| H'000004 to H'000007
6 H'000018 to H'00001B
External interrupt (NMI) 7 H'00001C to H'00001F
Trap instruction (four sources) 8 H'000020 to H'000023
9 H'000024 to H'000027
10 H'000028 to H'00002B
11 H'00002C to H'00002F
Reserved for system use 12 H'000030 to H'000033
1|5 H'OOOOSé to H'00003F
External interrupt  IRQO 16 H'000040 to H'000043
External interrupt IRQ1 17 H'000044 to H'000047
External interrupt  IRQ2 18 H'000048 to H'00004B
External interrupt  |RQ3 19 H'00004C to H'00004F
External interrupt  |RQ4 20 H'000050 to H'000053
External interrupt  |RQs 21 H'000054 to H'000057
External interrupt |RQe 22 H'000058 to H'00005B
External interrupt |gq7 23 H'00005C to H'00005F
Internal interrupt* 2|4 H'000060 to H'000063
110 H'0001B8 to H'0001BB

Note: * For details on the internal interrupt vector table, see section 5.5, Interrupt Exception
Handling Vector Table.
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4.3 Reset

A reset has the highest exception priority. When the RES pin goes low, all processing halts and
this LSI entersthe reset. To ensure that thisLS! isreset, hold the RES pin low for at least 20 ms at
power-on. To reset the chip during operation, hold the RES pin low for at least 20 states. A reset
initializes the internal state of the CPU and the registers of on-chip peripheral modules. The chip
can aso be reset by overflow of the watchdog timer. For details, see section 10, Watchdog Timer
(WDT).

431 Reset Exception Handling

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

1. Theinternal state of the CPU and the registers of the on-chip peripheral modules are initialized
andthel bitissetto 1in CCR.

2. Thereset exception handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figure 4.1 shows an example of the reset sequence.
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Vector Internal Prefetch of first program
fetch processing instruction
-— - -

<

3
m
(70

Internal address bus iX (1) ;X ; (3) iX (5) iX:
Internal read signal i g Il i i
Internal write signal E ; High ; | |
Internal data bus E 2 ; E

(1), (3) Reset exception handling vector address ((1) = H'000000, (3) = H'000002)
(2), (4) Start address (contents of reset exception handling vector address)
(5)
6)

Start address ((5) = (2)(4))
First program instruction

Figure4.1 Reset Sequence

432 Interrupts after Reset

If an interrupt is accepted after areset and before the stack pointer (SP) isinitialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, al interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of aprogram is
always executed immediately after the reset state ends, make sure that thisinstruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

433 On-Chip Peripheral Modules after Reset is Cancelled

After areset is cancelled, the module stop control register (MSTPCR) isinitialized, and all
modules except the DMAC operate in module stop mode. Therefore, the registers of on-chip
peripheral modules cannot be read from or written to. To read from and write to these registers,
clear module stop mode.
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4.4 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The sourcesto start interrupt exception
handling are external interrupt sources (NMI and IRQ7 to IRQO) and internal interrupt sources
from the on-chip peripheral modules. NMI is an interrupt with the highest priority. For details, see
section 5, Interrupt Controller.

Interrupt exception handling is conducted as follows:

1. Thevauesin the program counter (PC) and condition code register (CCR) are saved to the
stack.

2. A vector address corresponding to the interrupt source is generated, the start addressis loaded
from the vector table to the PC, and program execution begins from that address.

45 Trap Instruction Exception Handling

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all timesin the program execution state.

Trap instruction exception handling is conducted as follows:

1. Thevauesin the program counter (PC) and condition code register (CCR) are saved to the
stack.

2. A vector address corresponding to the interrupt source is generated, the start addressis loaded
from the vector table to the PC, and program execution starts from that address.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from 0 to 3, as specified in the instruction code.

Table 4.3 shows the status of CCR after execution of trap instruction exception handling.

Table4.3 Statusof CCR after Trap Instruction Exception Handling

CCR
Interrupt Control Mode I Ul
0 Setto 1 Retains value prior to execution
1 Setto 1 Set to 1
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4.6 Stack Status after Exception Handling

Figure 4.2 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

SP— CCR

s po oo
____ (24vbits) .___]

N~ —

Figure4.2 Stack Statusafter Exception Handling

4.7 Usage Note

When accessing word data or longword data, this LS| assumes that the lowest address bit is 0. The
stack should always be accessed in words or longwords, and the value of the stack pointer (SP:
ER7) should always be kept even.

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

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

POP.L ERn  (Or MOV.L @SP+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4.3 shows an operation example
when the SP value is odd.
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N——— N—— N——_—_ | Address
CCR SP —» R1L H'FFFEFA
SP —» H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
] e e e e HFFFEFF

N—— N—— N——
TRAPA instruction executed MOV.B R1L, @-ER7 executed
SP set to H'FFFEFF Data saved above SP Contents of CCR lost

Legend

CCR : Condition code register
PC : Program counter

R1L : General register R1L
SP : Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0.

Figure4.3 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Features

Two interrupt control modes

Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin the
system control register (SY SCR).

Priorities settable with ICR

Aninterrupt control register (ICR) is provided for setting interrupt priorities. Three priority
levels can be set for each module for al interrupts except NMI.

Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to be identified in the interrupt handling routine.

Nine externa interrupts

NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling-edge, rising-edge, or both-edge detection, or level
sensing, can be selected for IRQ7 to IRQO.

| INTM1, INTMO CPU

|3YSCR!
NMIEG *
NMI input NMI input Interrupt
request

IRQ input —
ISR Priority level

determination
jsoR
. 1, Ul
Internal interrupt sources !
WOVIO to USBI2 ] CCR |

ICR

IRQ input

Vector number

Interrupt controller

[Legend]

ICR: Interrupt control register
ISCR: IRQ sense control register
IER: IRQ enable register

ISR : IRQ status register

SYSCR : System control register

Figure5.1 Block Diagram of Interrupt Controller

Rev. 2.00, 03/04, page 63 of 534
RENESAS




5.2 I nput/Output Pins
Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Pin Configuration

Symbol 1/0 Function

NMI Input Nonmaskable external interrupt
Rising edge or falling edge can be selected

TRQ7 to IRQO Input Maskable external interrupts
Rising edge, falling edge, or both edges, or level sensing, can
be selected individually for each pin. Whether the IRQn
interrupt is input from the IRQn or (IRQN) is selectable.
(n=7100)

53 Register Descriptions

The interrupt controller has the following registers. For details on the system control register
(SYSCR), see section 3.2.2, System Control Register (SY SCR), and for details on the IRQ sense
port select register (ISSR), see section 8.11.2, IRQ Sense Port Select Register (ISSR).

o Interrupt control registers A to C (ICRA to ICRC)

e Address break control register (ABRKCR)

e Break addressregisters A to C (PBARA to PBARC)
¢ |RQ sense control registersH, L (ISCRH, ISCRL)

o |RQ enableregister (IER)

o |RQ statusregister (ISR)

531 Interrupt Control Registers A to C (ICRA to ICRC)
The ICR registers set interrupt control levels for interrupts other than NMI.

The correspondence between interrupt sources and ICRA to ICRC settingsis shown in table 5.2.

Initial
Bit Bit Name Value R/W Description
7t00 ICRn7to All O R/W Interrupt Control Level

IRCnO 0: Corresponding interrupt source is interrupt control

level O (no priority)

1: Corresponding interrupt source is interrupt control
level 1 (priority)

Note: n: AtoC
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Table5.2 Correspondence between Interrupt Sourceand ICR

Register
Bit  Bit Name ICRA ICRB ICRC
7 ICRn7 IRQO — SClI
6 ICRNn6 IRQ1 Suspend recover —
interrupt

5 ICRn5 IRQ2, IRQ3 DMAC —

4 ICRn4 IRQ4, IRQ5 — —

3 ICRn3 IRQS6, IRQ7 TMR_O —

2 ICRn2 — TMR_1 —

1 ICRn1 WDT — —

0 ICRNO Refresh timer — uUsB2

Note: n: AtoC

—: Reserved. The write value should always be 0.

532 Address Break Control Register (ABRKCR)

ABRKCR controls the address breaks. When both the CMF flag and BIE flag are set to 1, an
address break is requested.

Bit Bit Name

Initial
Value R/W

Description

7 CMIF Undefined R/W Condition Match Flag
Address break source flag. Indicates that an address
specified by BARA to BARC is prefetched.
[Clearing condition]
When an exception handling is executed for an address
break interrupt.
[Setting condition]
When an address specified by BARA to BARC is
prefetched while the BIE flag is set to 1.

6to1 — AllO R Reserved
These bits are always read as 0 and cannot be
modified.

0 BIE 0 R/W  Break Interrupt Enable

Enables or disables address break.
0: Disabled
1: Enabled
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533 Break Address Registers A to C (PBARA to PBARC)

The PBAR registers specify an address that isto be a break address. An address in which the first
byte of an instruction exists should be set as a break address.

o PBARA
Initial
Bit Bit Name Value R/W Description
7t00 A23toA16 AllO R/W Addresses 23 to 16
The A23 to A16 bits are compared with A23 to A16 in
the internal address bus.
¢ PBARB
Initial
Bit Bit Name Value R/W Description
7t00 A15to A8 AllO R/W Addresses 1510 8
The A15 to A8 bits are compared with A15 to A8 in the
internal address bus.
e PBARC
Initial
Bit Bit Name Value R/W Description
7to1 A7to Al AllO R/W Addresses 7 to 1
The A7 to A1 bits are compared with A7 to A1 in the
internal address bus.
0 — 0 R Reserved

This bit is always read as 0 and cannot be modified.
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534 IRQ Sense Control RegistersH, L (ISCRH, ISCRL)

The ISCR registers select the source that generates an interrupt request at pins IRQ7 to IRQO.

The IRQ7 to IRQO pins can be switched to input pins by setting the IRQ sense port select register

(ISSR).
e ISCRH
Initial

Bit Bit Name Value R/W Description
7 IRQ7SCB 0 R/W IRQn Sense Control B
6 IRQ7SCA 0 R/W IRQn Sense Control A
5 IRQ6SCB 0 RIW 00: iI:gzrtrupt request generated at low level of IRQn
4 IRQ6SCA 0 R/W _

Q 01: Interrupt request generated at falling edge of IRQn
3 IRQ5SCB 0 R/W input
2 IRQ5SCA 0 R/W  10: Interrupt request generated at rising edge of IRQn
1 IRQ4SCB 0 R/W input
0 IRQ4SCA O R/W 11: Interrupt request generated at both falling and rising

edges of IRQn input
(n=71o04)
o |ISCRL
Initial

Bit Bit Name Value R/W Description
7 IRQ3SCB 0 R/W IRQnN Sense Control B
6 IRQ3SCA 0 R/W IRQn Sense Control A
5 IRQ2SCB 0 RIW 00: il:;irtrupt request generated at low level of IRQn
4 IRQ2SCA 0 R/W e

Q 01: Interrupt request generated at falling edge of IRQn
3 IRQ1SCB 0 R/W input
2 IRQ1ISCA 0 R/W  10: Interrupt request generated at rising edge of IRQn
1 IRQOSCB 0 R/W input
0 IRQOSCA 0 R/W 11: Interrupt request generated at both falling and rising

edges of IRQn input

(n=3100)
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535  IRQ Enable Register (IER)

IER controls the enabling and disabling of interrupt requests IRQ7 to IRQO.

Initial
Bit Bit Name Value R/W Description
7 IRQ7E 0 R/W IRQn Enable (n =7 to 0)
6 IRQ6E 0 R/W The IRQn interrupt request is enabled when this bit is 1.
5 IRQ5E 0 R/W
4 IRQ4E 0 R/W
3 IRQ3E 0 R/W
2 IRQ2E 0 R/W
1 IRQ1E 0 R/W
0 IRQOE 0 R/W

536  IRQ StatusRegister (ISR)

ISR isaflag register that indicates the status of IRQ7 to IRQO interrupt requests.

Initial
Bit Bit Name Value R/W Description
7 IRQ7F 0 R/W [Setting condition]
6 IRQ6F 0 R/W When the interrupt source selected by the ISCR
5 IRQ5F 0 R/W registers occurs
4 IRQ4F 0 R/W [Clearing conditions]
3 IRQ3F 0 R/W ¢ When reading IRQnF flag when IRQnF = 1, then
5 IRQ2F 0 R/W writing O to IRQnNF flag
1 IRQ1F 0 R/W e When interrupt exception handling is executed when
low-level detection is set and IRQn input is high
0 IRQOF 0 R/W

¢ When IRQn interrupt exception handling is executed
when falling-edge, rising-edge, or both-edge
detection is set

(n=7100)
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54 Interrupt Sources

541 External Interrupts

There are two externa interrupts: NMI and IRQ7 to IRQO. These interrupts can be used to restore
this LSI from software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SY SCR can be used to select whether an interrupt is requested at arising edge or afalling
edge on the NMI pin.

IRQ71toIRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pins IRQ7
to IRQO. Interrupts IRQ7 to IRQO have the following features:

e Theinterrupt exception handling for interrupt requests IRQ7 to IRQO can be started at an
independent vector address.

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.
e Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with |ER.

e The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to 0
by software.

The detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been
set for input or output. However, when apin is used as an externa interrupt input pin, do not clear
the corresponding port DDR to 0 to use the pin as an /O pin for another function.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.2.

IRQnE
IRQNSCA, IRQNSCB

¢ IRQnF
IRQn interrupt
| | 4 > ] Edge/level 1S Q request
detection circuit
IRQnN input ’_> R

Clear signal

n=7t0

Figure5.2 Block Diagram of InterruptsRQ7to IRQO
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54.2 Internal Interrupts
Internal interrupts issued from the on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that individually select enabling or disabling of these interrupts. When the
enable bit for aparticular interrupt source is set to 1, an interrupt request is sent to the interrupt
controller.

e Thecontrol level for each interrupt can be set by ICR.

55 Interrupt Exception Handling Vector Table

Table 5.3 listsinterrupt exception handling sources, vector addresses, and interrupt priorities. For
default priorities, the lower the vector number, the higher the priority. Modules set at the same
priority will conform to their default priorities. Priorities within amodule are fixed.

An interrupt control level can be specified for amodule to which an ICR bit is assigned. Interrupt
requests from modules that are set to interrupt control level 1 (priority) by the ICR bit setting and
the | and Ul bitsin CCR are given priority and processed before interrupt requests from modules
that are set to interrupt control level O (no priority).

Table5.3 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Origin of
Interrupt Vector
Source Name Number Vector Address ICR Priority
External pin NMI 7 H'00001C — High
IRQO 16 H'000040 ICRA7 A
IRQ1 17 H'000044 ICRA6
IRQ2 18 H'000048 ICRA5
IRQ3 19 H'00004C
IRQ4 20 H'000050 ICRA4
IRQ5 21 H'000054
IRQ6 22 H'000058 ICRA3
IRQ7 23 H'00005C
— Reserved for system use 24 H'000060 —
WDT WOVIO (Interval timer) 25 H'000064 ICRA1
Refresh timer CMI (Compare match) 26 H'000068 ICRAO
— Address break 27 H'00006C —
— Reserved for system use 28 H'000070 — Low
29 H'000074
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Origin of

Interrupt Vector
Source Name Number Vector Address ICR Priority
External pin SUSRI 30 H'000078 ICRB6  High
(Suspend recover interrupt) A
— Reserved for system use 31to H'00007C to —
33 H'000084
DMAC DENDO 34 H'000088 ICRB5
DEND1 35 H'00008C
DEND2 36 H'000090
DENDS3 37 H'000094
— Reserved for system use 38 to H'000098 to —
63 H'0000FC
TMR_O CMIAO (Compare match A) 64 H'000100 ICRB3
CMIBO (Compare match B) 65 H'000104
OVIO0 (Overflow) 66 H'000108
Reserved for system use 67 H'00010C
TMR_1 CMIA1 (Compare match A) 68 H'000110 ICRB2
CMIB1 (Compare match B) 69 H'000114
OVI1 (Overflow) 70 H'000118
Reserved for system use 71 H'00011C
— Reserved for system use 72 to H'000120 to —
79 H'00013C
SCI ERIO (Reception error 0) 80 H'000140 ICRC7
RXI0 (Reception completion 0) 81 H'000144
TXIO (Transmission data empty 0) 82 H'000148
TEIO (Transmission end 0) 83 H'00014C
— Reserved for system use 84 to H'000150 to —
107 H'0001AC
usB2 USBI1 108 H'0001B0 ICRCO
USBIO 109 H'0001B4
USBI2 110 H'0001B8
Reserved for system use 111 H'0001BC Low
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5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: Interrupt control mode 0 and interrupt control mode 1.
Interrupt operations differ depending on the interrupt control mode. NMI interrupts and address
break interrupts are always accepted except for in reset state or in hardware standby mode. The
interrupt control mode is selected by SY SCR. Table 5.4 shows the interrupt control modes.

Table5.4 Interrupt Control Modes

Interrupt SYSCR Priority

Control Setting Interrupt

Mode INTM1 INTMO  Registers Mask Bits Description

0 0 0 ICR | Interrupt mask control is performed by
the | bit. Priority levels can be set with
ICR.

1 1 ICR I, Ul 3-level interrupt mask control is

performed by the | bit. Priority levels
can be set with ICR.

Figure 5.3 shows a block diagram of the priority decision circuit.

| ul
ICR
Interrupt
Interrupt ——_| acceptance control Default priority Vector
source | and 3-level mask 3 determination 3 number
control

Interrupt control modes
0and 1

Figure5.3 Block Diagram of Interrupt Control Operation
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Interrupt Acceptance Control and 3-Level Control: Ininterrupt control modes 0 and 1,
interrupt acceptance control and 3-level mask control is performed by means of the | and Ul bitsin
CCR and ICR (control level).

Table 5.5 shows the interrupts that can be accepted in each interrupt control mode.

Table55 InterruptsAcceptablein Each Interrupt Control Mode

Interrupt Control Mode | Bit Ul Bit NMI, Address Break Peripheral Module Interrupt

0 0 — (0] O (All interrupts)*
1 — o] X
1 0 — (0] O (All interrupts)*
1 0 o] O (Interrupts with ICR = 1)
o] X

[Legend]
— Don't care
Note: * Interrupt control level 1 has priority.

Default Priority Determination: The priority is determined for the selected interrupt, and a
vector number is generated.

If the same valueis set for ICR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.
Table 5.6 shows operations and control signal functionsin each interrupt control mode.

Table5.6 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance Control

Interrupt Setting 3-Level Control Default Priority

Control Mode INTM1 INTMO I ul ICR Determination T (Trace)
0 0 0 o] M — PR o] —

1 1 0] M IM PR 0] —
[Legend]

O: Interrupt operation control performed

IM: Used as an interrupt mask bit

PR: Sets priority

— Not used
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5.6.1 Interrupt Control Mode 0

Ininterrupt control mode O, interrupt requests other than NMI and address break are masked by
ICR and the | bit of the CCR in the CPU. The interrupt requests are held pending when the | bitis
set to 1. Figure 5.4 shows a flowchart of the interrupt acceptance operation.

1.

If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

According to the interrupt control level specified in ICR, the interrupt controller only accepts
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level 0 (no priority). If several interrupt requests are issued, an
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.

If thel bitin CCRis set to 1, only NMI and address break interrupts are accepted by the
interrupt controller, and other interrupt requests are held pending. If the | bit is cleared to O,
any interrupt request is accepted.

When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been compl eted.

The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

Next, thel bit in CCRisset to 1. Thismasks all interrupts except for NMI and address break
interrupts.

The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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Program execution state

Interrupt generated?

o>
G

Y
Yes

No

| Hold pending |

1=0
Yes

A

<'\No

Save PC and CCR

!

l+1

1

Read vector address

!

| Branch to interrupt handling routine |

Figure5.4

Flowchart of Procedure up to Interrupt Acceptancein Interrupt Control Mode O

RENESAS
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5.6.2 Interrupt Control Mode 1

Ininterrupt control mode 1, mask control is applied to three levels for IRQ and on-chip periphera
module interrupt requests by comparing the | and Ul bitsin CCR in the CPU, and the ICR setting.
The interrupt requests are held pending when the | bit is set to 1.

1. Aninterrupt request with interrupt control level 0 is accepted when the | bit in CCR is cleared
to 0. When the | bit is set to 1, the interrupt request is held pending.

2. Aninterrupt request with interrupt control level 1 is accepted when the | bit or Ul bitin CCRis
cleared to 0. When both | and Ul bits are set to 1, the interrupt request is held pending.

For instance, the state transition when the interrupt enable bit corresponding to each interrupt is set
to 1, and ICRA to ICRC are set to H'20, H'00, and H'00, respectively (IRQ2 and IRQ3 interrupts
are set to interrupt control level 1, and other interrupts are set to interrupt control level 0) is shown
below. Figure 5.5 shows a state transition diagram.

1. All interrupt requests are accepted when | = 0. (Priority order: NMI > IRQ2 > IRQ3 > IRQO >
IRQ1 > address break ...)

2. Only NMI, IRQ2, IRQ3, and address break interrupt requests are accepted when | =1 and Ul =
0.

3. Only NMI and address break interrupt requests are accepted when | =1 and Ul = 1.

Only NMI, address break, and
interrupt control level 1 interrupt
requests are accepted

<0
All interrupt requests <1, Ule0
are accepted

Exception handling execution
orl« 1, Ul «1

Exception handling
execution or Ul «1

Only NMI and address break
interrupt requests are accepted

Figure5.5 State Transition in Interrupt Control Mode 1
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Figure 5.6 shows a flowchart of the interrupt acceptance operation.

1

If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

According to the interrupt control level specified in ICR, the interrupt controller only accepts
an interrupt request with interrupt control level 1 (priority), and holds pending an interrupt
request with interrupt control level 0 (no priority). If several interrupt requests are issued, an
interrupt request with the highest priority is accepted according to the priority order, an
interrupt handling is requested to the CPU, and other interrupt requests are held pending.

An interrupt request with interrupt control level 1 isaccepted when the | bit is cleared to O, or
when the | bit is set to 1 while the Ul bitiscleared to 0.

An interrupt request with interrupt control level 0 is accepted when the | bit is cleared to 0.
When the | bit isset to 1, only an NMI or address break interrupt request is accepted, and other
interrupts are held pending.

When both the | and Ul bits are set to 1, only an NMI or address break interrupt request is
accepted, and other interrupts are held pending.

When the | bit is cleared to 0, the Ul bit is not affected.

When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been compl eted.

The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

Thel and Ul bitsin CCR are set to 1. This masks all interrupts except for an NMI or address
break interrupt.

The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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Y

Program excution state

No

Interrupt generated?

| Hold pending I

A

An interrupt with interrupt
control level 12

[  saepcandccr |

1

| 11, Ul <1 |

1

| Read vector address |

| Branch to interrupt handling routine |

Figure5.6 Flowchart of Procedure Up to Interrupt Acceptancein Interrupt
Control Mode 1

5.6.3 Interrupt Exception Handling Sequence

Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0 is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figureb5.7 Interrupt Exception Handling
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5.6.4 Interrupt Response Times

Table 5.7 shows interrupt response times — the interval s between generation of an interrupt request
and execution of thefirst instruction in the interrupt handling routine. The execution status
symbols used in table 5.7 are explained in table 5.8.

Table5.7 Interrupt Response Times

No. Execution Status Advanced Mode
1 Interrupt priority determination*' 3
Number of wait states until executing 1to (19 + 2-S))
instruction ends*?
3 PC, CCR stack save 2-Sk
4 Vector fetch 2.8
5 Instruction fetch*® 2.8
6 Internal processing** 2
Total (using on-chip memory) 1210 32
Notes: 1. Two states in case of internal interrupt.

1
2. Refers to MULXS and DIVXS instructions.

3. Prefetch after interrupt acceptance and prefetch of interrupt handling routine.

4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table5.8 Number of Statesin Interrupt Handling Routine Execution Status

Object of Access

External Device

8-Bit Bus 16-Bit Bus

Internal 2-State  3-State  2-State  3-State

Symbol Memory Access Access Access Access
Instruction fetch S 1 4 6 +2m 2 3+m

Branch address read Su

Stack manipulation Sk

[Legend]
m: Number of wait states in external device access.
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5.7 Usage Notes

571 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupt requests, the disabling becomes
effective after execution of the instruction. When an interrupt enable bit is cleared to 0 by an
instruction such asBCLR or MOV, and if an interrupt is generated during execution of the
instruction, the interrupt concerned will still be enabled on completion of the instruction, so
interrupt exception handling for that interrupt will be executed on completion of the instruction.
However, if there is an interrupt request of higher priority than that interrupt, interrupt exception
handling will be executed for the higher-priority interrupt, and the lower-priority interrupt will be
ignored. The sameruleis also applied when an interrupt source flag is cleared to 0. Figure 5.8
shows an example in which the CMIEA bit in the TMR's TCR register is cleared to O.

The above conflict will not occur if an enable bit or interrupt source flag is cleared to 0 while the
interrupt is masked.

TCR write cycle

. by CPU . CMIA exception handling
¢ — h—
Internal X TCR addr X
address bus / adaress |

Internal ,
write signal I

CMIEA : | :

NN
.

CMIA ;
interrupt signal .

Figure5.8 Conflict between Interrupt Generation and Disabling
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5.7.2 Instructionsthat Disable Interrupts

Theinstructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions are executed, all interruptsincluding NMI are disabled and the next instruction is
always executed. When the | bit or Ul bit is set by one of these instructions, the new value
becomes valid two states after execution of the instruction ends.

573 Interrupts during Execution of EEPMOV Instruction
Interrupt operation differs between the EEPMOV .B instruction and the EEPMOV.W instruction.

With the EEPM OV .B instruction, an interrupt request (including NM1) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction. Therefore, if an interrupt is generated during execution
of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV .W R4,R4
BNE Ll
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Section 6 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC) that manages the external address space divided into
four areas. The bus specifications such as the bus width and number of access states can be set
independently for each area. Therefore multiple memories and external 1/0 devices can be
connected easily to each area.

The bus controller also has abus arbitration function, and controls the operation of the bus
masters—the CPU and DMA controller (DMAC). A block diagram of the bus controller is shown
infigure 6.1.

6.1 Features

e Manages external address space in area units
Manages the external address space divided into four areas of 2/10 Mbytes
Bus specifications can be set independently for each area
DRAM interface can be set
e Basic businterface
Chip select signals (CS0 to CS3) can be output for areas 0 to 3
8-bit access or 16-bit access can be selected for each area
2-state access or 3-state access can be selected for each area
Program wait states can be inserted for each area
CS assertion period extend states can be inserted for each area
o DRAM interface
DRAM interface can be set for area 2
Multiplex output of row/column address (8/9/10/11 hits)
Byte and word control by CAS2 method
Burst operation can be performed in high-speed page mode
Tp cycle insertion to ensure RAS precharge time
CAS before RAS refresh (CBR refresh) or self refresh can be selected
e Idlecycleinsertion
Idle cycles can be inserted when external read cycles between different areas are continued
Idle cycles can be inserted when write cycles are continued after aread cycle
Idle cycles can be inserted when accesses between different areas are continued
e Write buffer function
An external write cycle and internal access can be executed in parallel
DMAC single address mode and internal access can be executed in parallel
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e Busarbitration function

Includes a bus arbiter that arbitrates bus mastership between the CPU and DMAC
e Others

A refresh counter (refresh timer) can be used as an interval timer

Internal address bus < Area decoder > CS3to CSO

Q

External bus controller

A U

Internal bus control signals <

Internal bus controller

CPU bus request signal ———»
DMAC bus request signal ——»
CPU bus acknowledge signal ~«——
DMAC bus acknowledge signal -«———

Internal bus
arbiter

|| A

Control registers
Internal data bus<______ | ACSCR || DRAMCR |
| CSACR [ | DRACCR |
| WTCR | | REFCR |
| BCR [ | RTCNT |
[ RDNCR | [__~rcoR |
[Legend]

ACSCR: Access control register

CSACR: CS assertion period control register
WTCR:  Wait control register

BCR: Bus control register

RDNCR : Read strobe timing control register
DRAMCR : DRAM control register

DRACCR : DRAM access control register
REFCR : Refresh control register

RTCNT :  Refresh timer counter

RTCOR: Refresh time constant register

Figure6.1 Block Diagram of Bus Controller
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6.2 I nput/Output Pins

Table 6.1 shows the pin configuration of the bus controller.

Table6.1 Pin Configuration

Name Symbol I/0 Function

Address strobe AS Output  Strobe signal indicating that normal space
is accessed and address output on
address bus is enabled.

Read RD Output  Strobe signal indicating that normal space
is being read.

High write HWR Output  Strobe signal indicating that normal space
is written to, and upper half (D15 to D8) of
data bus is enabled.

Low write LWR Output  Strobe signal indicating that normal space
is written to, and lower half (D7 to DO) of
data bus is enabled.

Chip select 0 CSo0 Output  Strobe signal indicating that area 0 is
selected.

Chip select 1 S1 Output  Strobe signal indicating that area 1 is
selected

Chip select 2/ CSs2/ Output  Strobe signal indicating that area 2 is

row address strobe RAS selected/DRAM row address strobe signal

Chip select 3 CS3 Output  Strobe signal indicating that area 3 is
selected.

Upper column address strobe  UCAS Output  16-bit DRAM space upper column address
strobe signal or 8-bit DRAM space column
address strobe signal

Lower column address strobe  LCAS Qutput  16-bit DRAM space lower column address
strobe signal

Data transfer acknowledge 3 DACK3  Output  Data transfer acknowledge signal for single

(DMAC) address transfer by DMAC channel 3.

Data transfer acknowledge 2 DACK2 Output  Data transfer acknowledge signal for single

(DMAC) address transfer by DMAC channel 2.

Data transfer acknowledge 1 DACK1 Output  Data transfer acknowledge signal for single

(DMAC) address transfer by DMAC channel 1.

Data transfer acknowledge 0 DACKO Output  Data transfer acknowledge signal for single

(DMAC)

address transfer by DMAC channel 0.
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6.3 Register Descriptions
The bus controller has the following registers.

e Access control register (ACSCR)

e CS assertion period control register (CSACR)
e Wait control register (WTCR)

e Buscontrol register (BCR)

o Read strobe timing control register (RDNCR)
o DRAM control register (DRAMCR)

o DRAM access control register (DRACCR)

o Refresh control register (REFCR)

o Refresh timer counter (RTCNT)

o Refresh time constant register (RTCOR)
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6.3.1 Access Control Register (ACSCR)

ACSCR designates each areain the external address space as either 8-hit access space or 16-bit
access space. ACSCR designates each area in the external address space as either 2-state access
Space or 3-state access space.

ACSCRisinitialized to H'FF at areset or in hardware standby mode but not initialized in software

standby mode.
Initial
Bit Bit Name Value R/W Description
7 ABW3 1 R/W Area 3 to 0 Bus Width Control
6 ABW2 1 R/W These bits select whether the corresponding area is to
5 ABWA 1 R/W be designated as 8-bit access space or 16-bit access
space.
4 ABWO 1 R/W . . .
0: Area n is designated as 16-bit access space
1: Area n is designated as 8-bit access space
3 AST3 1 R/W Area 3 to 0 Access State Control
2 AST2 1 R/W These bits select whether the corresponding area is to
1 AST1 1 R/W be designated as 2_-state access space or 3-state
access space. Wait state insertion is enabled or
0 ASTO 1 R/W

disabled at the same time.
0: Area n is designated as 2-state access space
Wait state insertion in area n access is disabled
1: Area n is designated as 3-state access space
Wait state insertion in area n access is enabled
(n=31t00)
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6.32  CS Assertion Period Control Register (CSACR)

CSACR selects whether or not the assertion period of the basic bus interface chip select signals
(CSn) and address signals is to be extended. Extending the assertion period of the CSn and address
signals allows flexible interfacing to external 1/0 devices.

Initial
Bit Bit Name Value R/W Description
7 CSXH3 0 R/W  CS and Address Signal Assertion Period Control 1
6 CSXH2 0 R/W These bits specify whether or not the T, cycle is to be
5 CSXH1 0 R/W  inserted (see figure 6.2). When an area for which the
CSXHn bit is set to 1 is accessed, a one-state T, cycle,
4 CSXHo 0 R/W in which only the CSn and address signals are
asserted, is inserted before the normal access cycle.
0: In area n basic bus interface access, the CSn and
address assertion period (T,) is not extended
1: In area n basic bus interface access, the CSn and
address assertion period (T,) is extended
3 CSXT3 0 R/W  CS and Address Signal Assertion Period Control 2
2 CSXT2 0 R/W These bits specify whether or not the T, cycle is to be
1 CSXT1 0 R/W inserted (see figure 6.2). When an area for which the
0 CSXTO 0 RW CSXTn bit is set to 1 is accessed, a one-state T, cycle,

in which only the CSn and address signals are
asserted, is inserted before the normal access cycle.

0: In area n basic bus interface access, the CSn and
address assertion period (T,) is not extended

1: In area n basic bus interface access, the CSn and
address assertion period (T)) is extended

(n=3100)
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6.3.3 Wait Control Register (WTCR)

WTCR selects the number of program wait states for each area in the external address space.

Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This bit is always read as 0 and cannot be modified.
14 W32 1 R/W Area 3 Wait Control 210 0
13 W31 1 R/W These bits select the number of program wait states
12 W30 1 R/W when accessing area 3 while AST3 bit in ACSCR = 1.
000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
11 — 0 R Reserved
This bit is always read as 0 and cannot be modified.
10 w22 1 R/W Area 2 Wait Control 210 0
w21 1 R/W These bits select the number of program wait states
W20 1 R/W when accessing area 2 while AST2 bit in ACSCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted

111: 7 program wait states inserted

7 — 0 R Reserved
This bit is always read as 0 and cannot be modified.
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Initial

Bit Bit Name Value R/W Description
W12 1 R/W Area 1 Wait Control 210 0
W11 1 R/W These bits select the number of program wait states
W10 1 R/W when accessing area 1 while AST1 bit in ACSCR = 1.
000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
3 — 0 R Reserved
This bit is always read as 0 and cannot be modified.
2 Wo2 1 R/W Area 0 Wait Control 210 0
Wo1 1 R/W These bits select the number of program wait states
0 W00 1 R/W when accessing area 0 while ASTO bit in ACSCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
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6.34 Bus Control Register (BCR)

BCRisused for idle cycle settings and enabling or disabling of the write data buffer function.

Bit Bit Name

Initial
Value

R/W

Description

15t09 —

AllO

R/W

Reserved
These bits can be read from or written to. However, the
write value should always be 0.

8 WDBE

R/W

Write Data Buffer Enable

The write data buffer function can be used for an
external write cycle or DMAC single address transfer
cycle.

0: Write data buffer function not used
1: Write data buffer function used

7to4 —

AllO

R/W

Reserved
These bits can be read from or written to. However, the
write value should always be 0.

IDLE1
IDLEO

R/W
R/W

Idle Cycle Enable
These bits enable the idle cycle insertion.

00: Idle cycle insertion is disabled.

01: When read accesses to different areas are
continued or external accesses are continued after
a single address transfer, idle cycle insertion is
enabled.

10: When read accesses to different areas are
continued, external accesses are continued after a
single address transfer, or write accesses are
continued after a read, idle cycle insertion is
enabled.

11: When read accesses to different areas are
continued, external accesses are continued after a
single address transfer, write accesses are
continued after a read, or read accesses are
continued after a write, idle cycle insertion is
enabled.

1 IDLC1
0 IDLCO

0
0

R/W
R/W

Idle Cycle State Number Select
These bits specify the number of idle cycle states to be
inserted.

00: 1 state

01: 2 states
10: 3 states
11: 4 states
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6.3.5 Read Strobe Timing Control Register (RDNCR)

RDNCR selects the read strobe signal (RD) negation timing in aread access to normal space.

Initial

Bit Bit Name Value R/W Description

7 RDN3 0 R/W Read Strobe Timing Control 3 to 0

6 RDN2 0 R/W These bits set the negation timing of the read strobe in

5 RDN1 0 R/W a corresponding area read access.

4 RDNO 0 R/W As shown in figure 6.3, the read strobe for an area for
which the RDNn bit is set to 1 is negated one half-state
earlier than that for an area for which the RDNn bit is
cleared to 0. The read data setup and hold time
specifications are also one half-state earlier.

0: In an area n read access, the RD is negated at the
end of the read cycle
1: In an area n read access, the RD is negated one
half-state before the end of the read cycle
(n=31t00)
3to0 — AllO R/W Reserved
These bits can be read from or written to. However, the
write value should always be 0.
. ) Bus cycle .
T4 To T3 I
A | —
O | |
RDNn =0 1 : | : :
| Data {  F
o e | i
RDNn =1 1 E ! ! :
o — - —{
Legend
n=3t0

Figure6.3 Read Strobe Negation Timing (Example of 3-State Access Space)
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6.3.6

DRAM Control Register (DRAMCR)

DRAMCR is used to make DRAM interface settings.

Bit

Bit Name

Initial
Value

R/W

Description

15

0

R/W

Reserved

This bit can be read from or written to. However, the
write value should always be 0.

14

RAST

R/W

RAS Assertion Timing Select

Selects whether, in DRAM access, the RAS signal is
asserted from the start of the T, cycle (rising edge of ¢)
or from the falling edge of ¢.

Figure 6.4 shows the relationship between the RAST bit
setting and the RAS assertion timing.

0: RAS is asserted from ¢ falling edge in T, cycle

1: RAS is asserted from start of T, cycle

13

R/W

Reserved

This bit can be read from or written to. However, the
write value should always be 0.

12

CAST

R/W

Column Address Output Cycle Number Select

Selects whether the column address output cycle in
DRAM access comprises 3 states or 2 states.

0: Column address output cycle comprises 2 states

1: Column address output cycle comprises 3 states

11t09

AllO

R/W

Reserved

These bits can be read from or written to. However, the
write value should always be 0.

DSET

R/W

DRAM Space Setting
Specifies area 2 as DRAM space.
0: Area 2 is specified as normal space

1: Area 2 is specifies as DRAM space

BE

R/W

Burst Access Enable

Selects enabling or disabling of burst access to areas
designated as DRAM space. DRAM space burst access
is performed in fast page mode. When using EDO page
mode DRAM, the RD signal must be connected as the
OE signal.

0: Full access
1: Access in fast page mode
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Bit

Bit Name

Initial
Value

R/W

Description

6

RCDM

0

R/W

RAS Down Mode

When access to DRAM space is interrupted by an
access to normal space, an access to an internal I/O
register, etc., this bit selects whether the RAS signal is
held low while waiting for the next DRAM access (RAS
down mode), or is driven high again (RAS up mode).
The setting of this bit is valid only when the BE bit is set
to 1.

If this bit is cleared to 0 when set to 1 in the RAS down
state, the RAS down state is cleared at that point, and
RAS goes high.

When using DRAM interface in RAS down mode and
RAS down state is not continued, a 1-state idle cycle is
inserted to drive RAS signal high.

0: RAS up mode selected for DRAM space access
1: RAS down mode selected for DRAM space access

DDS

R/W

DMAC Single Address Transfer Option

Selects whether full access is always performed or
burst access is enabled when DMAC single address
transfer is performed on the DRAM interface.

When the BE bit is cleared to 0 in DRAMCR, disabling
DRAM burst access, DMAC single address transfer is
performed in full access mode regardless of the setting
of this bit.

This bit has no effect on other bus master external
accesses or DMAC dual address transfers. If this bit is
set to 1, the DACK output timing is changed.

0: Full access is always executed
1: Burst access is enabled

4,3

AllO

R/W

Reserved

These bits can be read from or written to. However, the
write value should always be 0.
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Initial
Bit Bit Name Value R/W

Description

2 MXC2 0 R/W
MXC1 0 R/W
0 MXCO 0 R/W

Address Multiplex Select

These bits select the size of the shift toward the lower
half of the row address in row address/column address
multiplexing. In burst operation on the DRAM interface,
these bits also select the row address bits to be used
for comparison.

000: 8-bit shift
e When 8-bit access space is designated:

Row address bits A23 to A8 used for comparison
¢ When 16-bit access space is designated:

Row address bits A23 to A9 used for comparison
001: 9-bit shift
o When 8-bit access space is designated:

Row address bits A23 to A9 used for comparison
e When 16-bit access space is designated:

Row address bits A23 to A10 used for comparison
010: 10-bit shift
e When 8-bit access space is designated:

Row address bits A23 to A10 used for comparison
e When 16-bit access space is designated:

Row address bits A23 to A11 used for comparison
011: 11-bit shift
e When 8-bit access space is designated:

Row address bits A23 to A11 used for comparison

When 16-bit access space is designated:

Row address bits A23 to A12 used for comparison
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Figure6.4 RAS Signal Assertion Timing
(2-State Column Address Output Cycle, Full Access)

DRAM Access Control Register (DRACCR)

DRACCR isused to set the DRAM interface bus specifications.

Bit

Initial
Bit Name Value

R/W

Description

7,6

— AllO

R/W

Reserved

These bits can be read from or written to. However, the
write value should always be 0.

TPC1
TPCO

R/W
R/W

Precharge State Control

These bits select the number of states in the RAS
precharge cycle in normal access and refreshing.

00: 1 state

01: 2 states
10: 3 states
11: 4 states

3,2

— AllO

R/W

Reserved

These bits can be read from or written to. However, the
write value should always be 0.

RENESAS
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Bit

Bit Name

Initial
Value

R/W

Description

1
0

RCD1
RCDO

0
0

R/W
R/W

RAS-CAS Wait Control

These bits select a wait cycle to be inserted between
the RAS assert cycle and CAS assert cycle.

00: Wait cycle not inserted

01: 1-state wait cycle inserted
10: 2-state wait cycle inserted
11: 3-state wait cycle inserted

6.3.8

Refresh Control Register (REFCR)

REFCR specifies DRAM interface refresh control.

Bit

Bit Name

Initial
Value

R/W

Description

15

CMF

0

R/(W)*

Compare Match Flag

Status flag that indicates a match between the values of
RTCNT and RTCOR.

[Clearing conditions]

e When 0 is written to CMF after reading CMF = 1
while the RFSHE bit is cleared to 0

e When CBR refreshing is executed while the RFSHE
bit is set to 1

[Setting condition]

When RTCOR = RTCNT

14

CMIE

0

R/W

Compare Match Interrupt Enable

Enables or disables interrupt requests (CMI) by the
CMF flag when the CMF flag is set to 1.

This bit is valid when refresh control is not performed
(RFSHE = 0). When the refresh control is performed
(RFSHE = 1), this bit is always cleared to 0 and cannot
be modified.

0: Interrupt request by CMF flag disabled

1: Interrupt request by CMF flag enabled
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Bit

Initial

Bit Name Value

R/W

Description

13
12

RCW1 0
RCWO 0

R/W
R/W

CAS-RAS Wait Control

These bits select the number of wait cycles to be
inserted between the CAS assert cycle and RAS assert
cycle in a DRAM refresh cycle.

00: Wait state not inserted
01: 1 wait state inserted
10: 2 wait states inserted

11: 3 wait states inserted

11

R/W

Reserved

This bit can be read from or written to. However, the
write value should always be 0.

RTCK2
RTCK1
RTCKO

R/W
R/W
R/W

Refresh Counter Clock Select

These bits select the clock to be used to increment the
refresh counter. When the input clock is selected with
bits RTCK2 to RTCKO, the refresh counter begins
counting up.

000: Count operation halted
001: Count on ¢/2

010: Count on ¢/8

011: Count on ¢/32

100: Count on ¢/128

101: Count on ¢/512

110: Count on ¢/2048

111: Count on ¢/4096

7

RFSHE 0

R/W

Refresh Control

Refresh control can be performed. When refresh control
is not performed, the refresh timer can be used as an
interval timer.

0: Refresh control is not performed

1: Refresh control is performed

R/W

Reserved

This bit can be read from or written to. However, the
write value should always be 0.
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Initial

Bit Bit Name Value R/W Description

5 RLWA1 0 R/W Refresh Cycle Wait Control

4 RLWO 0 R/W These bits select the number of wait states to be
inserted in a DRAM interface CAS-before-RAS refresh
cycle.
00: No wait state inserted
01: 1 wait state inserted
10: 2 wait states inserted
11: 3 wait states inserted

3 SLFRF 0 R/W Self-Refresh Enable
If this bit is set to 1, DRAM self-refresh mode is
selected when a transition is made to the software
standby state. This bit is valid when the RFSHE bit is
set to 1, enabling refresh operations.
0: Self-refreshing is disabled
1: Self-refreshing is enabled

2 TPCS2 R/W Self-Refresh Precharge Cycle Control

TPCS1 R/W These bits select the number of states in the precharge
0 TPCSO R/W cycle immediately after self-refreshing.

The number of states in the precharge cycle
immediately after self-refreshing are added to the
number of states set by bits TPC1 and TPCO in
DRACCR.

000: [TPC set value] states

001: [TPC set value + 1] states
010: [TPC set value + 2] states
011: [TPC set value + 3] states
100: [TPC set value + 4] states
101: [TPC set value + 5] states
110: [TPC set value + 6] states
111: [TPC set value + 7] states

Note: Only 0 can be written, to clear the flag.
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6.3.9 Refresh Timer Counter (RTCNT)

RTCNT is an 8-hit readable/writable up-counter. RTCNT counts up using the internal clock
selected by bits RTCK2 to RTCKO in REFCR.

When RTCNT matches RTCOR (compare match), the CMF flag in REFCR is set to 1 and
RTCNT iscleared to H'00. If the RFSHE bit in REFCR is set to 1 at thistime, arefresh cycleis
started. If the RFSHE hit is cleared to 0 and the CMIE bit in REFCR is set to 1, a compare match
interrupt (CMI) is generated.

RTCNT isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

6.3.10 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-hit readable/writable register that sets the period for compare match operations
with RTCNT.

The values of RTCOR and RTCNT are constantly compared, and if they match, the CMF flag in
REFCR issetto 1 and RTCNT iscleared to H'00.

RTCOR isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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6.4 Bus Control

6.4.1 AreaDivision

The bus controller divides the 16-Mbyte address space into areas shown in figure 6.5, and
performs bus control for external address space in area units. Chip select signals (CS0 to CS3) can
be output for each area.

H'000000
Area 0
(2 Mbytes)
H'200000
Area 1
(2 Mbytes)
H'400000
Area 2
(10 Mbytes)
H'E00000
Area 3
(2 Mbytes)
H'FFFFFF

Figure6.5 AreaDivisions
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6.4.2 AddressMap

Figure 6.6 shows the address format.

A31to A24 | A23to A21 A20

A19to AO

— Don't care

L Output address
Signals are output from
address pins.

Reserved
Does not output a signal.
CS space
Decoded and output CS0 to CS3 signals.
A23 | A22 | A21 |Output CS
0 0 0 CS0
0 0 1 CS1
0 1 0 CSs2
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1 CS3

Do not affect the operation.

Figure6.6 AddressFormat
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Bits A31 to A24 do not affect the operation.

Bits A23 to A21 are decoded by the chip select signals (CS3 to CS0) for each area and output.
Bit A20 is not output externally.

Bits A19 to A0 are output externally.

Enabling or disabling external output of bits A19 to A0 can be selected by the setting of PFCR1.
For details, refer to section 8.11.1, Port Function Control Register 1 (PFCR1).

Table 6.2 and figure 6.7 show the address map.

Table6.2 AddressMap

Bus
Address Space Type Memory Type Size Width
H'000000 to CSO0 space/ External space/ 2 Mbytes 8/16
H'1FFFFF on-chip ROM space on-chip ROM
H'200000 to CS1 space External space 2 Mbytes 8/16
H'3FFFFF
H'400000 to CS2 space/ External space/ 10 Mbytes  8/16
H'DFFFFF DRAM space DRAM
H'E00000 to CS3 space/ External space/ 2 Mbytes 8/16
H'FFFFFF on-chip RAM space*/ on-chip RAM*/I/O space

I/O space

Note: * On-chip RAM space when the RAME bit in SYSCRis 1.
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H000000 = T
H'040000 n-chip

Area 0
H'200000

Area 1
H'400000

Area 2
H'E00000
H'FF7000 S AT

Nn-cni

H'FFF000 P Area 3
H'FFFC00
HFFFFFF )

Figure6.7 AddressMap

6.4.3 Bus Specifications

The external address space bus specifications consist of five elements: bus width, number of
access states, number of program wait states, read strobe timing, and chip select (CS) assertion
period extension states. The bus width and number of access states for on-chip memory and
internal 1/0 registers are fixed, and are not affected by the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with ACSCR. An area for which an 8-bit
bus s selected functions as an 8-bit access space, and an area for which a 16-bit busis selected
functions as a 16-hit access space.
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Number of Access States: Two or three access states can be selected with ACSCR. An areafor
which 2-state access is selected functions as a 2-state access space, and an area for which 3-state
access is selected functions as a 3-state access space. With the DRAM interface, the number of
access states may be determined without regard to the setting of ACSCR.

When 2-state access space is designated, wait insertion is disabled. When 3-state access spaceis
designated, it is possible to insert program waits by means of WTCR.

Number of Program Wait States: When 3-state access space is designated by ACSCR, the
number of program wait states to be inserted automatically is selected with WTCR. From 0 to 7
program wait states can be selected. Table 6.3 shows the bus specifications (bus width, and
number of access states and program wait states) for each basic bus interface area.

Table6.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

ACSCR WTCR Bus Specifications (Basic Bus Interface)
Access Program Wait

ABWn ASTn Wwn2 Wnl WnO Bus Width States States
0 0 — — — 16 2 0
1 0 0 0 3 0
1 1
1 0 2
1 3
1 0 0 4
1 5
1 0 6
1 7
1 0 — — — 8 0
1 0 0 0 0
1 1
1 0 2
1 3
1 0 0 4
1 5
1 0 6
1 7

Legend n=31t00
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Read Strobe Timing: RDNCR can be used to select either of two negation timings (at the end of
the read cycle or one half-state before the end of the read cycle) for the read strobe (RD) used in
the basic bus interface space.

Chip Select (CS) Assertion Period Extension States: Some external 1/0 devices require a setup
time and hold time between address and CS signals and strobe signals such asRD, HWR, and
LWR. CSACR can be used to insert states in which only the CS, AS, and address signals are
asserted before and after a basic bus space access cycle.

6.4.4 Memory Interfaces

The memory interfacesin this LS| comprise a basic bus interface that allows direct connection of
ROM, SRAM, and so on; and a DRAM interface that allows direct connection of DRAM. The
interface can be selected independently for each area.

An areafor which the basic bus interface is designated functions as normal space and an areafor
which the DRAM interface is designated functions as DRAM space

Theinitia state of each areais basic bus interface, 3-state access space. Theinitial buswidthis 8
bits.

Area 0: Area 0 includes on-chip ROM and the space excluding on-chip ROM is external address
space by setting the EXPE bitin MDCR to 1.

When area 0 external space is accessed, the CS0 signal can be output.

Only basic bus interface can be used for area 0.

Area 1. All of areal is external address space by setting the EXPE bitin MDCR to 1.
When area 1 external address space is accessed, the CS1 signal can be output.

Only basic bus interface can be used for area 1.

Area 2: All of area 2 is external address space by setting the EXPE bitin MDCR to 1.
When area 2 external space is accessed, signal CS2 can be output.

Basic businterface or DRAM interface can be selected for area 2. With the DRAM interface, the
CS2 signal is used asthe RAS signal.

If area 2 is designated as DRAM space, large-capacity (e.g. 64-Mbit) DRAM can be connected. In
this case, the CS2 signal is used asthe RAS signal for DRAM space.
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Area 3. Area 3 includes the on-chip RAM and internal |1/O registers. The space excluding the on-
chip RAM and internal |/O registersis external address space by setting the EXPE bitin MDCR to
1. The on-chip RAM is enabled when the RAME bit is set to 1 in the system control register

(SY SCR); when the RAME hit is cleared to O, the on-chip RAM is disabled and the corresponding
addresses are in external address space.

When area 3 external address space is accessed, the CS3 signal can be outpt.

Only the basic bus interface can be used for the area 3 memory interface.

6.4.5 Chip Select Signals

ThisLSI can output chip select signals (CS3 to CS0) for areas 3 to 0. The signal outputs low when
the corresponding external space area is accessed. Figure 6.8 shows an example of CS3 to CSO
signals output timing.

The CSO pin is placed in the output state by setting the EXPE bit in MDCR to 1. Pins CS3 to CS1
are placed in the input state after areset and so the corresponding CS output should be enabled by
setting the PFCR1 register when outputting signals CS3 to CS1.

For details, refer to section 8.11.1, Port Function Control Register 1 (PFCR1).

When area 2 is designated as DRAM space, output CS2 is used asthe RAS signal.

Bus cycle
LT, T, T,
6 N
Address bus x Area n external address x
= —_ —_

Figure6.8 CSn Signal Output Timing (n = 3t00)
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6.5 Basic BusInterface

The basic bus interface enables direct connection of ROM, SRAM, and so on.

6.5.1 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 address space, controls
whether the upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

8-Bit Access Space: Figure 6.9 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D15 to D8) is always used for accesses. The amount of
data that can be accessed at onetime is one byte: aword accessis performed as two byte accesses,
and alongword access, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte size L1

Word sl [ tstbuscycle [ [ [ [ . ||
ord size ondbuscydle [T |

[ istbuscycle |, . |
Longword | 2ndbuscycle |, ., |
size 3rd bus cycle I |

| 4th bus cycle NN |

Figure6.9 Access Sizesand Data Alignment Control (8-Bit Access Space)

16-Bit Access Space: Figure 6.10 illustrates data alignment control for the 16-bit access space.

With the 16-bit access space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are
used for accesses. The amount of data that can be accessed at one time is one byte or one word,

and alongword access is executed as two word accesses.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd
address.
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Upper data bus Lower data bus

D15 D8I D7 DO

Byte size  * Even address N
Byte size  * Odd address N

Word size e . o1
Longword 1st bus cycle N
size endbuscycle [ . [ . . 0 |

Figure6.10 Access Sizesand Data Alignment Control (16-bit Access Space)

6.5.2 Valid Strobes
Table 6.4 shows the data buses used and valid strobes for the access spaces.

Inaread, 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.

Table6.4 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower Data
Area Size Write Address  Strobe (D15 to D8) Bus (D7 to DO)
8-bit access Byte Read — RD Valid Invalid
space Write ~ — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-z
Odd LWR Hi-Z Valid
Word Read — RD Valid Valid
Write — — HWR, LWR  Valid Valid

Note: Hi-Z:  High-impedance state
Invalid: Input state; input value is ignored.

6.5.3 Basic Timing

8-Bit, 2-State Access Space: Figure 6.11 shows the bus timing for an 8-bit, 2-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data busiis used.
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When all areas are designated as 8-hit space, the LWR pin can be used as the I/O port. However,
when all areas are designated as 16-bit space, the LWR pinis aways fixed high. Wait states
cannot be inserted.

@« Buscycle —— =

T4 : T2

Read { D15toD8 : : Valid !

Q I} 1

D7 to DO : : Invalid |

LWR ! High

D15 to D8 —-—( ! Valid

' i High impedance !
D7 to DO , :

Write <

|-

DACK : :

Notes: 1. n=31t00
2. When RDNn =0

Figure6.11 BusTimingfor 8-Bit, 2-State Access Space
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8-Bit, 3-State Access Space: Figure 6.12 shows the bus timing for an 8-bit, 3-state access space.
When an 8-hit access space is accessed, the upper haf (D15 to D8) of the data busis used.

When all areas are designated as 8-hit space, the LWR pin can be used as the /O port. However,
when al areas are designated as 16-bit space, the LWR pinis aways fixed high. Wait states can
be inserted.

Bus cycle

: T,

Address bus

Read { D151to D8 Valid |

D7 to DO Invalid :

Tlgﬂ Il Ems Ij

1 High

Write <

D15 to D8 Valid

E High impedance
D7 to DO 9 P

DACK

] lH;ui

Notes: 1. n=31t00
2. When RDNn =0

Figure6.12 BusTimingfor 8-Bit, 3-State Access Space
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16-Bit, 2-State Access Space: Figures 6.13 to 6.15 show bus timings for a 16-bit, 2-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data busis used
for even addresses, and the lower half (D7 to DO) for odd addresses. Wait states cannot be

inserted.

Read A

Write  +

Notes: 1. n=31t00

Address bus

D15 to D8

D7 to DO

AWR

D15 to D8

D7 to DO

DACK

2. When RDNn =0

T

t«a—— Buscycle — =,

T>

iX

Valid

High impedance |

Figure6.13 BusTimingfor 16-Bit, 2-State Access Space (Even Address Byte Access)
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Figure6.14 BusTimingfor 16-Bit, 2-State Access Space (Odd Address Byte Access)
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Figure6.15 BusTimingfor 16-Bit, 2-State Access Space (Word Access)
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16-Bit, 3-State Access Space: Figures 6.16 to 6.18 show bus timings for a 16-bit, 3-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address. Wait states can be
inserted.

: Bus cycle ]
T1 B T2 B T

Address bus | ; : :x

Read § D15to D8

{ Valid }—

L D7 to DO

é : { Invalid }—

I
ny]

: High :

Write <

High impedance
D7 to DO .

DACK

D15 to D8 —:—( - Valid ! 9_

Notes: 1. n=3t00
2. When RDNn =0

Figure6.16 BusTimingfor 16-Bit, 3-State Access Space (Even Address Byte Access)
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Figure6.17 BusTimingfor 16-Bit, 3-State Access Space (Odd Address Byte Access)
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Figure6.18 BusTimingfor 16-Bit, 3-State Access Space (Word Access)
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6.5.4 Wait Control

When accessing external space, this LS| can extend the bus cycle by inserting one or more wait
states (T,).

From 0 to 7 wait states can be inserted automatically between the T, state and T, state on an
individual areabasisin 3-state access space, according to the setting of WTCR.

Figure 6.19 shows an example of wait state insertion timing.

The settings after areset are: 3-state access and insertion of 7 program wait states.

LTy 0 To 0 Tw i Tw i Tw ¢ Tz
Address bus :X 3 E E E 3 X:
s | oo [

AS | : E E i |

ST
RD | 1 i : | | l_

Read i i : ! E 3 |
Data bus : : E E E < Read data >—

HWR, LWR | : E 5 3 |

Write i i E E E i i
Data bus H Write data )—

Notes: 1.n=3t0 0
2. When RDNn =0

Figure6.19 Example of Wait State Insertion Timing
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655  Read Strobe (RD) Timing

The read strobe (RD) timing can be changed for individual areas by setting bits RDN3 to RDNO to
1in RDNCR.

When the DMAC is used in single address mode, note that if the RD timing is changed by setting
RDNn to 1, the RD timing will change relative to the rise of DACK.

Figure 6.20 shows an example of the timing when the read strobe timing is changed in basic bus 3-
state access space.

Bus cycle

T4 i Ty

Address bus X x

csn 5 E

3
O

RDNn =0 A

Data bus ; { - }—

RDNn =1 4 : ; : |

Data bus <:>—-—

DACK i |

Note: n=3100

Figure6.20 Example of Read Strobe Timing
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6.5.6  Extension of Chip Select (CS) Assertion Period

Some external /0 devices require a setup time and hold time between address and CS signals and
strobe signals such as RD, HWR, and LWR. Settings can be made in the CSACR register to insert
states in which only the CS, AS, and address signal's are asserted before and after a basic bus space
access cycle. Extension of the CS assertion period can be set for individual areas. With the CS
assertion extension period in write access, the data setup and hold times are less stringent since the
write datais output to the data bus.

Figure 6.21 shows an example of the timing when the CS assertion period is extended in basic bus
3-state access space.

Bus cycle

T, L Ty T

—
>
e

1T 1T

0 N

Address bus -“

|

CSn

E

Read RD i E E
(uen | s | s
RDNn = 0) ! ] ! i
Data bus T T — Read data T
HWR, LWR | ; | L i |
Write : ! ! i : ]
R i Y S N
DACK i | 1 i 1 i |
Note: n=3t0 0

Figure6.21 Example of Timing when Chip Select Assertion Period is Extended

Both extension state T, inserted before the basic bus cycle and extension state T, inserted after the
basic bus cycle, or only one of these, can be specified for individual areas. Insertion or non-
insertion can be specified for the T, state with the upper 4 bits (CSXH3 to CSXHO) in the CSACR
register, and for the T, state with the lower 4 bits (CSXT3 to CSXTO).
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6.6 DRAM Interface

Inthis LSI, external space area 2 can be designated as DRAM space, and DRAM interfacing
performed. The DRAM interface allows DRAM to be directly connected to thisLSl. A DRAM
space of 10 Mbytes can be set by means of bit DSET in DRAMCR. Burst operation isaso
possible, using fast page mode.

6.6.1 Setting DRAM Space
Area 2 isdesignated as DRAM space by setting bit DSET in DRAMCR to 1.

In DRAM space, the RAS signal isvalid. The bus specifications for DRAM space such as the bus
width, number of wait states, and so on are determined according to the settings for area 2.

6.6.2 Address Multiplexing

With DRAM space, the row address and column address are multiplexed. In address multiplexing,
the size of the shift of the row addressis selected with bits MXC2 to MXCO in DRAMCR. Table
6.5 shows the relation between the settings of bits MXC2 to MXCO0 and the shift size.

Table6.5 Relation between Settings of Bits M XC2 to MXCO and Address Multiplexing

DRAMCR Address Pins

Al9to
MXC2 MXC1 MXCO Shift Size A16 Al15 Al4 A13 Al2 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Row 0 0 0 8 bits A19 to A23 A22 A21 A20 A19 A18 A17A16A15A14A13A12A11A10A9 A8
address A16

1 9 bits A19to A15 A23 A22 A21 A20 A19 A18A17A16A15A14A13A12A11A10A9
A16
1 0 10 bits A19to A15 A14 A23 A22 A21 A20 A19A18A17A16A15A14A13A12A11A10
A16
1 11 bits A19to A15 A14 A13 A23 A22 A21 A20A19A18A17A16 A15A14A13A12A11
A16
1 — — Reserved — _ = = = = = = = — — — — — — — —
(setting
prohibited)
Column — — — — A19to A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
address A16
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6.6.3 Data Bus

If the ABW2 bitin ACSCR is set to 1, that areais designated as 8-bit DRAM space; if the bit is
cleared to O, the areais designated as 16-bit DRAM space. In 16-bit DRAM space, x16-hit
configuration DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D15 to D8, is enabled, while in 16-bit DRAM
space both the upper and lower halves of the data bus, D15 to DO, are enabled.

Access sizes and data alignment are the same as for the basic bus interface: see section 6.5.1, Data
Size and Data Alignment.

6.6.4 PinsUsed for DRAM Interface

Table 6.6 shows the pins used for DRAM interfacing and their functions. Although the CS2 pin is
in the input state after areset, the RAS signal is output after the DSET bit in DRAMCR is set and
DRAM spaceis designated.

For details, refer to section 8, 1/0 Ports.

Table6.6 DRAM InterfacePins

With DRAM
Pin Setting Name 110 Function
HWR WE Write enable Output  Write enable for DRAM space
access
CSs2 RAS Row address strobe Output  Row address strobe when area
2 is designated as DRAM space
UCAS UCAS Upper column address  Output  Upper column address strobe
strobe for 16-bit DRAM space access
or column address strobe for 8-
bit DRAM space access
LCAS LCAS Lower column address  Output  Lower column address strobe
strobe signal for 16-bit DRAM space
access
RD OE Output enable Output  Output enable signal for DRAM
space access
A15t0 AO A15to AO Address pins Output  Row address/column address
multiplexed output
D15to DO D15to DO Data pins 1/0 Data input/output pins
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6.6.5 Basic Timing
Figure 6.22 shows the basic access timing for DRAM space.

The four states of the basic timing consist of one T, (precharge cycle) state, one T, (row address
output cycle) state, and two T, and T, (column address output cycle) states.

T T 4 T G Te ]
¢ N I I I
Address bus :x Row alddress X CqumI1 address X
RAS (CS2) ! o !
UCAS,LCAS | i i
( WE (HWR) ; I High 1 | |
Read { OE (RD) | ! !
Data bus : : : : { Do
WE (FWR) | | T
Write 4 OE (RD) ! " High | ! !
| Data bus ; ; ; ( i 9—

Figure6.22 DRAM Basic Access Timing (RAST =0, CAST =0)

When DRAM space is accessed, the RD signal is output as the OE signal for DRAM. When
connecting DRAM provided with an EDO page mode, the OE signal should be connected to the
(OE) pin of the DRAM.
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6.6.6 Column Address Output Cycle Control

The column address output cycle can be changed from 2 states to 3 states by setting the CAST bit
to 1in DRAMCR. Use the setting that gives the optimum specification values (CAS pulse width,
etc.) according to the DRAM connected and the operating frequency of this LS. Figure 6.23
shows an example of the timing when a 3-state column address output cycle is selected.

T,

Row aiddress K

T<:2

o

Address bus Column addr(:ess

RAS (CS2)

UCAS, LCAS

WE (HWR) High

(RD

R
m

Read

-~

Write 1 OE (RD) High

——

Figure6.23 Example of Access Timing with 3-State Column Address Output Cycle
(RAST =0)
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6.6.7 Row Address Output State Control

If the RAST bit isset to 1 in DRAMCR, the RAS signal goes low from the beginning of the T,
state, and the row address hold time and DRAM read access time are changed relative to the fall of
the RAS signal. Use the optimum setting according to the DRAM connected and the operating
frequency of this LSI. Figure 6.24 shows an example of the timing when the RAS signal goes low
from the beginning of the T, state.

T

_| I I I I
Address bus :>( Row a;ddress

Tc1 Tcz

Column address

!

RAS (CS2) ] | 5

UCAS, [CAS | 5

WE (FWR) | i | High |
Read OE (RD) E i E

Data bus : : : : { | }—

WE (HWR) i i i |__,_—
Write 9 OE (RD) : : | High | :

Data bus ; ; : { | —

Figure6.24 Example of Access Timing when RAS Signal Goes L ow from Beginning
of T, State (CAST =0)

If arow address hold time or read access time is necessary, making a setting in bits RCD1 and
RCDO in DRACCR alowsfrom oneto three T, states, in which row address output is maintained,
to be inserted between the T, cycle, in which the RAS signal goes low, and the T_, cycle, in which
the column address is output. Use the setting that gives the optimum row address signal hold time
relative to the falling edge of the RAS signal according to the DRAM connected and the operating
frequency of this LSI. Figure 6.25 shows an example of the timing when one T, state is set.
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Figure6.25 Example of Timing with One Row Address Output Hold State
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6.6.8 Prechar ge State Control

When DRAM is accessed, aRAS precharge time must be secured. With this LS|, one T, stateis
awaysinserted when DRAM space is accessed. From one to four T states can be selected by
setting bits TPC1 and TPCO in DRACCR. Set the optimum number of T  cycles according to the
DRAM connected and the operating frequency of this LS. Figure 6.26 shows the timing when
two T, states are inserted. The setting of bits TPC1 and TPCO isalso valid for T, statesin refresh
cycles.

Tp2 Tc1 TcZ

pl

Columr'1 address X

Row addressi

Address bus

RAS (CS2)

UCAS, LCAS

( WE (HWR) High

Read { OE (RD)

Write 9 OE (RD) High

—

B e B e B Rnt] EERTEEE EEEE e e

Figure6.26 Example of Timing with Two-State Precharge Cycle (RAST =0, CAST =0)
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6.6.9 Wait Control
When inserting wait statesin a DRAM access cycle, program wait insertion is specified.

Wait states are inserted to extend the CAS assertion period in aread accessto DRAM space, and
to extend the write data setup time relative to the falling edge of CAS in awrite access.

When the AST2 bit in ACSCRis set to 1, from 0 to 7 wait states can be inserted automatically
between the T state and T, state, according to the settings of WTCR.

Figures 6.27 and 6.28 show examples of wait cycle insertion timing in the case of 2-state and 3-
state column address output cycles.

To

Address bus } Row éddress M Columﬁ address

Ll

1 T
| |
—_—

RAS

UCAS, LCAS

HWR

—
=

Read ngh

?l

3
S

Data bus

UCAS, LCAS

HWR

a
m

Write

OE (RD) High

—

Data bus

Figure6.27 Example of Wait State I nsertion Timing (2-State Column Address Output)
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Figure6.28 Example of Wait State I nsertion Timing (3-State Column Address Output)
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6.6.10 Byte AccessControl

When DRAM with a x16-bit configuration is connected, the 2-CAS access method is used for the
control signals needed for byte access. Figure 6.29 shows the control timing for 2-CAS access, and
figure 6.30 shows an example of 2-CAS DRAM connection.

To

| Row e{ddress

Tr Tc1

Address bus Columh address

High

High

T

| L

D7 to DO

Figure6.29 2-CASControl Timing (Write Accessto Even Address. RAST =0, CAST =0)
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This LSI 2-CAS type 128-Mbit DRAM

(Address shift size 8-Mbyte x 16-bit configuration
set to 11 bits) 11-bit column address
RAS (CS2) % | RAS
UCAS > UCAS
LCAS = LCAS
WE - WE
RD (OE) = OE

A12 > A11
A1l > A10
A10 > A9
A9 = A8 [Row address input:
A8 o A7 A11 to AO .
A7 » A g%ugnA%ddress input:
A6 A5
A5 > A4
A4 = A3
A3 = A2
A2 > A1
Al =1 AO

Di5toD0 K > D15to DO

Figure6.30 Example of 2-CAS DRAM Connection

6.6.11 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
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 DRAMCR.

Burst Access (Fast Page Mode): Figures 6.31 and 6.32 show the operation timing for burst
access. When there are consecutive access cycles for DRAM space, the CAS signal and column
address output cycles (two states) continue as long as the row address is the same for consecutive
access cycles. The row address used for the comparison is set with bits MXC2 to MXCO in
DRAMCR.

The bus cycle can also be extended in burst access by inserting wait states. The wait state insertion
method and timing are the same as for full access. For details, see section 6.6.9, Wait Control.

Rev. 2.00, 03/04, page 132 of 534
RENESAS




= — |
1]
S T N A NN s B I S S N | I Y T IO O o
n 1 M
o @
o — o q ©
A8 5| S
S < £
-+ 1r%--1trr—1r--T—--""1t--""t"1t--rr O I N R =] D O A U U S R e e
c . 5]
- S o (¢]
A L 5 —
(@)
o I IO 7 H
a a4
b — % ~ s
- = [} © —
5 3 - -
©
0 A0 N . [SUVRONY PHSUN SIS NP PRSI RSN N EIS R O 2
£ = ettt vttt
© — = ~— % o M
= o © I el I
O < < o c
[N AU I N S [=, 700 IS P o4 _. IS
T T m Rttt T
[] LL (&)
Hor— |8 5
o c o — — ~—
3 = -
° o - -
e M ........................................... £ B s B i it i TR S R e eEt e | [ B
o 3 £ T T
ol [ =l — 8
c Q
S
..... S e e B e e e NI 8 N - T N I O N
) 2] ol 2
5 — < —_ —_ al ] o
a2 [N ‘C [ia [ia 2 = o
» 12} - = 2] = ~ ] (@)
17 O - o 2 [a] 2
o) S %) I I < I o < | | -t -_NA_,- .........................................
5 0 < 35 £ I 9° s = _
g < [O 7E w © 7E W s ) 0
e < I D E IO a = o A © g8 < = —
o o 2 @ O [E s fis °
M M = A S = oy s =2 _\D/ 3
3 2 k=) ¢ = T T ¢ I £ £
Q = LL ke L = L =
° < O A LLI © L ©
T = ¢A'RU,WO D\W_OD\
o I
o £
o =

Rev. 2.00, 03/04, page 133 of 534

RENESAS
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RAS Down Mode and RAS Up Mode: Even when burst operation is selected, it may happen that
access to DRAM space is hot continuous, but is interrupted by access to another space. In this
case, if theRAS signal is held low during the access to the other space, burst operation can be
resumed when the same row address in DRAM space is accessed again.

¢ RASDown Mode
To select RAS down maode, set both the RCDM bit and the BE bit to 1 in DRAMCR. If access
to DRAM space isinterrupted and another space is accessed, the RAS signal isheld low
during the access to the other space, and burst access is performed when the row address of the
next DRAM space access is the same as the row address of the previous DRAM space access.
Figure 6.33 shows an example of the timing in RAS down mode.
When the row address for the next DRAM space access does hot match the row address for the
previous DRAM space access and the RAS down state cannot be continued, one-state RAS up
cycle (T,,) isinserted immediately before the DRAM access. Figure 6.34 shows an example of
theidle cycle insertion when RAS down mode is not continued.
Note, however, that the RAS signal will go high if:
— arefresh operation isinitiated in the RAS down state
— self-refreshing is performed
— the chip enters software standby mode
— the RCDM bit or BE bit iscleared to O
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DRAM space

Normal space

read , read

DRAM space read

TCZ

TC1

T>

a

Address bus
RAS (CS2)

UCAS, LCAS

)

(AWR

E

Data bus

:0)

Figure6.33 Example of Operation Timingin RAS Down Mode (RAST =0, CAST

DRAM space read
T,

Normal space read
-

i

|

l |

'
T
'
'
'
|

DRAM space read

-

i
i
a

Address bus

UCAS, LCAS

Data bus

Figure6.34 Example of Idle CycleInsertion when RAS Down M ode cannot be Continued
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¢ RASUpMode
To select RAS up mode, clear the RCDM bit to 0 in DRAMCR. Each time accessto DRAM
space is interrupted and another space is accessed, the RAS signal goes high again. Burst
operation isonly performed if DRAM spaceis continuous. Figure 6.35 shows an example of
thetiming in RAS up mode.

DRAM space Normal space

, DRAM space read , read , read ,

T, T Ty T 0 Ty 0 T 0 Ty Ty
0 _| I_
Address bus 'x Row address XCqumn address 1 X Column address 2/} External address X:
mses 1 | b I
UCAS, [CAS |
WE (AWR) | ! | | | High ! | | |
OE (RD) i : : E |_
Data bus ! H : : /_E_\ : /_E_\ : (:D_

i i i e, e, i :

Figure6.35 Example of Operation Timingin RAS Up Mode (RAST =0, CAST =0)
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6.6.12 Refresh Control

This LSl is provided with a DRAM refresh control function. CAS-before-RAS (CBR) refreshing
isused. In addition, self-refreshing can be executed when the chip enters the software standby
state.

Refresh control is enabled when area 2 is designated as DRAM space in accordance with the
setting of bit DSET in DRAMCR.

CAS-before-RAS (CBR) Refreshing: To select CBR refreshing, set the RFSHE bitto 1in
REFCR.

With CBR refreshing, RTCNT counts up using the input clock selected by bits RTCK?2 to RTCKO
in REFCR, and when the count matches the value set in RTCOR (compare match), refresh control
is performed. At the sametime, RTCNT is reset and starts counting up again from H'00.
Refreshing isthus repeated at fixed intervals determined by RTCOR and bits RTCK 2 to RTCKO.
Set avaluein RTCOR and bits RTCK2 to RTCKO that will meet the refreshing interval
specification for the DRAM used.

When bits RTCK2 to RTCKO in REFCR are set, RTCNT starts counting up. RTCNT and RTCOR
settings should therefore be completed before setting bits RTCK2 to RTCKO. RTCNT operation is
shown in figure 6.36, compare match timing in figure 6.37, and CBR refresh timing in figure 6.38.

Access to external space other than DRAM space is not possible in parallel during the CBR
refresh period.

RTCOR

H'00

Refresh request 1 1 M M M

Figure6.36 RTCNT Operation
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RTCNT N X Hoo

RTCOR N

Refresh request
signal and CMF bit
setting signal

Figure6.37 Compare Match Timing

TRe1 TRe2

RAS C2) | o

UCAS, [CAS | |

Figure6.38 CBR Refresh Timing

A setting can be made in bits RCW1 and RCWO0 in REFCR to delay RAS signal output by oneto
three cycles. Use bits RLW1 and RLWO in REFCR to adjust the width of the RAS signal. The
settings of bits RCW1, RCWO0, RLW1, and RLWO are valid only in refresh operations.

Figure 6.39 shows the timing when bits RCW1 and RCWO are set.

TRp TRrw TRr TRC‘I TRCZ

RAS (CS2)

UCAS, [CAS l |

Figure6.39 CBR Refresh Timing (RCW1=0,RCW0=1, RLW1=0,RLW0=0)
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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.

To select self-refreshing, set the RFSHE bit and SLFRF bit to 1 in REFCR. When a SLEEP
instruction is executed to enter software standby mode, the CAS and RAS signals are output and
DRAM enters self-refresh mode, as shown in figure 6.40.

If a CBR refresh request occurs when making a transition to software standby mode, CBR
refreshing is executed, then self-refresh mode is entered.

Software
1 standby

Exalm

—
Y]
o
—
B
—
my)
3]
W

L

((

UCAS, LCAS |

((
)

m

I

Z
NARY

High

Figure6.40 Self-Refresh Timing

In some DRAMSs provided with a self-refresh mode, the RAS signal precharge time immediately
after self-refreshing islonger than the normal precharge time. A setting can be made in bits
TPCS2 to TPCS0 in REFCR to make the precharge time immediately after self-refreshing from 1
to 7 states longer than the normal precharge time. In this case, too, normal precharging is
performed according to the setting of bits TPC1 and TPCO in DRACCR, and therefore a setting
should be made to give the optimum post-self-refresh precharge time, including this time. Figure
6.41 shows an example of the timing when the precharge timeimmediately after self-refreshing is
extended by 2 states.
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Software

standby

TrcS

T

rpl

Trp2

DRAM space write

T

T

Tc1

Tcz

Address bus

>

RAS (CS2)

UCAS, LCAS

Nl

OE (RD)

WR (HWR)

Data bus

N

Figure6.41 Exampleof Timing when Precharge Time after Self-Refreshing is Extended

6.6.13

by 2 States

DMAC Single Address Transfer Mode and DRAM Interface

When burst mode is selected on the DRAM interface, the DACK output timing can be selected
with the DDS bit in DRAMCR. When DRAM space is accessed in DMAC single address mode at

the same time, this bit selects whether or not burst access is to be performed.

When DDS = 1: Burst accessis performed by determining the address only, irrespective of the
bus master. With the DRAM interface, the DACK output goes low from the T, state.

Figure 6.42 shows the DACK output timing for the DRAM interface when DDS = 1.
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T

Tc1 Tc2

Columh address X

Address bus

Ll

Row ejddress

RAS (CS2)

UCAS, LCAS

High

Read OE (RD)

S I

Write OE (RD) High

—

B B R S B B et Rl (EEEEETY FEE EEETET e

Figure6.42 Example of DACK Output Timing when DDS =1 (RAST =0, CAST =0)

When DDS = 0: When DRAM space is accessed in DMAC single address transfer mode, full
access (normal access) is always performed. With the DRAM interface, the DACK output goes
low from the T, state.

In modes other than DMAC single address transfer mode, burst access can be used when accessing
DRAM space.

Figure 6.43 shows the DACK output timing for the DRAM interface when DDS = 0.
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Row éddress Cltolumn addresis

Address bus

RAS (CS2)

UCAS, LCAS

([ WE (HWR) High

|""“" |"- |"-S<" o

(RD)

R
m

Read <

C_F
—

Data bus

WE (HWR)

Write Y

A
o
S

High

L Data bus

—

DACK

YTTTTTTTTYIYTTTTTTITTTTTTTrT Tt T T T T T T T T T s

L

Figure6.43 Example of DACK Output Timing when DDS =0 (RAST =0, CAST =1)
6.7 Idle Cycle

6.7.1 Operation

When this LS| accesses external address space, it can insert an idle cycle (T,) between bus cycles
in the following three cases: (1) when read accesses in different areas occur consecutively or when
an external access cycle occurs after a single address transfer, (2) when (1) occurs and awrite
cycle occursimmediately after aread cycle, and (3) when (1) and (2) occur and aread cycle
occursimmediately after awrite cycle. A condition for idle cycle insertion can be selected with
the IDLEL and IDLEOQ bitsin BCR. The number of idle cyclesto be inserted can be set from one
to four states by setting the IDLC1 and IDLCO bitsin BCR. By inserting an idle cycleit is
possible, for example, to avoid data collisions between ROM, etc., with along output floating
time, and high-speed memory, 1/0 interfaces, and so on.
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Consecutive Readsin Different Areas. If consecutive reads in different areas occur while the
IDLEL and IDLEO hitsin BCR are set to either B'01, B'10, or B'11, an idle cycle which is set by
the IDLC1 and IDLCO bitsin BCR isinserted at the start of the second read cycle.

Figure 6.44 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isaread cycle for SRAM, each
being located in adifferent area. In (a), anidle cycle is not inserted, and a collision occursin bus
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

T, T, T3 .. Ty Tp

N Snlipipgigigigiy

Address bus j x: Address bus j b
CS (area A) ' I i CS(area A) | [

CS (area B) i |I I CS (area B)
RD | | m [ RD

Data bus j—( i )—(

S T T

Data bus

: f
Long output floating time Idle cycle
(a) No idle cycle insertion (b) Idle cycle insertion
(IDLE1 =0, IDLEO = 0) (IDLE1 =0, IDLEO = 0, IDLC1 =0,

IDLCO = 0)

Figure6.44 Example of Idle Cycle Operation
(Consecutive Readsin Different Areas)

Write after Read: If an external write occurs after an external read while the IDLEL and IDLEO
bitsin BCR are set to either B'10 or B'11, an idle cycle which is set by the IDLC1 and IDLCO bits
in BCR isinserted at the start of the write cycle.

Figure 6.45 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin bus cycle B between the read data from ROM
and the CPU write data. In (b), anidle cycleisinserted, and a data collision is prevented.
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Bus cycle A

Bus cycle B

T, T T

o LI L L L

T, T

Address bus j

;X x: Address bus j

S (area A)

II ' CS (area B)

Bus cycle B

i CS(areaA) | |

} .

Idle cycle

(a) No idle cycle insertion
(IDLE1 =0, IDLEO = 0)

(b) Idle cycle insertion
(IDLE1 =0, IDLEO =0, IDLC1 =0,
IDLCO = 0)

Figure6.45 Exampleof Idle Cycle Operation (Write after Read)

Read after Write: If an external read occurs after an external write while the IDLEL and IDLEQ
bitsin BCR are set to B'11, an idle cycle which is set by the IDLC1 and IDLCO bitsin BCR is
inserted at the start of the read cycle.

Figure 6.46 shows an example of the operation in thiscase. In thisexample, buscycle A isaCPU
write cycle and bus cycle B isaread cycle from the SRAM. In (a), anidle cycleisnot inserted,
and a collision occurs in bus cycle B between the CPU write data and read data from the SRAM.
In (b), anidle cycleisinserted, and a data collision is prevented.
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Buscycle A Buscycle B , BuscycleA = BuscycleB

Address bus :X x: Address bus :X !
CS (area A) | ‘

S (area B)

RD

i
LWR | | I i i LWR | | i
Data bus j—( | N\ )— Data bus :)—( )—( )—
i i i i } i
= il
Long output floating time Data collision Idle cycle
(a) No idle cycle insertion (b) Idle cycle insertion
(IDLE1 =0, IDLEO = 0) (IDLE1 =0, IDLEO =0, IDLC1 =
IDLCO = 0)

Figure6.46 Example of Idle Cycle Operation (Read after Write)

Relationship between Chip Select (CS) Signal and Read (RD) Signal: Depending on the
system's load conditions, the RD signal may lag behind the CS signal. An example is shown in
figure 6.47. In this case, with the setting for no idle cycle insertion (a), there may be a period of
overlap between the bus cycle A RD signal and the bus cycle B CS sgnal Settmg idle cycle
insertion, asin (b), however, will prevent any overlap between the RD and CS signals.

, Buscycle A Bus cycle B , BuscycleA =~ BuscycleB |
T, T, Ta T, T, T, T, T LT Ty T,
0 o LML L
Address bus | X X: Address bus :X X x:
CS (area A) | | ! CS(area A) | | !
CS(areaB) ! | CS(areaB) ! ! [ I
o~ L5 e L LT
; ! ! | * |
Overlap period between CS (area B) Idle cycle
and RD may occur
(a) No idle cycle insertion (b) Idle cycle insertion
(IDLE1 =0, IDLEO = 0) (IDLE1 =0, IDLEO =0, IDLC1 =

IDLCO = 0)

Figure6.47 Relationship between Chip Select (CS) and Read (RD)
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Idle Cyclein Case of DRAM Space Access after Normal Space Access. InaDRAM space
access following a normal space access, the settings of bits IDLEL, IDLEOQ, IDLC1, and IDLCOin
BCR are valid. However, in the case of consecutive reads in different areas, for example, if the
second read is afull accessto DRAM space, idle cyclesinclude T, and T, cycles. The timing when
afour-state idle cycleisinserted in afull accessto DRAM space is shown in figure 6.48.

External read DRAM space read

T, T,

Address bus X

e

RAS E ! !
LCAS i i
Data bus ; ,\J I! :;\ i,

Figure6.48 Example of DRAM Full Access after External Read (CAST =0)

In burst accessin RAS down mode, the settings of bits IDLEL, IDLEOQ, IDLC1, and IDLCO are
valid and an idle cycleisinserted. Thetiming in this case isillustrated in figure 6.49.
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Figure6.49 Example of Idle Cycle Operation in RAS Down Mode

(Consecutive Readsin Different Areas) (IDLE1=0,IDLEO0O=1,IDLC1=0,IDLCO=1,

0,and CAST =0)

RAST

Table 6.7 shows whether thereis an idle cycleinsertion or not in the case of mixed accesses to

normal space and DRAM space.
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Table6.7 IdleCyclesin Mixed Accessesto Normal Space and DRAM Space

Previous Access Next Access IDLC1 IDLCO IDLE1 IDLEO |Idlecycle
Normal/DRAM Normal/DRAM space — — 0 0 Disabled
space read read (different area) 0 0 0 1 1 state inserted
1 0
1
1 0 1 2 states inserted
1 0
1
1 0 0 1 3 states inserted
1 0
1
1 0 1 4 states inserted
0
1
Single address External space — — 0 Disabled
transfer access 0 0 1 1 state inserted
0
1
1 0 1 2 states inserted
1 0
1
1 0 0 1 3 states inserted
0
1
1 0 1 4 states inserted
0
1
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Previous Access Next Access IDLC1 IDLCO

IDLE1 IDLEO Idlecycle

Normal/DRAM Normal/DRAM space — — 0 0 Disabled
space read write 17
0 0 1 0 1 state inserted
1
1 1 0 2 states inserted
1
1 0 1 0 3 states inserted
1
1 1 0 4 states inserted
1
Normal/DRAM Normal/DRAM space — — 0 0 Disabled
space write read 1
1 0
0 0 1 1 1 state inserted
1 1 1 2 states inserted
1 0 1 1 3 states inserted
1 1 1 4 states inserted

6.7.2 Pin Statesin Idle Cycle
Table 6.8 shows the pin statesin an idle cycle.

Table6.8 Pin Statesin Idle Cycle

Pins Pin State
A19to AO Contents of following bus cycle
D15 to DO High impedance
CSn(n=31t00) High*

UCAS, LCAS High

AS High

RD High

HWR, LWR High

RAS High*

WE High

DACKn (n=3100) High

Note: * Remains low in DRAM space RAS down mode.

RENESAS
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6.8 Write Data Buffer Function

This LS| has awrite data buffer function for the external data bus. Using the write data buffer
function enables external writes and DMA single address mode transfers to be executed in parallel
with internal accesses. The write data buffer function is made available by setting the WDBE hit
tolin BCR.

Figure 6.50 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external address space write or DMA single address mode transfer continues
for two states or longer, and there is an internal access next, an external write only is executed in
the first state, but from the next state onward an internal access (on-chip memory or interna 1/O
register read/write) is executed in parallel with the external address space write rather than waiting
until it ends.

On-chip memory read Internal I/O register read

External write cycle

Ty Ts Tw Tw Ts
“’ |
Internal Internal Internal I/O |
Internal address bus memory 1 A memory 2 register address !

Internal read signal

External address

External space
write

I
=
T
-
T

!
!
D15 to DO _g_(

Note: n=3t0 0

Figure6.50 Example of Timing when Write Data Buffer Function is Used
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6.9 BusArbitration
This LS| has abus arbiter that arbitrates bus master operations (bus arbitration).

There are two bus masters—the CPU and DMA C—that perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of abus request signal. The
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means of a
bus request acknowledge signal. The selected bus master then takes possession of the bus and
begins its operation.

6.9.1 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
reguest acknowledge signal to the bus master. If there are bus requests from more than one bus
master, the bus request acknowledge signal is sent to the one with the highest priority. When a bus
master receives the bus request acknowledge signal, it takes possession of the bus until that signal
is canceled.

The order of priority of the bus master is asfollows:

(High) DMAC > CPU (Low)

6.9.2 Bus Transfer Timing

Even if abus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific timings at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DMAC,
the bus arbiter transfers the bus to the bus master that issued the request. The timing for transfer of
the busisasfollows:

e Thebusistransferred at a break between bus cycles. However, if abus cycleis executed in
discrete operations, as in the case of alongword-size access, the busis not transferred between
the component operations.

e With bit manipulation instructions such as BSET and BCLR, the sequence of operationsis:
dataread (read), relevant bit manipulation operation (modify), write-back (write). The busis
not transferred during this read-modify-write cycle, which is executed as a series of bus cycles.

e |f the CPU isin sleep mode, the busis transferred immediately.
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DMAC: The DMAC sends the bus arbiter arequest for the bus when an activation request is
generated.

In normal transfer mode or in cycle steal transfer mode, the DMAC rel eases the bus after asingle
transfer. In block transfer mode, it releases the bus after transfer of one block, and in burst mode,
after completion of the transfer.

6.10 BusController Operation in Reset

Inareset, thisLSl, including the bus controller, enters the reset state immediately, and any
executing bus cycle is aborted.
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Section 7 DMA Controller (DMACQC)

This LS| has an on-chip DMA controller (DMAC) which can carry out data transfer on up to 4
channels.

7.1 Features

e Number of channels: Four channels

e Address space: Physical address space (16-Mbyte external space)

e Transfer datalength: Byte, word, or longword can be selected.

e Maximum number of transfers. 16,777,215/infinite (free-running)

e Address mode: Dual address mode or single address mode can be selected.
Dua address mode
Addresses of transfer source and transfer destination are accessed.

Values set in the internal DMAC register are addresses to be accessed for transfer source and
transfer destination.

Single data transfer requires two bus cycles.
Single address mode

The peripheral device of transfer source or transfer destination is accessed by the DACK signal
and another one is accessed by the address. Single data transfer requires one bus cycle.

o Transfer request: The DMAC transfer activation requests are as follows.
External request
Four DREQ pins. Low-level detection or falling-edge detection can be selected.
External requests can be accepted on all channels.
Auto request
A transfer request is automatically generated from the internal DMAC.
On-chip USB
A transfer request can be accepted from the on-chip USB on all channels.
e Busmode: Cycle steal mode or burst mode can be sel ected.
e Transfer mode: Normal mode or block transfer mode can be selected.
Normal mode
Single data transfer is performed for single transfer request.
The number of transfersis specified as 24 bits (max. 16 Mbytes)
Block transfer mode (only for external request)
Single block (specified number) data transfer is performed for single transfer request.

o Interrupt request: An interrupt request can be sent to the CPU at the end of the specified
number of transfers.
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e Repeat area set function
This function enables data transfer of ring buffer, etc. efficiently because values in the upper
bits of the transfer address register are fixed and address values in the specific range are
repeated.
Repeat area can be set from one bit (two bytes) to 23 hits (8 Mbytes).
Repeat area can be set for both transfer source and transfer destination.
Interrupt request generation can be set by overflow determination of repeat area.

o Acceptance of atransfer request and the start of transfer processing can be notified to an
external device viathe DRAK pin.
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Figure 7.1 shows ablock diagram of the DMAC.

External pins

Bus controller

Data buffer

DREQn
DRAKn
TENDnN
DACKn

On-chip USB module

Internal signals with
on-chip USB module

Interrupt request
signals to CPU
for individual channels

Control logic _>| Address buffer IL
—>/ Processor \
[ DMSARn K>
[ DMDAR n K>
DMMDR n
DMACR _n [ DMTCR n <

)

(

Internal data bus

Legend

DMSAR_n: DMA source address register
DMDAR_n: DMA destination address register
DMTCR_n: DMA transfer count register
DMMDR_n: DMA mode control register
DMACR_n: DMA address control register
DREQn: DMA transfer request

DRAKn: DREQ acceptance acknowledge
TENDnN: DMA transfer end

DACKn: DMA transfer acknowledge

n=0to3

Module data bus

7.2 I nput/Output Pins

Table 7.1 shows the pin configuration of the DMAC.

The corresponding port to the DACK pin automatically enters the output state by the setting of the
single address transfer mode. When the DREQ pin is used, the corresponding port must not enter
the output state. Whether the corresponding port to the TEND/DRAK pin is used as TEND/DRAK
pin can be set by the register.

Figure7.1 Block Diagram of DMAC
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Table7.1 Pin Configuration

Abbre-
Channel Name viation I/0 Function
0 DMA request 0 DREQO Input Channel 0 external request
DMA transfer acknowledge 0 DACKO Output  Channel 0 single address transfer
acknowledge
DMA transfer end O TENDO Output  Channel 0 transfer end
DREQO acceptance DRAKO Output  Notification to external device of
acknowledge channel 0 external request
acceptance and start of transfer
processing
1 DMA request 1 DREQ1 Input Channel 1 external request
DMA transfer acknowledge 1 DACK1 Output  Channel 1 single address transfer
acknowledge
DMA transfer end 1 TEND1 Output  Channel 1 transfer end
DREQ1 acceptance DRAK1 Output  Notification to external device of
acknowledge channel 1 external request
acceptance and start of transfer
processing
2 DMA request 2 DREQ2 Input Channel 2 external request
DMA transfer acknowledge 2 DACK2 Output  Channel 2 single address transfer
acknowledge
DMA transfer end 2 TEND2 Output  Channel 2 transfer end
DREQ2 acceptance DRAK2 Output  Notification to external device of
acknowledge channel 2 external request
acceptance and start of transfer
processing
3 DMA request 3 DREQ3 Input Channel 3 external request
DMA transfer acknowledge 3 DACK3 Output  Channel 3 single address transfer
acknowledge
DMA transfer end 3 TEND3 Output  Channel 3 transfer end
DREQ3 acceptance DRAK3 Output  Notification to external device of
acknowledge channel 3 external request

acceptance and start of transfer
processing
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7.3

Register Descriptions

The DMAC has the following registers.

DMA source address register 0 (DMSAR_0)
DMA destination address register_ 0 (DMDAR_0)
DMA transfer count register 0 (DMTCR_0)
DMA mode control register 0 (DMMDR_0)
DMA address control register 0 (DMACR_0)
DMA source address register 1 (DMSAR_1)
DMA destination addressregister 1 (DMDAR_1)
DMA transfer count register_1 (DMTCR_1)
DMA mode control register 1 (DMMDR_1)
DMA address control register 1 (DMACR_1)
DMA source address register 2 (DMSAR_2)
DMA destination addressregister 2 (DMDAR_2)
DMA transfer count register 2 (DMTCR_2)
DMA mode control register 2 (DMMDR_2)
DMA address control register 2 (DMACR_2)
DMA source address register 3 (DMSAR_3)
DMA destination address register 3 (DMDAR_3)
DMA transfer count register_3 (DMTCR_3)
DMA mode control register 3 (DMMDR_3)
DMA address control register_ 3 (DMACR_3)
USB transfer control register (USTCR)

RENESAS
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731 DMA Source Address Register (DM SAR)

DMSAR is a 32-hit readable/writable register that specifies the transfer source address. An address
update function is provided that updates the register contents to the next transfer source address
each time transfer processing is performed. In single address mode, the DMSAR valueis ignored
when adevice with DACK is specified as the transfer source.

The upper 8 bits of DMSAR are reserved; they are always read as 0 and cannot be modified. Only
0 should be written to these bits.

The DMSAR value is undefined at areset or in hardware standby mode.
Do not write to DMSAR for a channel on which DMA transfer isin progress.

DMSAR can beread at al times by the CPU. When reading DMSAR for a channel on which
DMA transfer processing isin progress, alongword-size read must be executed.

732 DMA Destination Address Register (DMDAR)

DMDAR is a 32-hit readable/writable register that specifies the transfer destination address. An
address update function is provided that updates the register contents to the next transfer
destination address each time transfer processing is performed. In single address mode, the
DMDAR value isignored when a device with DACK is specified as the transfer destination.

The upper 8 bits of DMDAR are reserved; they are always read as 0 and cannot be modified. Only
0 should be written to these bits.

The DMDAR valueis undefined at areset or in hardware standby mode.
Do not write to DMDAR for achannel on which DMA transfer isin progress.

DMDAR can be read at al times by the CPU. When reading DMDAR for a channel on which
DMA transfer processing is in progress, alongword-size read must be executed.

7.3.3 DMA Transfer Count Register (DMTCR)

DMTCR specifies the number of transfers. The function differs according to the transfer mode
(normal/block).

The DMTCR value is undefined at areset or in hardware standby mode.

Do not write to DMTCR for a channel on which DMA transfer isin progress.
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Normal Transfer M ode:

Initial
Bit Bit Name Value R/W Description
31t024 — AllO — Reserved
These bits are always read as 0. The write value should
always be 0.
23t00 Undefined R/W 24-Bit Transfer Counter

These bits specify the number of transfers (number of
bytes, word, or longwords). Setting H'000001 specifies
one transfer. Setting H'000000 means no specification
for the number of transfers, and the transfer counter
function is halted. In this case, there is no transfer end
interrupt by the transfer counter. Setting H'FFFFFF
specifies the maximum number of transfers, that is
16,777,215. During DMA transfer, this counter shows
the remaining number of transfers.

This counter can be read at all times. When reading
DMTCR for a channel on which DMA transfer
processing is in progress, a longword-size read must be
executed.

Block Transfer Mode:

Initial

Bit Bit Name Value R/W  Description

31t024 — All O — Reserved
These bits are always read as 0. The write value should
always be 0.

23to 16 Undefined R/W Block Size
These bits specify the block size (number of bytes,
words, or longwords) for block transfer. Setting H'01
specifies one as the block, while setting H'00 specifies
the maximum block size, that is 256. The register value
always indicates the specified block size.

15t00 Undefined R/W 16-Bit Transfer Counter

These bits specify the number of block transfers
(number of bytes, word, or longwords). Setting H'0001
specifies one block transfer. Setting H'0000 means no
specification for the number of transfers, and the
transfer counter function is halted. In this case, there is
no transfer end interrupt by the transfer counter. Setting
H'FFFF specifies the maximum number of block
transfers, that is 65,535. During DMA transfer, this
counter shows the remaining number of block transfers.
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734 DMA Mode Control Register (DMMDR)

DMMDR specifies the operating mode and transfer type.

Initial
Bit Bit Name Value R/W Description
15 DA 0 R/(W)*' DMA Active

Controls the DMA operation. When this bit is set to 1,
this indicates that an DMA operation is in progress.

When auto request mode is specified (by bits MDS1
and MDSO0), transfer processing begins when this bit is
set to 1. With external requests, transfer processing
begins when a transfer request is issued after this bit
has been set to 1. When this bit is cleared to 0 during
an DMA operation, transfer is halted. If this bit is
cleared to 0 during an DMA operation in block transfer
mode, transfer processing is continued for the currently
executing one-block transfer, and the bit is cleared on
completion of the currently executing one-block
transfer.

If an external source that ends (aborts) transfer occurs,
this bit is automatically cleared to 0 and transfer is
terminated. Do not change the operating mode, transfer
method, or other parameters while this bit is set to 1.

0: Data transfer disabled on corresponding channel

[Clearing conditions]

e When the specified number of transfers end

e When operation is halted by a repeat area overflow
interrupt

e When 0 is written to DA while DA =1
(In block transfer mode, write is effective after end
of one-block transfer)

¢ Reset, NMI interrupt, hardware standby mode

1: Data transfer enabled on corresponding channel and
during an DMA operation.
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Initial

Bit Bit Name Value R/W Description

14 BEF 0 R/(W)*? Block Transfer Error Flag
Flag that indicates the occurrence of an error during
block transfer. If an NMI interrupt is generated during
block transfer, the DMAC immediately terminates the
DMA operation and sets this bit to 1. The address
registers indicate the next transfer addresses during
block transfer, but the data for which transfer has been
performed within the block size is lost. To clear this bit,
0 should be written after reading 1 from this bit.
0: No block transfer error
[Clearing condition]
Writing 0 to BEF after reading BEF = 1
1: Block transfer error and block transfer is abnormal.
[Setting condition]
NMI interrupt during block transfer

13 DRAKE 0 R/W DRAK Pin Output Enable
Enables output from the DREQ acknowledge/transfer
processing start (DRAK) pin.
0: DRAK pin output disabled
1: DRAK pin output enabled

12 TENDE 0 R/W TEND Pin Output Enable
Enables output from the DMA transfer end (TEND) pin.
0: TEND pin output disabled
1: TEND pin output enabled

11 DREQS 0 R/W DREQ Select
Specifies low level sensing or falling edge sensing as
the sampling method for the DREQ pin used in external
request mode.
0: Low level sensing (Low level sensing is used for the

first transfer after transfer is enabled.)

1: Falling edge sensing

10 AMS 0 R/W Address Mode Select

Selects single address mode or dual address mode.
When single address mode is selected, the DACK pin is
valid.

0: Dual address mode
1: Single address mode
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Initial

Bit Bit Name Value R/W Description
9 MDSH1 0 R/W Mode Select 1 and 0
8 MDSO0 0 R/W These bits specify the activation source, bus mode,
and transfer mode.
Activation Source Bus Mode Transfer Mode
00 Auto request Cycle steal Normal transfer
mode mode
01 Auto request Burst mode Normal transfer
mode
10 External request, Cycle steal Normal transfer
on-chip USB mode mode
11 External request, Cycle steal Block transfer
on-chip USB mode mode
Note: The transfer from the on-chip USB can be the
requested by setting USTCR. See section
7.3.6, USB Transfer Control Register
(USTCR).
7 DIE 0 R/W DMA Interrupt Enable

Enables or disables interrupt requests. When this bit
is set to 1, an interrupt request is generated when
the IRF bit in DMMDR is set to 1. The interrupt
request is cleared by clearing this bit or the IRF bit
in DMMDR to 0.

0: Interrupt request is not generated
1: Interrupt request is generated
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Bit

Bit Name

Initial
Value

R/W

Description

6

IRF

0

R/(W)**

Interrupt Request Flag

Flag indicating that an interrupt request has occurred
and transfer has ended.

To clear this bit, the DA bit in DMMDR is setto 1 or O is
written after reading 1 from this bit.

0: No interrupt request

[Clearing conditions]

e Writing 1 to the DA bit in DMMDR

e Writing O to IRF after reading IRF = 1
1: Interrupt request occurrence

[Setting conditions]

o Transfer end interrupt request generated by transfer
counter

e Source address repeat area overflow interrupt
request

e Destination address repeat area overflow interrupt
request

5

TCEIE

0

R/W

Transfer Counter End Interrupt Enable

Enables or disables transfer end interrupt requests by
the transfer counter. When transfer ends according to
the transfer counter while this bit is set to 1, the IRF bit
in DMMDR is set to 1, indicating that an interrupt
request has occurred.

0: Transfer end interrupt requests by transfer counter
are disabled

1: Transfer end interrupt requests by transfer counter
are enabled

4

SDIR

0

R/W

Single Address Direction

Specifies the data transfer direction in single address
mode. In dual address mode (AMS = 0), the
specification by this bit is ignored.

0: Transfer direction: DMSAR — external device with
DACK

1: Transfer direction: External device with DACK —
DMDAR
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Initial
Bit Bit Name Value

R/W

Description

3 DTSIZE 0

R/W

Data Transmit Size

Specifies the size of data to be transferred by
combination of the LWSIZE bit.

LWSIZE DTSIZE

0 0: Byte-size (8-bit) specification

0 1: Word-size (16-bit) specification

0 0: Longword-size (32-bit) specification
1 1: Reserved (setting prohibited)

R/W

Reserved

This bit can be read from or written to. However, the
write value should always be 0.

1 LWSIZE 0

R/W

Longword Data Transmit Size

Specifies the size of data to be transferred by
combination of the DTSIZE bit.

R/W

Reserved

This bit can be read from or written to. However, the
write value should always be 0.

Notes: 1. There is a period when the written value is not reflected immediately.
2. Only 0 can be written after reading 1, to clear the flag.
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735 DMA Address Control Register (DMACR)

DMACR specifies address register incrementing/decrementing and use of the repeat area function.

Initial
Bit Bit Name Value R/W

Description

15 SAT1 0 R/W
14 SATO 0 R/W

Source Address Update Mode

These bits specify incrementing/decrementing of the
transfer source address (DMSAR).

When an external device with DACK is designated as
the transfer source in single address mode, the
specification by these bits is ignored.

0X: Source address (DMSAR) is fixed

10: Source address is incremented (+1 in byte transfer,
+2 in word transfer, or +4 in longword transfer)

11: Source address is decremented (—1 in byte transfer,
—2 in word transfer, or —4 in longword transfer)

13 SARIE 0 R/W

Source Address Repeat Interrupt Enable

When this bit is set to 1, in the event of source address
repeat area overflow, the IRF bit in DMMDR is set to 1

and the DA bit in DMMDR cleared to 0, and transfer is

terminated. If the DIE bit in DMMDR is 1 when the IRF
bitin DMMDR is set to 1, an interrupt request is sent to
the CPU.

When used together with block transfer mode, a source
address repeat interrupt is requested at the end of a
block-size transfer.

If the DA bit is set to 1 in DMMDR for the channel on
which transfer is terminated by a source address repeat
interrupt, transfer can be resumed from the state in
which it ended. If a source address repeat area has not
been designated, this bit is ignored.

0: Source address repeat interrupt is not requested

1: When source address repeat area overflow occurs,
the IRF bit in DMMDR is set to 1 and an interrupt is
requested
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Initial

Bit Bit Name Value R/W Description

12 SARA4 0 R/W Source Address Repeat Area

11 SARA3 0 R/W These bits specify the source address (DMSAR) repeat

10 SARA2 0 RW area. The repea_t area fgnctlon updat.e.s the specified
lower address bits, leaving the remaining upper address

9 SARAT1 0 R/W  bits always the same. A repeat area size of 2 bytes to 8

8 SARAOQ 0 R/W Mbytes can be specified. The setting interval is a

power-of-two number of bytes. When repeat area
overflow results from incrementing or decrementing an
address, the lower address is the start address of the
repeat area in the case of address incrementing, or the
last address of the repeat area in the case of address
decrementing. If the SARIE bit is set to 1, an interrupt
can be requested when repeat area overflow occurs.
00000: Not designated source address (DMSAR) as
repeat area
00001: Lower 1 bit (2-byte area) in DMSAR designated
as repeat area
00010: Lower 2 bits (4-byte area) in DMSAR
designated as repeat area

00011: Lower 3 bits (8-byte area) in DMSAR
designated as repeat area

00100: Lower 4 bits (16-byte area) in DMSAR
designated as repeat area

10011: Lower 19 bits (512-kbyte area) in DMSAR
designated as repeat area

10100: Lower 20 bits (1-Mbyte area) in DMSAR
designated as repeat area

10101: Lower 21 bits (2-Mbyte area) in DMSAR
designated as repeat area

10110: Lower 22 bits (4-Mbyte area) in DMSAR
designated as repeat area

10111: Lower 23 bits (8-Mbyte area) in DMSAR
designated as repeat area
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Bit

Bit Name

Initial
Value

R/W

Description

7
6

DAT1
DATO

0
0

R/W
R/W

Destination Address Update Mode

These bits specify incrementing/decrementing of the
transfer destination address (DMDAR). When an
external device with DACK is designated as the transfer
destination in single address mode, the specification by
these bits is ignored.

0X: Destination address (DMDAR) is fixed

10: Destination address is incremented (+1 in byte
transfer, +2 in word transfer, or +4 in longword
transfer)

11: Destination address is decremented (—1 in byte

transfer, —2 in word transfer, or —4 in longword
transfer)

5

DARIE

0

R/W

Destination Address Repeat Interrupt Enable

When this bit is set to 1, in the event of destination
address repeat area overflow the IRF bit is set to 1 and
the DA bit cleared to 0 in DMMDR, and transfer is
terminated. If the DIE bit in DMMDR is 1 when the IRF
bitin DMMDR is set to 1, an interrupt request is sent to
the CPU.

When used together with block transfer mode, a
destination address repeat interrupt is requested at the
end of a block-size transfer.

If the DA bit is set to 1 in DMMDR for the channel on
which transfer is terminated by a destination address
repeat interrupt, transfer can be resumed from the state
in which it ended.

If a destination address repeat area has not been
designated, this bit is ignored.

0: Destination address repeat interrupt is not requested

1: When destination address repeat area overflow
occurs, the IRF bit in DMMDR is setto 1 and an
interrupt is requested
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Initial
Bit Bit Name Value R/W Description

4 DARA4 0 R/W Destination Address Repeat Area

3 DARA3 0 R/W These bits specify the destination address (DMDAR)

2 DARA2 0 R/W repeat area. The repeat area function updates the
specified lower address bits, leaving the remaining

1 DARAT 0 R/W upper address bits always the same.

0 DARAO 0 R/W A repeat area size of 2 bytes to 8 Mbytes can be

specified. The setting interval is a power-of-two number
of bytes.

When repeat area overflow results from incrementing or
decrementing an address, the lower address is the start
address of the repeat area in the case of address
incrementing, or the last address of the repeat area in
the case of address decrementing.

If the DARIE bit is set to 1, an interrupt can be
requested when repeat area overflow occurs.

00000: Not designated destination address (DMDAR)
as repeat area

00001: Lower 1 bit (2-byte area) in DMDAR designated
as repeat area

00010: Lower 2 bits (4-byte area) in DMDAR
designated as repeat area

00011: Lower 3 bits (8-byte area) designated as repeat
area

00100: Lower 4 bits (16-byte area) in DMDAR
designated as repeat area

10011: Lower 19 bits (512-kbyte area) in DMDAR
designated as repeat area

10100: Lower 20 bits (1-Mbyte area) in DMDAR
designated as repeat area

10101: Lower 21 bits (2-Mbyte area) in DMDAR
designated as repeat area

10110: Lower 22 bits (4-Mbyte area) in DMDAR
designated as repeat area

10111: Lower 23 bits (8-Mbyte area) in DMDAR
designated as repeat area
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7.3.6 USB Transfer Control Register (USTCR)

USTCR specifies the transfer source from the on-chip USB, etc.

Initial
Bit Bit Name Value R/W

Description

15 EP1IDMAE 0 R/W

Endpoint 1 (EP1) DMA Enable

Enables a transfer source from the on-chip USB
(transfer direction: reading from the on-chip USB
(EP1)). When this bit is set to 1, a transfer request from
the USB is selected as a transfer source.

In block transfer mode, the on-chip USB request must
not be set as an activation source. While the DA bit in
DMMDR is set to 1, the EP1DMAE value must not be
changed.

0: Transfer request from on-chip USB (EP1) not
accepted.

1: Transfer request from on-chip USB (EP1) accepted.
The DREQ pin on the corresponding channel is not
available.

14 URCHSH1 0 R/W
13 URCHSO 0 R/W

USB Read Channel Select

When the DMA transfer is performed by a transfer
request from the USB (EP1), these bits select the
DMAC channel to be used. When the channel which
accepts a request is selected and the EP1DMAE bit is
set to 1, the corresponding channel accepts a USB
request rather than an external request. In this case,
the transfer direction is reading from the USB (EP1).
Therefore, the source address must be specified as the
FIFO in the USB (EP1).

While the DA bit in DMMDR is set to 1, these bits must
not be changed. A transfer request from the endpoint 1
(EP1) (reading from the on-chip USB) or a transfer
request from the endpoint 2 (EP2) (writing to the on-
chip USB) must not be set to the same channel.

00: Channel 0 can accept the EP1 transfer request.
01: Channel 1 can accept the EP1 transfer request.
10: Channel 2 can accept the EP1 transfer request.
11: Channel 3 can accept the EP1 transfer request.
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Initial
Bit Bit Name Value R/W Description

12 — 0 R/W Reserved

This bit can be read from or written to. However, the
write value should always be 0.

11 EP2DMAE 0 R/W Endpoint 2 (EP2) DMA Enable

Enables a transfer source from the on-chip USB
(transfer direction: writing to the on-chip USB). When
this bit is set to 1, a transfer request from the USB is
selected as a transfer source.

In block transfer mode, the on-chip USB request must
not be set as an activation source. While the DA bit in
DMMDR is set to 1, the EP2DMAE value must not be
changed.

0: Transfer request from on-chip USB (EP2) not
accepted.

1: Transfer request from on-chip USB (EP2) accepted.
The DREQ pin on the corresponding channel is not

available.
10 UWCHS1 0 R/W USB Write Channel Select
9 UWCHSO0 0 R/W When the DMA transfer is performed by a transfer

request from the USB (EP2), these bits select the
DMAC channel to be used. When the channel which
accepts a request is selected and the EP2DMAE bit is
set to 1, the corresponding channel accepts a USB
request rather than an external request. In this case,
the transfer direction is writing to the on-chip USB
(EP2). Therefore, the destination address must be
specified as the FIFO in the on-chip USB (EP2).

While the DA bit in DMMDR is set to 1, these bits must
not be changed. A transfer request from the endpoint 1
(EP1) (reading from the on-chip USB) or a transfer
request from the endpoint 2 (EP2) (writing to the on-
chip USB) must not be set to the same channel.

00: Channel 0 can accept the EP2 transfer request.
01: Channel 1 can accept the EP2 transfer request.
10: Channel 2 can accept the EP2 transfer request.
11: Channel 3 can accept the EP2 transfer request.

8to0 — All O R/W Reserved

These bits can be read from or written to. However, the
write value should always be 0.
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7.4 Operation

All DMAC functions on four channels are common. Each mode can be set independently for each
channel. The DMAC functions can be used by combining each function.

74.1 Transfer Modes
The transfer modes of the DMAC are summarized in table 7.2.

Table7.2 DMAC Transfer Modes

Address Registers

Address Transfer Transfer ~ Number of
Mode  Mode Bus Mode Origin Transfers Source Destination
Dual Normal Burst/cycle steal mode Auto 1t0 16,777,215 DMSAR DMDAR
address transfer request or no specification
mode mode
Cycle steal mode External
request
On-chip
uSB
Block Burst transfer of External 110 65,535 or no
transfer specified block size for a request specification

mode single transfer request

Block size: 1 to 256
bytes, words, or

longwords
Single e Direct data transfer to/from external device using DACK pin  DMSAR/ DACK/
adddress instead of source or destination address register DACK  DMDAR
mode

e Above transfer mode can be specified in addition to address
register setting
¢ One transfer possible in one bus cycle

In single address mode, a transfer request from the on-chip USB
is not available.

(Transfer mode variations are the same as in dual address mode
except for a transfer request from the on-chip USB.)
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The transfer mode can be set independently for each channel. In normal transfer mode, a one-byte,
one-word, or one-longword transfer is executed in response to one transfer request. With auto
requests, burst or cycle steal transfer mode can be set. In normal or burst transfer mode,
continuous, high-speed transfer can be performed until the specified number of transfers have been
executed or the transfer enable bit is cleared to 0. In block transfer mode, a transfer of the
specified block size is executed in response to one transfer request. The block size can be from 1
to 256 bytes, words, or longwords. Within ablock, transfer can be performed at the same high
speed asin burst transfer mode. When the “no specification” setting (DMTCR = H'000000) is
made for the number of transfers, the transfer counter is halted and there is no limit on the number
of transfers, allowing transfer to be performed endlessly.

Incrementing or decrementing the memory address by 1, 2, or 4, or leaving the address unchanged,
can be specified independently for each address register. In al transfer modes, it is possible to set
arepeat area comprising a power-of-two number of bytes.

74.2 Address Modes (Dual Address M ode/Single Address M ode)

Dual Address Mode: In dual address mode, both the transfer source and transfer destination are
specified by registersin the DMAC, and one transfer is executed in two bus cycles.

The transfer source addressis set in the source address register (DM SAR), and the transfer
destination address is set in the destination address register (DMDAR).

In atransfer operation, the value in external memory specified by the transfer source addressis
read in the first bus cycle, and is written to the external memory specified by the transfer
destination address in the next bus cycle.

These consecutive read and write cycles are indivisible: another bus cycle (external access by an
internal bus master or refresh cycle) does not occur between these two cycles.

TEND pin output can be enabled or disabled by means of the TENDE bit in DMMDR. TEND is
output for two consecutive bus cycles. The DACK signal is not output.

Figure 7.2 shows an example of the timing in dual address mode.
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. DMA | DMA |
. readcycle | writecycle |
P>

¢ NN O N O A

Address bus X DMSAR X DMDAR X

o 1

TEND

Figure7.2 Exampleof Timingin Dual AddressMode

Single Address Mode: In single address mode, the DACK signal is used instead of the source or
destination address register to transfer data directly between an external device and external
memory. In this mode, the DMAC accesses the transfer source or transfer destination external
device by outputting the external 1/0 strobe signal (DACK), and at the same time accesses the
other external device in the transfer by outputting an address. In thisway, DMA transfer can be
executed in one bus cycle. In the example of transfer between external memory and an external
device with DACK shownin figure 7.3, datais output to the data bus by the external device and
written to external memory in the same bus cycle.

Thetransfer direction, that is whether the external device with DACK is the transfer source or
transfer destination, can be specified with the SDIR bit in DMMDR. Transfer is performed from
the external memory (DM SAR) to the external device with DACK when SDIR = 0, and from the
external device with DACK to the external memory (DMDAR) when SDIR = 1.

The setting in the source or destination address register not used in the transfer isignored.

The DACK pin becomes valid automatically when single address mode is sel ected.

The DACK pinisactive-low. TEND pin output can be enabled or disabled by means of the
TENDE bitin DMMDR. TEND is output for one bus cycle.

Figure 7.3 shows the data flow in single address mode, and figure 7.4 shows an example of the
timing.
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address bus  data bus

Microcomputer

External
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DACK
DREQ
----» Data flow

Figure7.3 DataFlow in Single Address M ode
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Transfer from external memory to external device with DACK

o

Address bus
RD

WR

DACK

Data bus

TEND

. DMAcycle .

.

X DMSAR X -<—— Address to external memory space

| | ‘ <— RD signal to external memory space

+<j— <+—— Data output from external memory

Transfer from external device with DACK to external memory

0

. DMAcycle .
: :

L L L

X DMDAR X <—— Address to external memory space

ﬂ -«—— Data output from external device

with DACK

Figure7.4 Exampleof Timingin Single Address Mode
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743 DMA Transfer Requests (Auto Request M ode/Exter nal Request M ode/USB
Transfer Request)

Auto Request Mode: In auto request mode, transfer request signals are automatically generated
within the DMAC in cases where atransfer request signal is not issued from outside, such asin
transfer between two memories, or between a peripheral module that is not capable of generating
transfer requests and memory. In auto request mode, transfer is started when the DA bitissetto 1
in DMMDR.

In auto request mode, either cycle steal mode or burst mode can be selected as the bus mode.
Block transfer mode cannot be used.

External Request M ode: In external request mode, transfer is started by atransfer request signal
(DREQ) from a device external to thisLSI. DMA transfer is started when DREQ isinput while
DMA transfer isenabled (DA = 1).

The transfer request source need not be the data transfer source or data transfer destination.

The transfer request signal is accepted viathe DREQ pin. Either falling edge sensing or low level
sensing can be selected for the DREQ pin by means of the DREQS bit in DMMDR (low level
sensing when DREQS = 0, falling edge sensing when DREQS = 1).

Setting the DRAKE bitto 1 in DMMDR enables asignal confirming transfer request acceptance
to be output from the DRAK pin. The DRAK signal is output when acceptance and transfer
processing has been started in response to a single external request. The DRAK signal enablesthe
external device to determine the timing of DREQ signal negation, and makes it possible to provide
handshaking between the transfer request source and the DMAC.

In external request mode, block transfer mode can be used instead of burst mode. Block transfer
mode allows continuous execution (burst operation) of the specified number of transfers (the block
size) in response to asingle transfer request. In block transfer mode, the DRAK signal is output
only once for aone-block transfer, since the transfer request viathe DREQ pin is for ablock unit.

USB Request Mode: In USB request mode, DMA transfer can be executed by atransfer request
from the on-chip USB. When atransfer request from the USB can be accepted and DMA transfer
isenabled (DA = 1), DMA transfer is started after atransfer request from the USB isinput.

When atransfer request for the endpoint 1 is accepted, the DMAC transfers the endpoint 1 data.
When atransfer request for the endpoint 2 is accepted, the DMAC transfers data to the endpoint 2.

When atransfer request from the USB is used as a transfer source, single address mode, block
transfer mode, and normal/burst transfer mode cannot be used.
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74.4 Bus Modes (Cycle Steal Mode/Burst M ode)

There are two bus modes: cycle steal mode and burst mode. When the activation source is an auto
request, either cycle steal mode or burst mode can be selected. When the activation sourceis an
external request, cycle steal modeis used.

Cycle Steal Mode: In cycle steal mode, the DMAC releases the bus at the end of each transfer of
atransfer unit (byte, word, or block). If there is a subsequent transfer request, the DMAC takes
back the bus, performs another transfer-unit transfer, and then releases the bus again. This
procedure is repeated until the transfer end condition is satisfied.

If atransfer request occursin another channel during DMA transfer, the busis temporarily
released, then transfer is performed on the channel for which the transfer request was issued. If
thereis no external space bus request from another bus master, a one-cycle busrelease interval is
inserted. For details on the operation when there are requests for a number of channels, see section
7.4.8, Channel Priority.

Figure 7.5 shows an example of thetiming in cycle steal mode.

ovea ]
o | L]

Buscycle X cPu X cpu X _bmac X cpu X cpu X bmac X
~—

Bus returned temporarily to CPU

Transfer conditions:

- Single address mode, normal transfer mode

- DREQ low level sensing

- CPU internal bus master is operating in external space

Figure7.5 Exampleof Timingin Cycle Steal Mode

Burst Mode: In burst mode, once the DMAC acquires the bus it continues transferring data,
without releasing the bus, until the transfer end condition is satisfied. Thereis no burst modein
external request mode. In burst mode, once transfer is started it is not interrupted even if thereisa
transfer request from another channel with higher priority. When the burst mode channel finishes
itstransfer, it releases the bus in the next cycle in the same way asin cycle steal mode.

When the DA bit iscleared to 0 in DMMDR, DMA transfer is halted. However, DMA transfer is
executed for al transfer requests generated within the DMAC up until the DA bit was cleared to 0.
If arepeat area overflow interrupt is generated, the DA bit is cleared to 0 and transfer is
terminated.
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Figure 7.6 shows an example of the timing in burst mode.

Buscycle X cpu X cpu X _bmac X bmac X bmac X cpu X cpu X

;/
CPU cycle not generated

Auto request mode

Figure7.6 Examplesof Timingin Burst Mode

745 Transfer Modes (Normal Transfer Mode/Block Transfer M ode)

There are two transfer modes: normal transfer mode and block transfer mode. When the activation
sourceis an external regquest, either normal transfer mode or block transfer mode can be selected.
When the activation source is an auto request, normal transfer mode is used.

Normal Transfer Mode: In normal transfer mode, transfer of one transfer unit is processed in
response to one transfer request. DM TCR functions as a 24-bit transfer counter.

The TEND signal is output only for the last DMA transfer. The DRAK signa is output each time a
transfer request is accepted and transfer processing is started. Figure 7.7 shows examples of DMA
transfer timing in normal transfer mode.

DMA Last DMA
. transfer cycle . transfer cycle !

TEND : :

(1) Dual address mode, auto request mode

DREQ _l |
omak || L

Bus cycle DMA DMA

DACK | | |_|

(2) Single address mode, external request mode

Figure7.7 Examplesof Timingin Normal Transfer Mode
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Block Transfer Mode: In block transfer mode, the number of bytes, words, or longwords
specified by the block sizeistransferred in response to one transfer request. The upper 8 bits of
DMTCR specify the block size, and the lower 16 bits function as a 16-bit transfer counter. A block
size of 1 to 256 can be specified.

During transfer of ablock, transfer requests for other higher-priority channels are held pending.
When transfer of one block is completed, the bus is released in the next cycle.

Address register values are updated in the same way asin normal mode. Thereis no function for
restoring the initial address register values after each block transfer.

The TEND signal is output for each block transfer in the DMA transfer cycle in which the block
ends. The DRAK signal is output once for one transfer request (for transfer of one block).

Caution is required when setting the repeat area overflow interrupt of the repeat areafunction in
block transfer mode. See section 7.4.6, Repeat Area Function, for details. Block transfer is aborted
if an NMI interrupt is generated. See section 7.4.12, Ending DMA Transfer, for details.

Figure 7.8 shows an example of DMA transfer timing in block transfer mode.

DREQ | |
DRAK | |

One-block transfer cycle

-

Bus cycle X_cPu X cpu X cPU X omac X omac X omac ¥ cru X
: "
CPU cycle not generated !

TEND ; | '

Transfer conditions:
- Single address mode
- Block size (DMTCRJ[23:16]) = 3

Figure7.8 Exampleof Timingin Block Transfer Mode

74.6 Repeat Area Function

The DMAC has afunction for designating a repeat area for source addresses and/or destination
addresses. When arepeat areais designated, the address register values repeat within the range
specified as the repeat area. Normally, when aring buffer isinvolved in atransfer, an operation is
required to restore the address register value to the buffer start address each time the address

register value isthe last address in the buffer (i.e. when ring buffer address overflow occurs), but if
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the repeat areafunction is used, the operation that restores the address register value to the buffer
start address is performed automatically within the DMAC.

The repeat area function can be set independently for the source address register and the
destination address register. The source address repeat areais specified by bits SARA4 to SARAO
in DMACR, and the destination address repeat area by bits DARA4 to DARAO in DMACR. The
size of each repeat area can be specified independently.

When the address register value is the last address in the repeat area and repeat area overflow
occurs, DMA transfer can be temporarily halted and an interrupt request sent to the CPU. If the
SARIE bitin DMACR is set to 1, when the source address register overflows the repeat area, the
IRF bit is set to 1 and the DA bit cleared to 0 in DMMDR, and transfer isterminated. If DIE=1in
DMMDR, an interrupt is requested. If the DARIE bitin DMACR is set to 1, the above applies to
the destination address register.

If the DA bitin DMMDR is set to 1 during interrupt generation, transfer is resumed. Figure 7.9
illustrates the operation of the repeat area function.

When lower 3 bits (8-byte area) of DMSAR are designated as repeat area
(SARA4 to SARAO = 3)

External memory

Range of
DMSAR values
H'23FFFE
H'23FFFF
H'240000 H'240000 Repeated
H'240001 H'240001
H'240002 H'240002
H'240003 H'240003
H'240004 H'240004
H'240005 H'240005
H'240006 H'240006
H'240007 H'240007
T —» Repeat area overflow

H'240008 interrupt can be
H'240009 requested

Figure7.9 Example of Repeat Area Function Operation
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Caution is required when the repeat area overflow interrupt function is used together with block
transfer mode. If transfer is always terminated when repeat area overflow occursin block transfer
mode, the block size must be a power of two, or alternatively, the address register value must be
set so that the end of ablock coincides with the end of the repeat arearange.

If repeat area overflow occurs while a block is being transferred in block transfer mode, the repeat
interrupt request is held pending until the end of the block, and transfer overrun will occur. Figure
7.10 shows an example in which block transfer mode is used together with the repeat area
function.

When lower 3 bits (8-byte area) of DMSAR are designated as repeat area (SARA4 to SARAOQ = 3),
and block size of 5 (DMTCR[23—-16] = 5) is set in block transfer mode

External memory Range of First block Second block
DMSAR values transfer transfer
H'23FFFE
H'23FFFF
H'240000 H'240000 H'240000 H'240000
H'240001 H'240001 H'240001 H'240001 Interrupt
H'240002 H'240002 H'240002 requested
H'240003 H'240003 H'240003
H'240004 H'240004 H'240004
H'240005 H'240005 H'240005
H'240006 H'240006 H'240006
H'240007 H'240007 H'240007
P v¢ Block transfer
H'240008 in progress
H'240009

Figure7.10 Example of Repeat Area Function Operation in Block Transfer Mode
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74.7 Registersduring DMA Transfer Operation

DMAC register values are updated as DMA transfer processing is performed. The updated values
depend on various settings and the transfer status. The following registers and bits are updated:
DMSAR, DMDAR, DMTCR, and hits DA, BEF, and IRFin DMMDR.

DMA Source Address Register (DM SAR): When the DMSAR address is accessed as the
transfer source, after the DMSAR value is output, DMSAR is updated with the address to be
accessed next. Bits SAT1 and SATO in DMACR specify incrementing or decrementing. The
addressis fixed when SAT1 = 0O, incremented when SAT1 = 1 and SATO = 0, and decremented
when SATO = 1.

The size of the increment or decrement is determined by the size of the data transferred. When the
LWSIZE and DTSIZE bitsin DMMDR = 0, the data is byte-size and the address is incremented or
decremented by 1; when LWSIZE = 0 and DTSIZE = 1, the datais word-size and the addressis
incremented or decremented by 2; when LWSIZE = 1 and DTSIZE = 0, the datais longword-size
and the address is incremented or decremented by 4.

When arepeat area setting is made, the operation conforms to that setting. The upper part of the
address set for the repeat areafunction isfixed, and is not affected by address updating.

When DMSAR isread during atransfer operation, alongword access must be used. During a
transfer operation, DM SAR may be updated without regard to accesses from the CPU, and the
correct values may not be read if the upper and lower words are read separately. In alongword
access, the DMAC buffers the DM SAR value to ensure that the correct value is output.

Do not write to DMSAR for a channel on which atransfer operation isin progress.

DMA Destination Address Register (DM DAR): When the DMDAR address is accessed as the
transfer destination, after the DMDAR valueis output, DMDAR is updated with the addressto be
accessed next. Bits DAT1 and DATO in DMACR specify incrementing or decrementing. The
addressis fixed when DAT1 = 0, incremented when DAT1 = 1 and DATO = 0, and decremented
when DATO = 1.

The size of the increment or decrement is determined by the size of the data transferred. When the
LWSIZE and DTSIZE bitsin DMMDR = 0, the data is byte-size and the address is incremented or
decremented by 1; when LWSIZE = 0 and DTSIZE = 1, the datais word-size and the addressis
incremented or decremented by 2; when LWSIZE = 1 and DTSIZE = 0, the datais longword-size
and the addressis incremented or decremented by 4.

When arepeat area setting is made, the operation conforms to that setting. The upper part of the
address set for the repeat areafunction isfixed, and is not affected by address updating.

When DMDAR isread during atransfer operation, alongword access must be used. During a
transfer operation, DMDAR may be updated without regard to accesses from the CPU, and the
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correct values may not be read if the upper and lower words are read separately. In alongword
access, the DMAC buffersthe DMDAR value to ensure that the correct value is output.

Do not write to DMDAR for achannel on which atransfer operation isin progress.

DMA Transfer Count Register (DM TCR): When aDMA transfer is performed, the valuein
DMTCR isdecremented by 1. However, when the DMTCR valueis 0O, transfers are not counted
and the DMTCR value does not change.

DMTCR functions differently in block transfer mode. The upper 8 bits, DMTCR23 to DMTCR16,
are used to specify the block size, and their value does not change. The lower 16 bits, DMTCR15
to DMTCRO, function as atransfer counter, the value of which is decremented by 1 when aDMA
transfer is performed. However, when the DMTCR15 to DMTCRO value is 0, transfers are not
counted and the DMTCR15 to DM TCRO value does not change.

In normal transfer mode, all of the lower 24 bits of DMTCR may change, so when DMTCR is
read by the CPU during DMA transfer, alongword access must be used. During a transfer
operation, DMTCR may be updated without regard to accesses from the CPU, and the correct
values may not be read if the upper and lower words are read separately. In alongword access, the
DMAC buffers the DMTCR value to ensure that the correct value is output.

In block transfer mode, the upper 8 bits are never updated, so there is no problem with using word
access. Do not write to DMTCR for a channel on which atransfer operation isin progress. If there
is contention between an address update associated with DMA transfer and awrite by the CPU,
the CPU write has priority.

In the event of contention between an DMTCR update from 1 to 0 and a write (of a nonzero value)
by the CPU, the CPU write value has priority asthe DMTCR value, but transfer is terminated.
Transfer does not end if the CPU writes 0 to DMTCR.

Figure 7.11 shows DM TCR update operations in normal transfer mode and block transfer mode.
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DMTCR in normal transfer mode

Before update After update
23 0o _ 23 0
Fixed
DMTCR 0 E— 0
23 0 1 23 0
DMTCR 1 to H'FFFFFF E— 0 to H'FFFFFE

DMTCR in block transfer mode

Before update After update
23 16 15 0 Fixed 23 16 15 0
Block €Al [ Block
DMTCR size 0 size 0
23 16 15 0 23 16 15 0
DMTCR Block TtoHFFFF | ——»| Block 0 to HFFFE
size size

Figure7.11 DMTCR Update Operationsin Normal Transfer Mode and
Block Transfer Mode

DA Bit in DMMDR: The DA bitin DMMDR iswritten to by the CPU to control enabling and
disabling of data transfer, but may be cleared automatically by the DMAC due to the DMA
transfer status. There are also periods during transfer when a O-write to the DA hbit by the CPU is
not immediately effective.

Conditions for DA bit clearing by the DMAC include the following:

e When the DMTCR value changes from 1 to 0, and transfer ends

e When arepeat area overflow interrupt is requested, and transfer ends
e When an NMI interrupt is generated, and transfer halts

e A reset

e Hardware standby mode

e When Oiswritten to the DA bit, and transfer halts

When transfer is halted by writing O to the DA bit, the DA bit remains at 1 during the DMA
transfer period. In block transfer mode, since a block-size transfer is carried out without
interruption, the DA hit remains at 1 from the time 0 is written to it until the end of the current
block-size transfer.

In burst mode, transfer is halted for up to three DMA transfers following the bus cycle in which 0
iswritten to the DA bit. The DA bit remains set to 1 from the time of the O-write until the end of
the last DMA cycle. Writes (except to the DA hit) are prohibited to registers of a channel for
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which the DA hit is set to 1. When changing register settings after a O-write to the DA bit, it is
necessary to confirm that the DA bit has been cleared to 0. Figure 7.12 shows the procedure for
changing register settings in an operating channel.

Changing register settings 1. Write 0 to the DA bit in DMMDR.
in operating channel 5 Read the DA bit.
| 3. Confirm that DA = 0. If DA =1, this
Write 0 to DA bit 1 indicates that DMA transfer is in progress.
P 4. Write the required set values to the
- registers.
Read DA bit 2

DA bit = 0?

Yes

Change register settings 4

Register setting
changes completed

Figure7.12 Procedurefor Changing Register Settingsin Operating Channel

BEF Bit in DMMDR: In block transfer mode, the specified number of transfers (equivalent to the
block size) is performed in response to a single transfer request. To ensure that the correct number
of transfersis carried out, a block-size transfer is always executed, except in the event of areset,
transition to standby mode, or generation of an NMI interrupt.

If an NMI interrupt is generated during block transfer, operation is halted midway through a
block-size transfer and the DA bit is cleared to O, terminating the transfer operation. In this case
the BEF bit, which indicates the occurrence of an error during block transfer, isset to 1.

IRF Bit in DMMDR: The IRF bitin DMMDR is set to 1 when an interrupt request source occurs.
If the DIE bitin DMMDR is 1 at thistime, an interrupt is requested. The timing for setting the IRF
bit to 1 iswhen the DA bitin DMMDR is cleared to 0 and transfer ends following the end of the
DMA transfer bus cycle in which the source generating the interrupt occurred.

If the DA bit is set to 1 and transfer is resumed during interrupt handling, the IRF bit is
automatically cleared to 0 and the interrupt request is cleared. For details on interrupts, see section
7.5, Interrupt Sources.
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7.4.8 Channel Priority

The priority of the DMAC channelsis: channel 0 > channel 1 > channel 2> channel 3. Table 7.3
shows the DMAC channel priority.

Table7.3 DMAC Channd Priority

Channel Priority
Channel 0 High
Channel 1

Channel 2

Channel 3 Low

If transfer requests occur simultaneously for a number of channels, the highest-priority channel
according to the priority in table 7.3 is selected for transfer.

Transfer Requests from Multiple Channes (Except Auto Request Cycle Steal Mode): If
transfer requests for different channels are issued during atransfer operation, the highest-priority
channel (excluding the currently transferring channel) is selected. The selected channel begins
transfer after the currently transferring channel releases the bus. If there is a bus request from a bus
master other than the DMAC at thistime, a cycle for the other bus master isinitiated. If thereisno
other bus reguest, the busis released for one cycle.

Channels are not switched during burst transfer or transfer of ablock in block transfer mode.

Figure 7.13 shows an example of the transfer timing when transfer requests occur simultaneously
for channels 0, 1, and 2. The example in the figure is for externa request cycle steal mode.
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Channel 0 transfer Channel 1 transfer Channel 2 transfer
: ) \ : ) \ ' \ :

o

Address bus X X Channel 0 * re%ésse * Channel 1 * re%élsse * Channel 2 X

DMAcontroIX Idlei X Channel 0 X : Channel 1 : X : Channel 2

X i

Channel 0 E Request clearedi / E E E E E

Channel 1 :/ ERequest ESeIected\ Requeét clearedi : / : : : :
f ' held ! ! :

h 12 R t: Not R 1 ] ) . H | H H

Channe / : er?(::gs ' selected! er?eulgs : :Selected:\ Request cleared ! ! !

Figure7.13 Exampleof Channel Priority Timing

Transfer Requests from Multiple Channelsin Auto Request Cycle Steal Mode: If transfer
requests for different channels are issued during atransfer in auto request cycle steal mode, the
operation depends on the channel priority. If the channel that made the transfer request is of higher
priority than the channel currently performing transfer, the channel that made the transfer request
is selected. If the channel that made the transfer request is of lower priority than the channel
currently performing transfer, that channel's transfer request is held pending, and the currently
transferring channel remains selected.

The selected channel begins transfer after the currently transferring channel releases the bus. If
there is a bus request from a bus master other than the DMAC at thistime, a cycle for the other
bus master isinitiated. If there is no other bus request, the busis released for one cycle.

Figure 7.14 shows examples of transfer timing in cases that include auto request cycle steal mode.
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Conditions (1)

Channel 0: Auto request, cycle steal mode
Channel 1: External request, cycle steal mode, low level activation

Bus XChanneI OXZXChannel OXZXChannel OXZXChannel 1X * XChanneI 1X * X
Channel 0 / \
DA bit

Channel 1/ \
DREQ1 pin

Conditions (2)

Channel 1: External request, cycle steal mode, low level activation
Channel 2: Auto request, cycle steal mode

Bus XChanneI ZXEXChannel ZXZXChannel 1XZXChannel ZXZXChannel 1X * XChanneI 1

Channel 1/ \
DREQ2 pin

Channel 2
DA bit / \

Conditions (3)

Channel 0: Auto request, cycle steal mode
Channel 2: Auto request, cycle steal mode

Bus XChanneI ZXZXChannel ZXZXChannel OXZXChannel OXZXChannel 2X *
Channel 0 / \
DA bit

Channel 2

DA bit

*: Bus release

Figure7.14 Examplesof Channd Priority Timing
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7.4.9 DMAC Bus Cycles (Dual Address Mode)

Normal Transfer Mode (Cycle Steal Mode): Figure 7.15 shows an example of transfer when
TEND output is enabled, and word-size, normal transfer mode (cycle steal mode) is performed
from external 16-bit, 2-state access space to external 16-bit, 2-state access space.

DMA read DMA write DMA read DMA write DMA read DMA write

Address bus x x xz:x x &Z:x X x:

RD i R — R — :

' ' ' ' ' 1 (( ! E
HWR : P :SS : P :5’ : R
. ' . . : L : :
LWR ; L] L L L L]
: : Lt : r : , i
TEND : ; R ! R E [
Bus Bus Bus Last transfer Bus
release release release cycle release

Figure7.15 Example of Normal Transfer Mode (Cycle Steal Mode) Transfer

After one byte, word, or longword has been transferred, the busiis released. While the busis
released, at least one CPU bus cycleisinitiated.

Normal Transfer Mode (Burst M ode): Figure 7.16 shows an example of transfer when TEND
output is enabled, and word-size, normal transfer mode (burst mode) is performed from external
16-hit, 2-state access space to external 16-hit, 2-state access space.
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_DMA read DMA write DMA read DMA write. DMA read DMA write
-~ s

Address bus X X X X X X X:

- -
Bus Last transfer cycle | Buys
release > release

Burst transfer

Figure7.16 Exampleof Normal Transfer Mode (Burst Mode) Transfer

In burst mode, one-byte, one-word, or one-longword transfers are executed continuously until
transfer ends. Once burst transfer starts, requests from other channels, even of higher priority, are
held pending until transfer ends.

If an NMI interrupt is generated while a channel designated for burst transfer is enabled for
transfer, the DA bit is cleared and transfer is disabled. If aburst transfer has already been initiated
within the DMAC, the busis released on completion of the currently executing byte or word
transfer, and burst transfer is aborted. If the last transfer cycle in burst transfer has been initiated
within the DMAC, transfer is executed to the end even if the DA bit is cleared.

Normal Transfer Mode (Cycle Steal Mode: Transfer Sourceis USB): Figure 7.17 shows an
example of transfer when USB transfer is enabled, and word-size, normal transfer mode (cycle
steal mode) is performed from the FIFO in the USB to external 16-bit, 2-state access space.

E DMA read DMA write Bus release DMA read DMA write Bus release DMA read DMA write
P

¢ MU AU MU L UL UL

Address bus__{__UsB_ ¥ G h( VS IX—S‘ N UsE Y\ o X
USB read I I I ) : I I 4 I I I
(internal signal) . |—l : 1 1 |—| :

AWR . 1 |§ f— 1 |§ i y M
R E I R 1 1 I
TEND i i —— i — | r

Figure7.17 Example of Normal Transfer Mode (Cycle Steal Mode) Transfer
(Transfer Source: USB)
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After one byte, word, or longword has been transferred, the busis released. While the busis
released, at least one CPU bus cycleisinitiated.

Normal Transfer Mode (Cycle Steal Mode: Transfer Destination is USB): Figure 7.18 shows
an example of transfer when USB transfer is enabled, and word-size, normal transfer mode (cycle
steal mode) is performed from external 16-hit, 2-state access space to the FIFO in the USB.

Bus Bus
'DMA read'DMA write: release 'DMA read:DMA write release DMA read:DMA write;
P

0 M e e e
Address bus ey 3( uUsB X 3( X Eoma X uUsB X ( Bderna A UsB

: L : E :
RD : I_I L I_I : )

: : P : Lo : I
USBwite ——————1 [T , —— , :
(internal signal) . , , , , |—| : | h |—r:_

; : L« : : I . ' ,
TEND e

Figure7.18 Example of Normal Transfer Mode (Cycle Steal Mode) Transfer
(Transfer Destination: USB)

After one byte, word, or longword has been transferred, the busis released. Whilethe busis
released, at least one CPU bus cycleisinitiated.

Block Transfer Mode (Cycle Steal Mode): Figure 7.19 shows an example of transfer when
TEND output is enabled, and word-size, block transfer mode (cycle steal mode) is performed from
external 16-bit, 2-state access space to externa 16-bit, 2-state access space.

DMA DMA DMA DMA Bus DMA DMA DMA DMA
read write read write release read write read write

o MnnnnAnnnAnnnnnn
Address bus X X X X m Ix j x !

FD LI ey I R N B N
Fv L L
WR | i L L -
TEND E | i 5 " | i 5 —

Figure7.19 Exampleof Block Transfer Mode (Cycle Steal M ode) Transfer
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Oneblock istransferred in response to one transfer request, and after the transfer, the busis
released. While the busis released, one or more CPU bus cycles areinitiated.

DREQ Pin Falling Edge Activation Timing: Figure 7.20 shows an example of normal mode
transfer activated by the DREQ pin falling edge.

Bus release DMA read DMA write Bus release DMA read DMA write Bus release
PP

i 1 1 N 1 1
SBER H T T T ! T () T T
DREQ _\ L] / )Ll b L / \ L / b)) ) . L / 1
T NS JA] 1 1 0y N3 1 1
: ! ! : DR ! :
Address bus ' :: x :: xTransfersourcex dTgﬁrali ngf.]iegrn l N '* Y Transfer source! Trmsft{i&rn !
: NN : ! N ! !
l DL )L L L L ) L L
DMA control Il . JRead] Writer f Idle . . JRead] Writes | Idie .
' «© (G ' ' © ] ' '
Channel '/ RequestQ—( ,Request clearance period /' RequestF( “Fltequest clearance period |
[ e 1 - - 1 1
+ Minimum 3 cycles I + Minimum 3 cycles. '
! ' - ! !
1 2] [3] [4] (5] [6] (7]
Acceptance Acceptance
resumed resumed

[1] Acceptance after transfer enabling; DREQ pin low level is sampled at rise of ¢, and request is held.

[2], [5] Request is cleared at end of next bus cycle, and activation is started in DMAC.

[3], [6] DMA cycle start; DREQ pin high level sampling is started at rise of ¢.

[4], [71 When DREQ pin high level has been sampled, acceptance is resumed after completion of write cycle.
(As in [1], DREQ pin low level is sampled at rise of ¢, and request is held.)

Figure7.20 Example of Normal Mode Transfer Activated by DREQ Pin Falling Edge

DREQ pin sampling is performed in each cycle starting at the next rise of ¢ after the end of the
DMMDR write cycle for setting the transfer-enabled state.

When alow level is sampled at the DREQ pin while acceptance viathe DREQ pin is possible, the
request is held within the DMAC. Then when activation is initiated within the DMAC, the request
is cleared, and DREQ pin high level sampling for edge sensing is started. If DREQ pin high level
sampling is completed by the end of the DMA write cycle, acceptance resumes after the end of the
write cycle, and DREQ pin low level sampling is performed again; this sequence of operationsis
repeated until the end of the transfer.

Figure 7.21 shows an example of block transfer mode transfer activated by the DREQ pin falling
edge.
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One block transfer . One block transfer
-

Bus release + DMAread DMA write ; Bus release ' DMAread DMA write E Bus release
- ...
0 MWL e
! n Nt ! ' N D)y Nt !
BREA H (s (s (g ' T (s (s
oRea T\ [, ot L H—H | !
. e o' ! ! N Nt ! :
Address bus . N “ o *Transfersourﬁ"e' ;T: riali rr]lsgf]?;rn * :: x :: xTransfersour:;:e* Ti riali p‘s:fl(ie;rn u
_|_el : 0 : : 0 : 1 : L i
. N N L M Lt u N :
DMA control Idle ' fRéadx Write 1 ) Idle) | X:Readx Write '+ Y ldle;
| g T (@ T (s (o (G T
Channel / Request :‘ - :I::{:equest cleai‘sa.nce perlodr '/ Request s - F“l“equest clearf?ce period VE
I Minimum 3 cycles! : | Minimum 3 cycles! ' '
- ' " ' '
(1] 2 3] (4] 51 [6] [7]
Acceptance Acceptance
resumed resumed
[1] Acceptance after transfer enabling; DREQ pin low level is sampled at rise of ¢, and request is held.

[2], [6] Request is cleared at end of next bus cycle, and activation is started in DMAC.

[3], [6] DMA cycle start; DREQ pin high level sampling is started at rise of ¢.

[4], [71 When DREQ pin high level has been sampled, acceptance is resumed after completion of dead cycle.
(As in [1], DREQ pin low level is sampled at rise of ¢, and request is held.)

Figure7.21 Exampleof Block Transfer Mode Transfer Activated
by DREQ Pin Falling Edge

DREQ pin sampling is performed in each cycle starting at the next rise of ¢ after the end of the
DMMDR write cycle for setting the transfer-enabled state.

When alow level issampled at the DREQ pin while acceptance viathe DREQ pin is possible, the
request is held within the DMAC. Then when activation is initiated within the DMAC, the request
is cleared, and DREQ pin high level sampling for edge sensing is started. If DREQ pin high level
sampling is completed by the end of the DMA write cycle, acceptance resumes after the end of the
write cycle, and DREQ pin low level sampling is performed again; this sequence of operationsis
repeated until the end of the transfer.

DREQ Pin Low Level Activation Timing: Figure 7.22 shows an example of horma mode
transfer activated by the DREQ pin low level.
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Bus release DMA read DMA write Bus release DMA read DMA write Bus release

DREQ —\

Address bus

). 2 2 N

h h
0 |
L{$ 4 4 149
N x N xTransfer source x dTe Eraf "nsaffgrn l x -xTransfer sourcex dTg ﬁra.f nﬂsﬁfﬁn l
- d d d

h)
; DI : : Y : :
DMA control _Idle ¢ fRéad) Write 1 ) ldle . . fRead) Write : | Idie .
(t [(¢

)
] Gy ] ] ] (S ] ]
Channel '/ Request .‘ ,Request clearance period /' Request'-( “Rfequest clearance period |
- - T -

i Minimum 3 cycles | : 1 Minimum 3 cycles ! : 1
——————————p! ——————

(1 2 @ (4] [5] [6] [71

Acceptance Acceptance
resumed resumed
[1] Acceptance after transfer enabling; DREQ pin low level is sampled at rise of ¢, and request is held.

[2], [6] Request is cleared at end of next bus cycle, and activation is started in DMAC.
[3],[6] DMA cycle is started.
[4], [7]1 Acceptance is resumed after completion of write cycle.

(As in [1], DREQ pin low level is sampled at rise of ¢, and request is held.)

Figure7.22 Example of Normal Mode Transfer Activated by DREQ Pin Low Level

DREQ pin sampling is performed in each cycle starting at the next rise of ¢ after the end of the
DMMDR write cycle for setting the transfer-enabled state.

When alow level is sampled at the DREQ pin while acceptance viathe DREQ pin is possible, the
request is held within the DMAC. Then when activation is initiated within the DMAC, the request
is cleared. At the end of the write cycle, acceptance resumes and DREQ pin low level sampling is
performed again; this sequence of operationsis repeated until the end of the transfer.

Figure 7.23 shows an example of block transfer mode transfer activated by the DREQ pin low
level.
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One block transfer __ One block transfer

Bus release . DMAread DMA write, Bus release DMA read DMA write | Bus release
-

0 MUy UL e

' o il N ! o N nE .
DREQ [ N \ o/ NN N ]

T LA A : r ] o T L :

. N ! et ! Nt L = !
Address bus \ l‘: :: XTransfer sour‘&e%_x :‘ l ‘:_xTransfersourg‘e-‘ T: "ia!- nsifter 'I

: T LS T 1 A : 143 : Wy [

: P o ! R o :
DMA control Idle . YRead) Write )\ lIdle | i Y Readf Write | Y lIdle |

| (@2 (o T g [ T
Channel '/ Request s Request clearance period :/ Request s Request clearance period E

' L) J) B L )i

' ey L - N e o H

! Minimum 3 cycles ! ! + Minimum 3 cycles; I I

- ! D ] ' '

[1] [21 3] [4] (5] [6] [7]

Acceptance Acceptance
resumed resumed

[1] Acceptance after transfer enabling; DREQ pin low level is sampled at rise of ¢, and request is held.
[2], [6] Request is cleared at end of next bus cycle, and activation is started in DMAC.
[3], [6] DMA cycle is started.
[4], [7] Acceptance is resumed after completion of dead cycle.
(As in [1], DREQ pin low level is sampled at rise of ¢, and request is held.)

Figure7.23 Example of Block Transfer Mode Transfer Activated by DREQ Pin Low Level

DREQ pin sampling is performed in each cycle starting at the next rise of ¢ after the end of the
DMMDR write cycle for setting the transfer-enabled state.

When alow level is sampled at the DREQ pin while acceptance viathe DREQ pin is possible, the
request is held within the DMAC. Then when activation isinitiated within the DMAC, the request
is cleared. At the end of the write cycle, acceptance resumes and DREQ pin low level sampling is
performed again; this sequence of operationsis repeated until the end of the transfer.
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7410 DMAC BusCycles(Single Address Mode)

Single Address M ode (Read): Figure 7.24 shows an example of transfer when TEND output is
enabled, and byte-size, single address mode transfer (read) is performed from external 8-bit, 2-
state access space to an external device.

DMA read DMA read DMA read DMA read
N mwwm
Address bus X &2 “ &2 ;( &2 x x

RD

—ﬁ—r‘ﬁ i

—

— .<—>. - .-
Bus release Bus release Bus release Bus release Last Bus release
transfer
cycle

)
; .

Figure7.24 Example of Single Address Mode (Byte Read) Transfer

Figure 7.25 shows an example of transfer when TEND output is enabled, and word-size, single
address mode transfer (read) is performed from external 8-bit, 2-state access space to an external
device.

DMA read _ ‘ DMA read _ DMA read .
0 gligigigigipigigigigiuigigigigigh
Address bus X

) G A X

S N N e I I N R
i I e N o

-

DACK T

H L . i :
TEND : Hr— e

1 1 1 1 1 -
Bus release Bus release Bus release  Last transfer cycle  Bus
release

Figure7.25 Example of Single Address Mode (Word Read) Transfer

After one byte or word has been transferred in response to one transfer request, the busis released.
While the bus is released, one or more CPU bus cycles are initiated.
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Figure 7.26 shows an example of transfer when TEND output is enabled, and longword-size,
single address mode transfer (read) is performed from external 16-bit, 2-state access space to an
external device.

DMA read DMA read DMA read

¢ «—» n———T g

Address bus X X )@:X X 9@:)( X X:
G S SN N SNy Ny N
TEND ! i(’(’ (’(’_| —

Figure7.26 Example of Single Address Maode (Longword Read) Transfer

Single Address Mode (Write): Figure 7.27 shows an example of transfer when TEND output is
enabled, and byte-size, single address mode transfer (write) is performed from an externa device
to external 8-bit, 2-state access space.

DMA write DMA write DMA write DMA write
e ———————— P r——————-

Address bus iX x:::x xz::x :@Zix t

WR : 5)) , E)) , i)) : .
DACK | |5§_'—| |-S$——| r“ | |
TEND i H— = s N

— r—— - P

Bus release Bus release Bus release Bus release Last Bus release
transfer
cycle

Figure7.27 Example of Single Address Maode (Byte Write) Transfer

Figure 7.28 shows an example of transfer when TEND output is enabled, and word-size, single
address mode transfer (write) is performed from an external device to external 8-bit, 2-state access
space.
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_ DMA write _ p DMA write _ p DMA write

e MU e
Address bus X X )@:}( X )@:X X X:
LWR ! ‘

DACK | [] |'55_| [ |'55_'_| [] |_
TEND L S(’_| -

Bus release Bus release Bus release  Last transfer cycle  Bus
release

Figure7.28 Example of Single AddressMode (Word Write) Transfer

After one byte or word has been transferred in response to one transfer request, the busiis released.
While the busis released, one or more CPU bus cycles are initiated.

Figure 7.29 shows an example of transfer when TEND output is enabled, and longword-size,
single address mode transfer (write) is performed from an external deviceto external 16-bit, 2-
state access space.

DMA write DMA write DMA write

- -
Bus Bus Bus Last transfer cycle ' Bus
release release release release

Figure7.29 Example of Single Address Mode (Longword Write) Transfer
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DREQ Pin Falling Edge Activation Timing: Figure 7.30 shows an example of single address
mode transfer activated by the DREQ pin falling edge.

Bus release DMA single Bus release DMA single Bus release
6 I I I I I I I I I
' b b ' Nt )
DREQ Y A R A W AN N l'
T l\ | ll | 1\ | 1Y |
Address bus ' ¢ (& ¥ Transfer source/ it Transfersource/
_-_M—eJJwLK—e
DACK : : 1] : : |_|
: 2 - ) ; ; 2 -
DMA control  Idle . mglex Idle x)Smglex Idle
: Request Request i
Channel Request \ clearance perlod/ Request clearance period,
' Minimum 3 cycles i ' Minimum 3 cycles i i
! ! !
1] 2] [3] [4] 5] [6] [7]
Acceptance Acceptance
resumed resumed
[1] Acceptance after transfer enabling; DREQ pin low level is sampled at rise of ¢, and request is held.

[2], [5] Request is cleared at end of next bus cycle, and activation is started in DMAC.

[3], [6] DMA cycle start; DREQ pin high level sampling is started at rise of ¢.

[4], [71 When DREQ pin high level has been sampled, acceptance is resumed after completion of single cycle.
(As in [1], DREQ pin low level is sampled at rise of ¢, and request is held.)

Figure7.30 Example of Single AddressMode Transfer Activated
by DREQ Pin Falling Edge

DREQ pin sampling is performed in each cycle starting at the next rise of ¢ after the end of the
DMMDR write cycle for setting the transfer-enabled state.

When alow level is sampled at the DREQ pin while acceptance viathe DREQ pin is possible, the
request is held within the DMAC. Then when activation isinitiated within the DMAC, the request
iscleared, and DREQ pin high level sampling for edge sensing is started. If DREQ pin high level
sampling is completed by the end of the DMA single cycle, acceptance resumes after the end of
the single cycle, and DREQ pin low level sampling is performed again; this sequence of
operations is repeated until the end of the transfer.
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DREQ Pin Low Level Activation Timing: Figure 7.31 shows an example of single address mode
transfer activated by the DREQ pin low level.

Bus release DMA single Bus release DMA single Bus release

' I‘MJ‘L,,J‘IJ‘LFIJ‘L,J‘L,,J‘IJ‘LI‘L

DREQ Y AN \ S [
: tH—H : i :
N N : N SN .
Address bus T u ¥ Transfer source « (" ¥ Transfer source/
! ) .x ) .x destination .x - J !
DACK ; ] [ R
TN S Ly SR
DMA control Idle I ingle] Idle I Einglex Idle
; C A “Request o (;_:(( “Request o
Channel J/ Request ! clearance period / Requeste ) flﬁarance pemﬁ:l.
E Minimum 3 éycles | Minimum 3 éycles | i
-—————————p! - '
(1 2] 3 (4] (5] [6] [7]
Acceptance Acceptance
resumed resumed
[1] Acceptance after transfer enabling; DREQ pin low level is sampled at rise of ¢, and request is held.

[2], [6] Request is cleared at end of next bus cycle, and activation is started in DMAC.
[3], [6] DMA cycle is started.
[4], [7] Acceptance is resumed after completion of single cycle.

(As in [1], DREQ pin low level is sampled at rise of ¢, and request is held.)

Figure7.31 Exampleof Single AddressMode Transfer Activated by DREQ Pin Low Level

DREQ pin sampling is performed in each cycle starting at the next rise of ¢ after the end of the
DMMDR write cycle for setting the transfer-enabled state.

When alow level is sampled at the DREQ pin while acceptance viathe DREQ pin is possible, the
request is held within the DMAC. Then when activation is initiated within the DMAC, the request
iscleared. At the end of the single cycle, acceptance resumes and DREQ pin low level sampling is
performed again; this sequence of operationsis repeated until the end of the transfer.
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7411 Examplesof Operation Timingin Each Mode

Examples of operation timings for various conditions in each mode are shown. The contention
with other bus master is described by using the CPU external bus cycle as an example.

Auto Request/Cycle Steal Mode/Normal Transfer Mode: When the DA bitissetto lin
DMMDR, an DMA transfer cycleis started aminimum of three cycleslater. Thereis aone-cycle
bus release interval between the end of a one-transfer-unit DMA cycle and the start of the next
transfer.

If thereis atransfer request for another channel of higher priority, the transfer request by the
original channel is held pending, and transfer is performed on the higher-priority channel from the
next transfer. Transfer on the original channel is resumed on completion of the higher-priority
channel transfer.

Figures 7.32 to 7.34 show operation timing examples for various conditions.

¢ No contention/dua address mode (see figure 7.32)
e CPU cycles/single address mode (see figure 7.33)
o Contention with another channel/single address mode (see figure 7.34)

¢ pin
\ \ \ \ \ . . \ \ \ \
' ' \ 3 cycles H ' ' ' 1 cycle ! ! ! ' \ Last transfer cycle
i i |<—.—.—> i i i i i i i >
! ! y ! DMA DMA DMA ! DMA DMA DMA
Bus cycle X . Busrelease | read A write read _/\__ write X' ; read J\ write
[ — T el T el
1 1 1 1 1 1 1 release 1 1 1 i release 1 1
. H . . . . . . . . .
gr'):el:ation X DA =1 S oo o

X KN SN IR e

Figure7.32 Auto Request/Cycle Steal Mode/Normal Transfer Mode
(No Contention/Dual Address M ode)
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o pin

' ' 11 bus cycle} ' ' ' | Last transfer cycle ' '

' ! DMA single DMA single ' DMA single '
Bus cycle XCPU cycIeX transfer cygcle CPU cycle transfer cgcle XCPU cyclex transfer cygcle CPU cydle:

Y W J j j j A j j j Y j j j A )
CPU Yy CPU .x . . . . I j \
operation :X- access | ! CPU access ! ! CPU access ! ! CPU access ! !

T , , T h , h ——
DACK i : : : i i i
\ \ \ \ : \ \
TEND h h h h h h , , , , h H h , ,
Figure7.33 Auto Request/Cycle Steal Mode/Normal Transfer M ode
(CPU Cycles/Single Address M ode)

¢ pin

; 1 cyclé ; ; E 1 cyclé E ; E E E E 1 cyclé E E E

v DMA DMA DMA : - DMA
Bus cycle Xsingle cycle ingle cycle; single cycle Higher-priority channel DMA cycle single cycle,

\ \ Bus . \Bus | . Bus . . . . . . Bus \Bus |

' ' release ' 1release ' release ' ' ' ' ' ' release ' 1release
Current & : — : : . : . . . . . . .
channel 1\ | _\: [\ C o \: [
DACK | : ( : ' : ' ' ' ' ' ' : '
Other H , h | i . . . . . .
channel |} \ : : / Lo o :
transfer ' ' ' ' ' ' ' ' ' ' ' ' ' '
request i j j j j i i i i i i i i i
(DREQ) . , , , , : : : :

Figure7.34 Auto Request/Cycle Steal Mode/Normal Transfer Mode
(Contention with Another Channel/Single Address M ode)

Auto Request/Burst Mode/Normal Transfer Mode: When the DA bitissetto 1in DMMDR, an

DMA transfer cycleis started a minimum of three cycles later. Once transfer is started, it

continues (as a burst) until the transfer end condition is satisfied.

Transfer requests for other channels are held pending until the end of transfer on the current

channel.
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Figures 7.35 to 7.37 show operation timing examples for various conditions.

e CPU cycles/dual address mode (see figure 7.35)
e CPU cycles/single address mode (see figure 7.36)
e Contention with another channel/dual address mode (see figure 7.37)

6 pin

Bus cycle

CPU

operation |
h

TEND

DA bit

\ \ \
Last transfer cycle

. . . . . - : —> . .
DMA DMA DMA DMA DMA ! DMA

XCPU cycle \CPU cycIeX read write J read X write X Repeatedx read A write |A\CPY cyclel

Y ! . Y . | . h . . . ! | | | A h

cPu NV cpPu | j j j j j j j j j j \

access !\ access 'x CPU access . . . . : \ | | | : .

. . . . . . . . . . . . — . .

. . . . . . . . . . . . . . . 0. .

Figure7.35 Auto Request/Burst Mode/Normal Transfer Mode

(CPU Cycles/Dual Address Mode)

o pin

Bus cycle

CPU

operation
|

DACK

E E I I ! I : :Lbus cyclg: ; i E Last‘tranlsferiycle E 1
;XCPLI' Cydel CPL; CyCIeXS|nglyé/cleXsmglyglcle CPUIcycIe inngg,lcl;cleXsmgle cycIeXCF'U cycle singllyc/?/cle CPU cyclei
R [ ' R ' o
ag;gs I ag:fegs ; CPIU acctless i i : ECPU :Iaccessli : i agi%Li
RN S IS A Iy
Lo : : Lo '

Figure7.36 Auto Request/Burst Mode/Normal Transfer Mode

(CPU Cycles/Single Address Mode)
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o pin

! ! ! ! ! | ! | Last transfer 1 cycle ! ! ! ! ! !
' ' ' ' ' ' l— cycle — ] ' ' ' ' ' ' '

! ! DMA smgle DMA single DMA smgle ! Bus !
Bus cycle X Bus release X transfer cycle X transfer cycle transfer cycle Other channel DMA cycle release

Bus
release

Original ——t—t— | | . Lo —
channel ! i \ b /_\ b [_\ Lo oo
DACK | & 1 b L — A

Original |
channel
TEND | | | | | i i i . . f i i i i i i i

Other ——t—t—— 1 | i I Do et
chamnel D boobon o\ Do [i b
tansfer 11— — A
request | | | | | | | | | | | | | | | | |
e T A T b A

Figure7.37 Auto Request/Burst Mode/Normal Transfer Mode
(Contention with Another Channel/Single Address M ode)

External Request/Cycle Steal Mode/Normal Transfer Mode: In external request mode, an
DMA transfer cycleis started a minimum of three cycles after atransfer request is accepted. The
next transfer request is accepted after the end of a one-transfer-unit DMA cycle. For external bus
space CPU cycles, at least two bus cycles are generated before the next DMA cycle.

If atransfer request is generated for another channel, an DMA cycle for the other channel is
generated before the next DMA cycle.

The DREQ pin sensing timing is different for low level sensing and falling edge sensing. The
same applies to transfer request acceptance and transfer start timing.

Figures 7.38 to 7.41 show operation timing examples for various conditions.

¢ No contention/dual address mode/low level sensing (see figure 7.38)

e CPU cycles/single address mode/low level sensing (see figure 7.39)

¢ No contention/single address mode/falling edge sensing (see figure 7.40)

e Contention with another channel/dual address mode/low level sensing (see figure 7.41)
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. . . . . . . . . ' 3cycles | Lasttransfercycle | . . . .
! ! ! DMA DMA DMA DMA
Bus cycle :.X ! Bus release ' tead A write Bus release read write ( + Bus release '
— T T T T T T T h h h —r—
TEND 0 o
DA bit X 1. . . . . . . . . . . . . 0. . . 1

Figure7.38 External Reguest/Cycle Steal Mode/Normal Transfer Mode
(No Contention/Dual Address M ode/Low Level Sensing)

, , A A A A A A A A H 12 bus cycles | Last transfer cycle | i i

' DMA single ) DMA single '
Bus cycle :XCPU. cycle CPQ cycle CPU. cycIeX transfer cycle CPU. cycleXCPl{ cycle transfer cycle CPU, cycle:
CPU R CPU | CPU | CPU ) ' ' h CPU ' ' '
operation X access i\ access | accessX CPU access | 1 X access |[f\ CPUaccess | i i
o T\ T T
W 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 : :

Figure7.39 External Reguest/Cycle Steal Mode/Normal Transfer Mode
(CPU Cycles/Single Address Mode/L ow L evel Sensing)
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Figure7.41 External Request/Cycle Steal M ode/Normal Transfer Mode
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External Request/Cycle Steal Mode/Block Transfer Mode: In block transfer mode, transfer of
one block is performed continuously in the same way as in burst mode. The timing of the start of
the next block transfer is the same as in normal transfer mode. If atransfer request is generated for
another channel, an DMA cycle for the other channel is generated before the next block transfer.
The DREQ pin sensing timing is different for low level sensing and falling edge sensing. The
same applies to transfer request acceptance and transfer start timing.

Figures 7.42 to 7.45 show operation timing examples for various conditions.

No contention/dual address mode/low level sensing (see figure 7.42)

No contention/single address mode/falling edge sensing (see figure 7.43)

CPU cycles/single address mode/low level sensing (see figure 7.44)

Contention with another channel/dual address mode/low level sensing (see figure 7.45)
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(No Contention/Dual Address M ode/Low Level Sensing)

Figure7.42 External Request/Cycle Steal M ode/Block Transfer Mode
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74.12 Ending DMA Transfer

The operation for ending DMA transfer depends on the transfer end conditions. When DMA
transfer ends, the DA hit in DMMDR changes from 1 to 0, indicating that DMA transfer has
ended.

Transfer End by 1 — 0 Transition of DMTCR: When the value of DMTCR changes from 1 to
0, DMA transfer ends on the corresponding channel and the DA bitin DMMDR iscleared to O. If
the TCEIE bitin DMMDR is set at thistime, atransfer end interrupt request is generated by the
transfer counter and the IRF bitin DMMDR isset to 1.

In block transfer mode, DMA transfer ends when the value of bits 15 to 0 in DMTCR changes
from1to 0.

DMA transfer does not end if the DM TCR value has been 0 since before the start of transfer.

Transfer End by Repeat Area Overflow Interrupt: If an address overflows the repeat area
when arepeat area specification has been made and repeat interrupts have been enabled (with the
SARIE or DARIE bit in DMACR), arepeat area overflow interrupt is requested. DMA transfer
ends, the DA bitin DMMDR is cleared to 0, and the IRF bitin DMMDR is set to 1.

In dual address mode, if arepeat area overflow interrupt is requested during aread cycle, the
following write cycle processing is still executed.

In block transfer mode, if arepeat area overflow interrupt is requested during transfer of ablock,
transfer continues to the end of the block. Transfer end by means of arepeat area overflow
interrupt occurs between block-size transfers.

Transfer End by 0-Writeto DA Bit in DMMDR: When 0 is written to the DA bitin DMMDR
by the CPU, etc., transfer ends after completion of the DMA cycle in which transfer isin progress
or atransfer request was accepted.

In block transfer mode, DMA transfer halts after completion of one-block-size transfer.

The DA bitin DMMDR is not cleared to O until all transfer processing has ended. Up to that point,
the value of the DA bit will be read as 1.

Transfer Abort by NMI Interrupt: DMA transfer is aborted when an NMI interrupt is
generated. The DA hitiscleared to 0 in all channels. In external request mode, DMA transfer is
performed for all transfer requests for which DRAK has been output. In dual address mode,
processing is executed for the write cycle following the read cycle.

In block transfer mode, operation is aborted even in the middle of a block-size transfer. Asthe
transfer is halted midway through ablock, the BEF bit in DMMDR is set to 1 to indicate that the
block transfer was not carried out normally.
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When transfer is aborted, register values are retained, and as the address registers indicate the next
transfer addresses, transfer can be resumed by setting the DA bitto 1in DMMDR. If the BEF bit
is1in DMMDR, transfer can be resumed from midway through a block.

Hardwar e Standby M ode and Reset Input: The DMAC isinitialized in hardware standby mode
and by areset. DMA transfer is not guaranteed in these cases.

74.13 Relationship between DMAC and Other BusMasters

Theread and write operationsin a DMA transfer cycle areindivisible, and arefresh cycle or
internal bus master (CPU) access cycle never occurs between the two.

When read and write cycles occur consecutively, asin burst transfer or block transfer, arefresh
may be inserted after the write cycle. Asthe CPU has lower priority than the DMAC, the CPU
access is not executed until the DMAC releases the bus.

The DMAC releases the bus in the following cases:

When DMA transfer is performed in cycle steal mode
When switching to a different channel

When transfer ends in burst transfer mode

When transfer of one block endsin block transfer mode

A w DN PR

7.5 Interrupt Sources

DMAC interrupt sources are atransfer end indicated by the transfer counter, and repeat area
overflow interrupts. Table 7.4 shows the interrupt sources and their priority.

Table7.4 Interrupt Sourcesand Priority Order

Interrupt Interrupt source Interrupt Priority
DMTENDO Transfer end indicated by channel 0 transfer counter High
Channel 0 source address repeat area overflow A

Channel 0 destination address repeat area overflow

DMTEND1 Transfer end indicated by channel 1 transfer counter
Channel 1 source address repeat area overflow
Channel 1 destination address repeat area overflow

DMTEND2 Transfer end indicated by channel 2 transfer counter
Channel 2 source address repeat area overflow
Channel 2 destination address repeat area overflow

DMTEND3 Transfer end indicated by channel 3 transfer counter
Channel 3 source address repeat area overflow
Channel 3 destination address repeat area overflow Low
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Interrupt sources can be enabled or disabled by means of the DIE bit in DMMDR for the relevant
channel, and can be sent to the interrupt controller independently.

Therelative priority of the channelsis determined by the interrupt controller (see table 7.4). Figure
7.46 shows the transfer end interrupt logic. A transfer end interrupt is generated whenever the DIE
bit is set to 1 while the IRF bit isset to 1 in DMMDR.

Transfer end interrupt

Figure7.46 Transfer End Interrupt Logic

Interrupt source settings are made individually with the interrupt enable bitsin the registers for the
relevant channels. The transfer counter's transfer end interrupt is enabled or disabled by means of
the TCEIE bit in DMMDR, the source address register repeat area overflow interrupt by means of
the SARIE bit in DMACR, and the destination address register repeat area overflow interrupt by
means of the DARIE bit in DMACR. When an interrupt source occurs while the corresponding
interrupt enable bit is set to 1, the IRF bit in DMMDR is set to 1. The IRF bit is set by all interrupt
sources indiscriminately.

Thetransfer end interrupt can be cleared either by clearing the IRF bit to 0 in DMMDR within the
interrupt handling routine, or by re-setting the transfer counter and address registers and then
setting the DA bit to 1 in DMMDR to perform transfer continuation processing.

An example of the procedure for clearing the transfer end interrupt and restarting transfer is shown
in figure 7.47.
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(1]
(2]

(3]
(4]
(5]

(6]
(7]

Transfer end interrupt
exception handling routine

Transfer continuation
processing

Change register settings

Write 1 to DA bit

End of interrupt handling
routine

(RTE instruction execution)

End of transfer restart
processing

(1]

(2]

(3]

Transfer restart after end
of interrupt handling routine

Clear IRF bitto 0 [4]

End of interrupt handling

routine 5]

Change register settings | [6]

Write 1 to DA bit [7]

!

C

End of transfer restart
processing

Write set values to the registers (transfer counter, address registers, etc.).

Write 1 to the DA bit in DMMDR to restart DMA operation. When 1 is written to the DA bit, the
IRF bitin DMMDR is automatically cleared to 0 and the interrupt source is cleared.

The interrupt handling routine is ended with an RTE instruction, etc.
Clear the IRF bit to 0 in DMMDR by first reading 1 from it, then writing 0.

After the interrupt handling routine is ended with an RTE instruction, etc., interrupt masking is

Write set values to the registers (transfer counter, address registers, etc.).
Write 1 to the DA bit in DMMDR to restart DMA operation.

Figure7.47 Example of Procedurefor Restarting Transfer on Channel in which Transfer
End Interrupt Occurred
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7.6 Usage Notes

DMAC Register Accessduring Operation: Except for clearing the DA bitto 0in DMMDR,
settings should not be changed for a channel in operation (including the transfer standby state).
Transfer must be disabled before changing a setting for an operational channel.

Module Stop State: When the DMACKSTP bitisset to 1in MSTPCR, the DMAC clock stops
and the DMAC enters the modul e stop state. However, 1 cannot be written to the DMACK STP hit
when any of the DMAC's channelsis enabled for transfer, or when an interrupt is being requested.
Before setting the DMACKSTP hit, first clear the DA bit in DMMDR to 0, then clear the IRF or
DIE bitin DMMDR to 0.

When the DMAC clock stops, DMAC registers can no longer be accessed. The following DMAC
register settings remain valid in the module stop state, and so should be changed, if necessary,
before making the module stop transition.

e TENDE=1inDMMDR (TEND pin enable)
e DRAKE=1inDMMDR (DRAK pin enable)
e AMS=1inDMMDR (DACK pin enable)

DREQ Pin Falling Edge Activation: Falling edge sensing on the DREQ pin is performed in
synchronization with DMAC internal operations, asindicated below.

[1] Activation request standby state: Waits for low level sensing on DREQ pin, then goesto [2].
[2] Transfer standby state: Waits for DMAC data transfer to become possible, then goesto [3].
[3] Activation request disabled state: Waits for high level sensing on DREQ pin, then goesto [1].

After DMAC transfer is enabled, the DMAC goes to state [1], so low level sensing is used for the
initial activation after transfer is enabled.

Activation Source Acceptance: At the start of activation source acceptance, low level sensing is
used for both falling edge sensing and low level sensing on the DREQ pin. Therefore, arequest is
accepted in the case of alow level at the DREQ pin that occurs before execution of the DMMDR

write for setting the transfer-enabled state.

When the DMAC is activated, make sure, if necessary, that alow level does not remain at the
DREQ pin from the previous end of transfer, etc.

Enabling Interrupt Requestswhen IRF = 1in DMMDR: When transfer is started while the IRF
bitissetto 1in DMMDR, if the DIE bit is set to 1 in DMMDR together with the DA bit in
DMMDR, enabling interrupt requests, an interrupt will be requested since DIE =1 and IRF = 1.
To prevent the occurrence of an erroneous interrupt request when transfer starts, ensure that the
IRF bit is cleared to O before the DIE bit is set to 1.
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Sour ce Address/Destination Address: When transfer data size is specified as word or longword,
an even (word) value or value multiplied by four (longword) must be set in DMSAR and
DMDAR.

When transfer data size is specified asword and an odd value is set in DMSAR or DMDAR, the
lowest bit of the addressis regarded as 0 and accessed.

When transfer data size is specified as longword and a value not multiplied by four issetin
DMSAR or DMDAR, the lowest two bits of the address are regarded as 0 and accessed.
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Section 8 1/0 Ports

Table 8.1 summarizes the port functions. The pins of each port also have other functions such as
input/output or interrupt input pins of on-chip peripheral modules. Each 1/0 port includes a data
direction register (DDR) that controls input/output, a data register (DR) that stores output data,
and a port register (PORT) used to read the pin states.

Ports 1 to 4 can driveasingle TTL load and 30 pF capacity load. Ports5to 9, and A can drive a
single TTL load and 50 pF capacity |oad.

All of the 1/O ports can drive a Darlington transistor when outputting data.

Ports 3 (P34, P35), 5 (P52, P53, P56, P57), 7, and A (PAO, PA1) are Schmitt-triggered inputs
when used as the IRQ input.

Port 3 (P32, P33) is a Schmitt-triggered input when the software standby state is entered by using
the USB.
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Table8.1

Port Functions

Port Description Extended Mode (EXPE =1) Single-Chip Mode (EXPE =0)
Port 1  General I/O port also P17/USD15 P17/USD15
functioning as USB2 1/0 P16/USD14 P16/USD14
P15/USD13 P15/USD13
P14/USD12 P14/USD12
P13/USD11 P13/USD11
P12/USD10 P12/USD10
P11/USD9 P11/USD9
P10/USD8 P10/USD8
Port2 General I/O port also P27/USD7/DRAKT P27/USD7/DRAKT
;”n”d"tl'jol\;'/:‘g T/% USB2 /0 pog/yspe/DACKT P26/USD6/DACK
P25/USD5/TEND1 P25/USD5/TEND1
P24/USD4/DREQ1T P24/USD4/DREQT
P23/USD3/DRAKO P23/USD3/DRAKO
P22/USD2/DACKO P22/USD2/DACKO
P21/USD1/TENDO P21/USD1/TENDO
P20/USDO/DREQO P20/USDO/DREQO
Port 3 General I/O port also P37/USOPM1 P37/USOPM1
functioning as USB2 /0 p35/50PM0O P36/USOPMO
and interrupt input _ N
P35/(IRQ5)/VBUS P35/(IRQ5)/VBUS
P34/(IRQ4)/USTXV P34/(IRQ4)/USTXV
P33/USLSTA1 P33/USLSTAT
P32/USLSTAO P32/USLSTAO
P31/USCLK P31/USCLK
P30/USWDVLD P30/USWDVLD
Port4 General I/O port also P47/USXCVRS P47/USXCVRS
functioning as USB2 /O p46/ysTXRDY P46/USTXRDY
P45/USTSEL P45/USTSEL
P44/USSUSP P44/USSUSP
P43/USRXV P43/USRXV
P42/USRXERR P42/USRXERR
P41/USRXACT P41/USRXACT
P40/USRST P40/USRST
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Port Description Extended Mode (EXPE =1) Single-Chip Mode (EXPE =0)
Port5 General I/O port also P57/D7/(IRQ7)/DRAK3 P57/(IRQ7)/DRAK3
functioning as extemal — pgg/ng/(JRQE)/DACKS P56/(IRQ6)/DACK3
data bus /0, DMAC /O,
and interrupt input P55/D5/TEND3 P55/TEND3
P54/D4/DREQ3 P54/DREQ3
P53/D3/(IRQ3)/DRAK2 P53/(IRQ3)/DRAK2
P52/D2/(IRQ2)/DACK2 P52/(IRQ2)/DACK2
P51/D1/TEND2 P51/TEND2
P50/D0O/DREQ2 P50/DREQ2
Port6 General I/O port also P67/A15 P67
functioning as external P66/A14/TMO1 P66/TMO1
address bus output and
timer 1/0 P65/A13/TMRIA P65/TMRI1
P64/A12/TMCI1 P64/TMCI1
P63/A11 P63
P62/A10/TMOO P62/TMOO0
P61/A9/TMRIO P61/TMRIO
P60/A8/TMCIO P60/TMCIO
Port 7 General I/O port also P77/A7/IRQ7 P77/IRQ7
functioning as external P76/A6/IRQ6 P76/IRQ6
address bus output and
interrupt input P75/A5/IRQ5 P75/IRQ5
P74/A4/IRQ4 P74/IRQ4
P73/A3/IRQ3 P73/IRQ3
P72/A2/IRQ2 P72/IRQ2
P71/A1/IRQ1 P71/IRQ1
P70/A0/IRQO P70/IRQO
Port 8 General I/O port also P87/D15 P87
functioning as external P86/D14 P86
data bus 1/0
P85/D13 P85
P84/D12 P84
P83/D11 P83
P82/D10 P82
P81/D9 P81
P80/D8 P80

RENESAS
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Port Description Extended Mode (EXPE =1) Single-Chip Mode (EXPE =0)

Port9 General I/O port also P97/¢ P97/¢
functioning as external  pgs/Ag P96
bus control output __
P95/RD P95
P94/HWR P94
P93/LWR P93
P92/CS2/RAS P92
P91/CS1 P91
P90/CS0O P90
Port A General I/O port also PA3/A19/CS3 PA3
functioning as external PA2/A18/UCAS PA2
address bus output, o N
external bus control PA1/A17/LCAS/(IRQ1) PA1/(IRQ1)
output, and interrupt PAO/A16/(IRQO) PAO/(IRQO)
input
8.1 Port 1

Port 1 isan 8-bit I/O port that also has other functions. The port 1 has the following registers.

e Port 1 datadirection register (PLDDR)
e Port 1 dataregister (P1DR)
e Port 1register (PORT1)

8.1.1 Port 1 Data Direction Register (P1DDR)

The individual bits of PLDDR specify input or output for the pins of port 1. PLDDR cannot be
read; if it is, an undefined value will be read.

Initial
Bit Bit Name Value R/W Description
7 P17DDR 0 w When a pin function is specified to a general purpose
6 P16DDR 0 W I/Q, setting this.bit to.1 makeg the .corr.esponding port 1
pin an output pin, while clearing this bit to 0 makes the
S P15DDR 0 W pin an input pin.
4 P14DDR 0 w
3 P13DDR 0 w
2 P12DDR 0 w
1 P11DDR 0 w
0 P10DDR 0 w
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8.1.2 Port 1 Data Register (P1DR)

P1DR stores output data for the port 1 pins.

Initial
Bit Bit Name Value R/W Description
7 P17DR 0 R/W Output data for a pin is stored when the pin function is
6 P16DR 0 R/W specified to a general purpose output.
5 P15DR 0 R/W
4 P14DR 0 R/W
3 P13DR 0 R/W
2 P12DR 0 R/W
1 P11DR 0 R/W
0 P10DR 0 R/W

813  Port1Register (PORT1)

PORT1 shows the pin states of the port 1. PORT1 cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 P17 —* R If a PORT1 read is performed while P1DDR bits are set
6 P16 . R to 1, the P1DR values are read. If a PORT1 read is
performed while P1DDR bits are cleared to 0, the pin
5 P15 - R states are read.
4 P14 _x R
3 P13 — R
2 P12 — R
1 P11 — R
0 P10 — R

Note: * Determined by the states of pins P17 to P10.
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8.14 Pin Functions

Port 1 pins also function as the pins for USB 1/O. The correspondence between the register
specification and the pin functions is shown below.

e P17/USD15

The pin function is switched as shown below according to the combination of the PL7DDR bit
and the USBCKSTP bit in MSTPCRL.

USBCKSTP 1 0
P17DDR 0 1 —

Pin function P17 input P17 output uSD15 I/0
¢ P16/USD14

The pin function is switched as shown below according to the combination of the PL6DDR bit
and the USBCKSTP hit in MSTPCRL.

USBCKSTP 1 0
P16DDR 0 1 —

Pin function P16 input P16 output uSD141/0
e P15/USD13

The pin function is switched as shown below according to the combination of the PL5DDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P15DDR 0 1 —

Pin function P15 input P15 output uUsSD13 I/0
e P14/USD12

The pin function is switched as shown below according to the combination of the P14DDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P14DDR 0 1 —
Pin function P14 input P14 output usD12 I/0
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e P13/USD11

The pin function is switched as shown below according to the combination of the PL3DDR bit
and the USBCKSTP bit in MSTPCRL.

USBCKSTP 1 0
P13DDR 0 1 —

Pin function P13 input P13 output uSD11 I/0
e P12/USD10

The pin function is switched as shown below according to the combination of the PL2DDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P12DDR 0 1 —

Pin function P12 input P12 output uUsD10 I/O0
e P11/USD9

The pin function is switched as shown below according to the combination of the PL1DDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P11DDR 0 1 —
Pin function P11 input P11 output uUSD9 I/O
e P10/USD8

The pin function is switched as shown below according to the combination of the PLODDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P10DDR 0 1 —
Pin function P10 input P10 output usD8 1/0
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8.2 Port 2
Port 2 isan 8-bit I/O port that also has other functions. The port 2 has the following registers.

e Port 2 datadirection register (P2DDR)
e Port 2 dataregister (P2DR)
e Port 2 register (PORT2)

821 Port 2 Data Direction Register (P2DDR)

The individual bits of P2DDR specify input or output for the pins of port 2. P2ZDDR cannot be
read; if itis, an undefined value will be read.

Initial
Bit Bit Name Value R/W Description
7 P27DDR 0 W When a pin function is specified to a general purpose
6 P26DDR 0 W I/Q, setting this.bit to.1 makeg the .corr.esponding port 2
pin an output pin, while clearing this bit to 0 makes the
5 P25DDR 0 w pin an input pin.
4 P24DDR 0 w
3 P23DDR 0 w
2 P22DDR 0 w
1 P21DDR 0 w
0 P20DDR 0 w

822  Port 2 Data Register (P2DR)

P2DR stores output data for the port 2 pins.

Initial
Bit Bit Name Value R/W Description
7 P27DR 0 R/W Output data for a pin is stored when the pin function is
6 P26DR 0 R/W specified to a general purpose output.
5 P25DR 0 R/W
4 P24DR 0 R/W
3 P23DR 0 R/W
2 P22DR 0 R/W
1 P21DR 0 R/W
0 P20DR 0 R/W

Rev. 2.00, 03/04, page 226 of 534
RENESAS



823

Port 2 Register (PORT?2)

PORT2 shows the pin states of the port 2. PORT2 cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 P27 —* R If a PORT2 read is performed while P2DDR bits are set
6 P26 . R to 1, the P2DR values are read. If a PORT2 read is
performed while P2DDR bits are cleared to 0, the pin
S P25 — R states are read.
4 P24 s R
3 P23 —* R
2 P22 —* R
1 P21 —* R
0 P20 — R
Note: * Determined by the states of pins P27 to P20.
824 Pin Functions

Port 2 pins also function as the pinsfor DMAC /O and USB 1/O. The correspondence between the

register specification and the pin functions is shown below.

e P27/USD7/DRAKI1

The pin function is switched as shown below according to the combination of the P27DDR bit,
the DRAKE bitin DMMDR _1, and the USBCK STP bitin MSTPCRL.

USBCKSTP 1 0
DRAKE 0 1 —
P27DDR 0 1 — —
Pin function P27 input P27 output DRAKT output usD7 I/0

e P26/USD6/DACKI1

The pin function is switched as shown below according to the combination of the P26DDR hit,
the AMS bit in DMMDR_1, the EXPE bit in MDCR, and the USBCKSTP hitin MSTPCRL.

USBCKSTP 1 0

EXPE 0 1 —

AMS — 0 1 —

P26DDR 0 1 0 1 — —

Pin function P26 input | P26 output | P26 input | P26 output DACK1 | USD6 I/0
output
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e P25/USD5/TENDI

The pin function is switched as shown below according to the combination of the P25DDR bit,
the TENDE bit in DMMDR 1, and the USBCKSTP bit in MSTPCRL.

USBCKSTP 1 0
TENDE 0 1 —
P25DDR 0 1 — —
Pin function P25 input P25 output TENDT output UsDS5 I/0

e P24/USD4/DREQ1

The pin function is switched as shown below according to the combination of the P24DDR hit,
the DREQS hitin DMMDR_1, and the USBCKSTP bitin MSTPCRL.

USBCKSTP 1 0

P24DDR 0 1 —

Pin function P24 input P24 output uSD4 I/0
DREQT input*

Note: * When DREQS = 1, this pin functions as DREQ1 input.

e P23/USD3/DRAKO

The pin function is switched as shown below according to the combination of the P23DDR bit,
the DRAKE bitin DMMDR _0, and the USBCKSTP bit in MSTPCRL.

USBCKSTP 1 0
DRAKE 0 1 —
P23DDR 0 1 — —
Pin function P23 input P23 output DRAKO output UsD3 I/0

e P22/USD2/DACKO

The pin function is switched as shown below according to the combination of the P22DDR hit,
the AMS bit in DMMDR_0, the EXPE bit in MDCR, and the USBCKSTP hitin MSTPCRL.

USBCKSTP 1 0

EXPE 0 1 —

AMS — 0 1 —

P22DDR 0 1 0 1 — —

Pin function P22 input | P22 output| P22input | P22 output | DACKO | USD2I/O
output
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e P21/USDVTENDO

The pin function is switched as shown below according to the combination of the P21DDR bit,
the TENDE bit in DMMDR _0, and the USBCKSTP bit in MSTPCRL.

USBCKSTP 1 0
TENDE 0 1 —
P21DDR 0 1 — —
Pin function P21 input P21 output TENDO output usD1 I/0

e P20/USDO/DREQO

e The pin function is switched as shown below according to the combination of the P20DDR hit,
the DREQS hitin DMMDR_O, and the USBCKSTP bit in MSTPCRL.

USBCKSTP 1 0

P20DDR 0 1 —

Pin function P20 input P20 output uUSDO I/0
DREQO input*

Note: * When DREQS = 1, this pin functions as DREQO input.
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8.3 Port 3
Port 3 isan 8-bit I/O port that also has other functions. The port 3 has the following registers.

e Port 3 datadirection register (P3DDR)
e Port 3 dataregister (P3DR)
o Port 3register (PORT3)

831 Port 3 Data Direction Register (P3DDR)

The individual bits of P3DDR specify input or output for the pins of port 3. P3DDR cannot be
read; if it is, an undefined value will be read.

Initial
Bit Bit Name Value R/W Description
7 P37DDR 0 W When a pin function is specified to a general purpose
6 P36DDR 0 W I/Q, setting this.bit to.1 makeg the .corr.esponding port 3
pin an output pin, while clearing this bit to 0 makes the
S P35DDR 0 W pin an input pin.
4 P34DDR 0 w
3 P33DDR 0 w
2 P32DDR 0 w
1 P31DDR 0 w
0 P30DDR 0 w

832  Port 3DataRegister (P3DR)

P3DR stores output data for the port 3 pins.

Initial
Bit Bit Name Value R/W Description
7 P37DR 0 R/W Output data for a pin is stored when the pin function is
6 P36DR 0 R/W specified to a general purpose output.
5 P35DR 0 R/W
4 P34DR 0 R/W
3 P33DR 0 R/W
2 P32DR 0 R/W
1 P31DR 0 R/W
0 P30DR 0 R/W
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833  Port 3Register (PORT3)

PORT 3 shows the pin states of the port 3. PORT3 cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 P37 —* R If a PORT3 read is performed while P3DDR bits are
6 P36 s R set to 1, the P3DR values are read. If a PORT3 read
. is performed while P3DDR bits are cleared to 0, the
S P35 — R pin states are read.
4 P34 —* R
3 P33 —* R
2 P32 —* R
1 P31 —* R
0 P30 —* R

Note: * Determined by the states of pins P37 to P30.

834 Pin Functions

Port 3 pins also function as the pinsfor USB 1/O and interrupt input. The correspondence between
the register specification and the pin functions is shown below.

e P37/USOPM1

The pin function is switched as shown below according to the combination of the P37DDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P37DDR 0 1 —
Pin function P37 input P37 output USOPM1 output

e P36/USOPMO

The pin function is switched as shown below according to the combination of the P36DDR bit
and the USBCKSTP bit in MSTPCRL.

USBCKSTP 1 0
P36DDR 0 1 —
Pin function P36 input P36 output USOPMO output
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e P35/(IRQ3)/USVBUS

The pin function is switched as shown below according to the combination of the P35DDR bit,
the USBCKSTP bit in MSTPCRL, and the ISS5 bit in ISSR.

USBCKSTP 1 0

P35DDR 0 1 —

Pin function P35 input P35 output USVBUS input
IRQ5 interrupt input*

Note: * When ISS5 = 1, this pin functions as IRQ5 interrupt input.

e P34/(IRQ4)/USTXV
The pin function is switched as shown below according to the combination of the P34DDR hit,
the USBCKSTP bit in MSTPCRL, and the 1S$4 bit in ISSR.

USBCKSTP 1 0

P34DDR 0 1 —

Pin function P34 input P34 output USTXV output
IRQ4 interrupt input*

Note: * When ISS4 = 1, this pin functions as IRQ4 interrupt input.

e P33/USLSTAl

The pin function is switched as shown below according to the combination of the P33DDR bit
and the USBCKSTP bit in MSTPCRL.

USBCKSTP 1 0
P33DDR 0 1 —
Pin function P33 input P33 output USLSTAT1 input

e P32/USLSTAO

The pin function is switched as shown below according to the combination of the P32DDR bit
and the USBCKSTP hit in MSTPCRL.

USBCKSTP 1 0
P32DDR 0 1 —
Pin function P32 input P32 output USLSTAQO input

Rev. 2.00, 03/04, page 232 of 534
RENESAS



e P3VUSCLK

The pin function is switched as shown below according to the combination of the P31DDR bit
and the USBCKSTP bit in MSTPCRL.

USBCKSTP 1 0
P31DDR 0 1 —
Pin function P31 input P31 output USCLK input

e P30/USWDVLD

The pin function is switched as shown below according to the combination of the P30DDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P30DDR 0 1 —

Pin function P30 input P30 output USWDVLD I/0
8.4 Port 4

Port 4 isan 8-bit 1/O port that also has other functions. The port 4 has the following registers.

e Port 4 datadirection register (PADDR)
e Port 4 dataregister (P4ADR)
o Port 4 register (PORT4)

84.1 Port 4 Data Direction Register (PADDR)

Theindividual bits of PADDR specify input or output for the pins of port 4. PADDR cannot be
read; if it is, an undefined value will be read.

Initial
Bit Bit Name Value R/W Description
7 P47DDR 0 w When a pin function is specified to a general purpose
6 P46DDR 0 W I/Q, setting this.bit to.1 makeg the .corr.esponding port 4
pin an output pin, while clearing this bit to 0 makes the
5 P45DDR 0 W pin an input pin.
4 P44DDR 0 w
3 P43DDR 0 w
2 P42DDR 0 w
1 P41DDR 0 w
0 P40DDR 0 w
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8.4.2 Port 4 Data Register (PADR)

PADR stores output data for the port 4 pins.

Initial
Bit Bit Name Value R/W Description
7 P47DR 0 R/W Output data for a pin is stored when the pin function is
6 P46DR 0 R/W specified to a general purpose output.
5 P45DR 0 R/W
4 P44DR 0 R/W
3 P43DR 0 R/W
2 P42DR 0 R/W
1 P41DR 0 R/W
0 P40DR 0 R/W

843  Port 4 Register (PORT4)

PORT4 shows the pin states of the port 4. PORT4 cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 P47 —* R If a PORT4 read is performed while P4ADDR bits are set
6 P46 % R to 1, the P4DR values are read. If a PORT4 read is

. performed while P4DDR bits are cleared to 0, the pin

5 P45 - R states are read.
4 P44 —* R
3 P43 —* R
2 P42 —* R
1 P41 —* R
0 P40 —* R

Note: * Determined by the states of pins P47 to P40.
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8.4.4 Pin Functions

Port 4 pins also function as the pins for USB 1/O. The correspondence between the register

specification and the pin functions is shown below.

o P4A7/USXCVRS

The pin function is switched as shown below according to the combination of the PA7DDR bit

and the USBCKSTP bit in MSTPCRL.

USBCKSTP 0
P47DDR 0 1 —
Pin function P47 input P47 output USXCVRS output

o PA6/USTXRDY

The pin function is switched as shown below according to the combination of the PA6DDR bit

and the USBCKSTP bit in MSTPCRL.

USBCKSTP 0
P46DDR 0 1 —

Pin function P46 input P46 output USTXRDY input
o PA5/USTSEL

The pin function is switched as shown below according to the combination of the PA5SDDR bit

and the USBCK STP bit in MSTPCRL.

USBCKSTP 0
P45DDR 0 1 —
Pin function P45 input P45 output USTSEL output

e P44/USSUSP

The pin function is switched as shown below according to the combination of the P44DDR bit

and the USBCKSTP bit in MSTPCRL.

USBCKSTP 0
P44DDR 0 1 —
Pin function P44 input P44 output USSUSP output
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o PA3/USRXV

The pin function is switched as shown below according to the combination of the PA3DDR bit
and the USBCK STP hit in MSTPCRL.

USBCKSTP 1 0
P43DDR 0 1 —
Pin function P43 input P43 output USRXYV input

o P42/USRXERR

The pin function is switched as shown below according to the combination of the PA2DDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P42DDR 0 1 —
Pin function P42 input P42 output USRXERR input

o PAYUSRXACT

The pin function is switched as shown below according to the combination of the P4A1DDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P41DDR 0 1 —

Pin function P41 input P41 output USRXACT input
e PA40/USRST

The pin function is switched as shown below according to the combination of the PAODDR bit
and the USBCK STP bit in MSTPCRL.

USBCKSTP 1 0
P40DDR 0 1 —
Pin function P40 input P40 output USRST output
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85 Port 5
Port 5 isan 8-bit I/O port that also has other functions. The port 5 has the following registers.

e Port 5 datadirection register (P5SDDR)
e Port 5 dataregister (PSDR)
e Port 5register (PORT5)

85.1 Port 5 Data Direction Register (P5SDDR)

The individual bits of PSDDR specify input or output for the pins of port 5. PSDDR cannot be
read; if it is, an undefined value will be read.

Initial
Bit Bit Name Value R/W Description
7 P57DDR 0 W When a pin function is specified to a general purpose
6 P56DDR 0 W I/Q, setting this.bit to.1 makeg the .corr.esponding port 5
pin an output pin, while clearing this bit to 0 makes the
S P55DDR 0 W pin an input pin.
4 P54DDR 0 w
3 P53DDR 0 w
2 P52DDR 0 w
1 P51DDR 0 w
0 P50DDR 0 w

852  Port5DataRegister (P5DR)

P5DR stores output data for the port 5 pins.

Initial
Bit Bit Name Value R/W Description
7 P57DR 0 R/W Output data for a pin is stored when the pin function is
6 P56DR 0 R/W specified to a general purpose output.
5 P55DR 0 R/W
4 P54DR 0 R/W
3 P53DR 0 R/W
2 P52DR 0 R/W
1 P51DR 0 R/W
0 P50DR 0 R/W
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853  Port5Register (PORTS5)

PORT5 shows the pin states of the port 5. PORT5 cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 P57 —* R If a PORTS5 read is performed while P5DDR bits are set
6 P56 s R to 1, the P5DR values are read. If a PORT5 read is

. performed while P5DDR bits are cleared to 0, the pin

S P55 - R states are read.
4 P54 —* R
3 P53 —* R
2 P52 —* R
1 P51 —* R
0 P50 —* R

Note: * Determined by the states of pins P57 to P50.

854 Pin Functions

Port 5 pins also function as the pins for external data bus 1/0, DMAC 1/O, and interrupt input. The
correspondence between the register specification and the pin functions is shown below.

e P57/D7/(IRQ7)/DRAK3
The pin function is switched as shown below according to the combination of the P57DDR hit,
the DRAKE bit in DMMDR_3, the EXPE bit in MDCR, and the ISS7 bit in ISSR.

EXPE 0 1
Bus mode — All areas are 8-bit space At least one

area is 16-bit

space
DRAKE 0 0 1 —
P57DDR 0 1 0 1 — —
Pin function P57 input | P57 output | P57 input P57 output DRAK3 D7 I/0
output
IRQ7 interrupt input*

Note: * When ISS7 = 1, this pin functions as IRQ7 interrupt input.
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e P56/D6/(IRQ6)/DACK3

The pin function is switched as shown below according to the combination of the P5S6DDR bit,
the AMSbitin DMMDR _3, the EXPE bit in MDCR, and the ISS6 bit in ISSR.

EXPE 0 1
Bus mode — All areas are 8-bit space At least one

area is 16-bit

space
AMS 0 0 1 —
P56DDR 0 1 0 1 — —
Pin function P56 input | P56 output | P56 input P56 output DACK3 D6 1/0
output
IRQ6 interrupt input*

Note: * When ISS6 = 1, this pin functions as IRQ6 interrupt input.

e P55/D5/TEND3

The pin function is switched as shown below according to the combination of the PS5DDR bit,
the TENDE bitin DMMDR_3, and the EXPE bitin MDCR.

EXPE 0 1

Bus mode — All areas are 8-bit space At least one
area is 16-bit

space

TENDE 0 0 1 —

P55DDR 0 1 0 1 — —

Pin function P55 input | P55 output | P55 input P55 output TEND3 D5 I/0

output

e P54/D4/DREQ3

The pin function is switched as shown below according to the combination of the P54DDR bit,
the DREQS bit in DMMDR_3, and the EXPE bit in MDCR.

EXPE 0 1
Bus mode — All areas are 8-bit space At least one area
is 16-bit space
P54DDR 0 1 0 1 —
Pin function P54 input P54 output P54 input P54 output D4 1/0
DREQ3 input*

Note: * When DREQS = 1, this pin functions as DREQS input.

Rev. 2.00, 03/04, page 239 of 534
RENESAS



e P53/D3/(IRQ3)/DRAK2

The pin function is switched as shown below according to the combination of the PS3DDR bit,
the DRAKE bitin DMMDR _2, the EXPE bit in MDCR, and the ISS3 bit in ISSR.

EXPE 0 1
Bus mode — All areas are 8-bit space At least one

area is 16-bit

space
DRAKE 0 1 —
P53DDR 0 1 0 1 — —
Pin function P53 input | P53 output | P53 input P53 output DRAK2 D3 1/0
output
IRQ3 interrupt input*

Note: * When ISS3 = 1, this pin functions as IRQ3 interrupt input.

o P52/D2/(IRQ2)/DACK2
The pin function is switched as shown below according to the combination of the P52DDR bit,

the AMS bitin DMMDR_2, the EXPE bit in MDCR, and the ISS2 bit in ISSR.

EXPE 0 1
Bus mode — All areas are 8-bit space At least one

area is 16-bit

space
AMS 0 1 —
P52DDR 0 1 0 1 — —
Pin function P52 input | P52 output | P52 input P52 output DACK2 D2 1/0
output
IRQ2 interrupt input*

Note: * When ISS2 = 1, this pin functions as IRQ2 interrupt input.
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e P51/DUTEND2

The pin function is switched as shown below according to the combination of the P5S1DDR bit,
the TENDE bitin DMMDR_2, and the EXPE bit in MDCR.

EXPE 0 1

Bus mode — All areas are 8-bit space At least one
area is 16-bit

space

TENDE 0 0 1 —

P51DDR 0 1 0 1 — —

Pin function P51 input | P51 output | P51 input P51 output TEND2 D1 1/0

output

e P50/DO/DREQ2

The pin function is switched as shown below according to the combination of the PSODDR hit,
the DREQS hitin DMMDR_2, and the EXPE bitin MDCR.

EXPE 0 1
Bus mode — All areas are 8-bit space At least one area
is 16-bit space
P50DDR 0 1 0 1 —
Pin function P50 input | P50 output P50 input P50 output DO I/0
DREQ2 input*
Note: * When DREQS = 1, this pin functions as DREQ2 input.
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8.6 Port 6
Port 6 isan 8-bit 1/O port that also has other functions. The port 6 has the following registers.

e Port 6 datadirection register (P6DDR)
e Port 6 dataregister (P6DR)
o Port 6 register (PORT6)

8.6.1 Port 6 Data Direction Register (P6DDR)

The individual bits of PEDDR specify input or output for the pins of port 6. PEDDR cannot be
read; if it is, an undefined value will be read.

Initial
Bit Bit Name Value R/W Description
7 P67DDR 0 W When a pin function is specified to a general purpose
6 P66DDR 0 W I/Q, setting this.bit to.1 makeg the .corr.esponding port 6
pin an output pin, while clearing this bit to 0 makes the
S P6SDDR 0 W pin an input pin.
4 P64DDR 0 w
3 P63DDR 0 w
2 P62DDR 0 w
1 P61DDR 0 w
0 P60DDR 0 w

862  Port 6 DataRegister (P6DR)

PEDR stores output data for the port 6 pins.

Initial
Bit Bit Name Value R/W Description
7 P67DR 0 R/W Output data for a pin is stored when the pin function is
6 P66DR 0 R/W specified to a general purpose output.
5 P65DR 0 R/W
4 P64DR 0 R/W
3 P63DR 0 R/W
2 P62DR 0 R/W
1 P61DR 0 R/W
0 P60DR 0 R/W
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86.3  Port 6 Register (PORT6)

PORT®6 shows the pin states of the port 6. PORT6 cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 P67 —* R If a PORT®6 read is performed while P6DDR bits are set
6 P66 s R to 1, the P6DR values are read. If a PORT®6 read is

. performed while P6DDR bits are cleared to 0, the pin

S P65 - R states are read.
4 P64 —* R
3 P63 —* R
2 P62 —* R
1 P61 —* R
0 P60 —* R

Note: * Determined by the states of pins P67 to P60.

8.6.4 Pin Functions

Port 6 pins also function as the pins for external address bus output and timer 1/0. The
correspondence between the register specification and the pin functions is shown below.

o PG67/A15

The pin function is switched as shown below according to the combination of the P67DDR hit,
the EXPE bit in MDCR, and the AMOE bit in PFCRL1.

EXPE 0 1
AMOE — 0 1
P67DDR 0 1 0 1 —

Pin function P67 input P67 output P67 input P67 output A15 output
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e PB6/A14/TMO1

The pin function is switched as shown below according to the combination of the P66DDR bit,
the EXPE bit in MDCR, the AMOE bit in PFCR1, and the OS3 to OS0 bitsin TCSR_1.

EXPE

0

1

AMOE

0OS3+to
0So0

AllO

Not all 0

AllO

Not all 0 —

P66DDR

0

1

0

1

Pin
function

P66 input

P66 output

TMO1
output

P66 input

P66 output

TMOA1
output

A4
output

e PE5/A13/TMRI1

The pin function is switched as shown below according to the combination of the P65DDR bit,
the EXPE bit in MDCR, and the AMOE bit in PFCR1.

EXPE 0 1

AMOE — 1

P65DDR 0 1 0 1 —

Pin function P65 input P65 output P65 input P65 output A13 output
TMRI input*

Note: * When used as a TMR counter reset, set the CCLR1 and CCLRO bits in TCR_1 to 11.

o PB4/A12/TMCIL

The pin function is switched as shown below according to the combination of the P64DDR bit,
the EXPE bit in MDCR, and the AMOE bit in PFCR1.

EXPE 0 1

AMOE — 1

P64DDR 0 1 0 1 —

Pin function P64 input P64 output P64 input P64 output A12 output
TMCI1 input*

Note: * When used as an external clock input pin of TMR, select the external clock by bits

CKS2 to CKS0in TCR_1.
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e PB3/Al11

The pin function is switched as shown below according to the combination of the P63DDR bit,
the EXPE bit in MDCR, and the AMOE bit in PFCRL1.

EXPE 0 1

AMOE — 0 1
P63DDR 0 1 0 1 —

Pin function P63 input P63 output P63 input P63 output A11 output

e P62/A10/TMOO

The pin function is switched as shown below according to the combination of the P62DDR hit,
the EXPE bit in MDCR, the AMOE bit in PFCR1, and the OS3 to OS0 bitsin TCSR_0.

EXPE 0 1

AMOE — 0 1

0S3to OS0 AllO Not all 0 AllO Not all 0 —

P62DDR 0 1 — 0 1 — —

Pin function P62 input |P62 output| TMOO P62 input |P62 output| TMOO A10
output output output

e PG6U/A9TMRIO

The pin function is switched as shown below according to the combination of the P61DDR bit,
the EXPE bit in MDCR, and the AMOE hit in PFCR1.

EXPE 0 1

AMOE — 0 1

P61DDR 0 1 0 1 —

Pin function P61 input P61 output P61 input P61 output A9 output
TMRIO input*

Note: * When used as a TMR counter reset, set the CCLR1 and CCLRO bits in TCR_0 to 11.
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e PG60/A8/TMCIO

The pin function is switched as shown below according to the combination of the P6GODDR bit,
the EXPE bit in MDCR, and the AMOE bit in PFCRL1.

EXPE 0 1

AMOE — 0 1

P60DDR 0 1 0 1 —

Pin function P60 input P60 output P60 input P60 output A8 output
TMCIO input*

Note: * When used as an external clock input pin of TMR, select the external clock by bits
CKS2 to CKS0 in TCR_0.

8.7 Port 7

Port 7 isan 8-bit 1/O port that also has other functions. The port 7 has the following registers.

e Port 7 datadirection register (P7DDR)
e Port 7 dataregister (P7DR)
e Port 7 register (PORT7)

8.7.1 Port 7 Data Direction Register (P7DDR)

The individual bits of P7TDDR specify input or output for the pins of port 7. P7ZDDR cannot be
read; if it is, an undefined value will be read.

Initial
Bit Bit Name Value R/W Description
7 P77DDR 0 W When a pin function is specified to a general purpose
6 P76DDR 0 W I/Q, setting this.bit to.1 makeg the .corr.esponding port 7
pin an output pin, while clearing this bit to 0 makes the
S P75DDR 0 W pin an input pin.
4 P74DDR 0 w
3 P73DDR 0 w
2 P72DDR 0 w
1 P71DDR 0 w
0 P70DDR 0 w
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8.7.2 Port 7 Data Register (P7DR)

P7DR stores output data for the port 7 pins.

Initial
Bit Bit Name Value R/W Description
7 P77DR 0 R/W Output data for a pin is stored when the pin function is
6 P76DR 0 R/W specified to a general purpose output.
5 P75DR 0 R/W
4 P74DR 0 R/W
3 P73DR 0 R/W
2 P72DR 0 R/W
1 P71DR 0 R/W
0 P70DR 0 R/W

873  Port 7 Register (PORT7)

PORT?7 shows the pin states of the port 7. PORT7 cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 P77 —* R If a PORTY7 read is performed while P7DDR bits are set
6 P76 o R to 1, the P7DR values are read. If a PORT7 read is

. performed while P7DDR bits are cleared to 0, the pin

5 P75 - R states are read.
4 P74 —* R
3 P73 —* R
2 P72 —* R
1 P71 —* R
0 P70 —* R

Note: * Determined by the states of pins P77 to P70.
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8.7.4 Pin Functions

Port 7 pins also function as the pins for external address bus output and interrupt input. The
correspondence between the register specification and the pin functionsis shown below.

o P77IATARQ7

The pin function is switched as shown below according to the combination of the P77DDR bit,
the EXPE bit in MDCR, the ALOE bhit in PFCR1, and the I SS7 hit in ISSR.

EXPE 0 1

ALOE — 0 1

P77DDR 0 1 0 1 —

Pin function P77 input P77 output P77 input P77 output A7 output
IRQ7 interrupt input*

Note: * When ISS7 = 0, this pin functions as IRQ7 interrupt input.

e P76/A6/IRQ6

The pin function is switched as shown below according to the combination of the P76DDR bit,
the EXPE bit in MDCR, the ALOE bit in PFCR1, and the SS6 bit in ISSR.

EXPE 0 1

ALOE — 0 1

P76DDR 0 1 0 1 —

Pin function P76 input P76 output P76 input P76 output A6 output
TRQ6 interrupt input*

Note: * When ISS6 = 0, this pin functions as IRQ6 interrupt input.

e P75/A5RQ5

The pin function is switched as shown below according to the combination of the P75DDR hit,
the EXPE bit in MDCR, the ALOE bit in PFCR1, and the ISS5 bit in ISSR.

EXPE 0 1

ALOE — 0 1

P75DDR 0 1 0 1 —

Pin function P75 input P75 output P75 input P75 output A5 output
TRQ5 interrupt input*

Note: * When ISS5 =0, this pin functions as IRQ5 interrupt input.
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o P74/A4IRQA

The pin function is switched as shown below according to the combination of the P74DDR bit,
the EXPE bit in MDCR, the ALOE bit in PFCR1, and the |S$4 bit in ISSR.

EXPE 0 1

ALOE — 0 1

P74DDR 0 1 0 1 —

Pin function P74 input P74 output P74 input P74 output A4 output
TRQ4 interrupt input*

Note: * When ISS4 = 0, this pin functions as IRQ4 interrupt input.

o P73/A3/IRQ3

The pin function is switched as shown below according to the combination of the P73DDR bit,
the EXPE bit in MDCR, the ALOE bhit in PFCR1, and the ISS3 hit in ISSR.

EXPE 0 1

ALOE — 0 1

P73DDR 0 1 0 1 —

Pin function P73 input P73 output P73 input P73 output A3 output
IRQ3 interrupt input*

Note: * When ISS3 = 0, this pin functions as IRQS3 interrupt input.

o P72/A2RQ2

The pin function is switched as shown below according to the combination of the P72DDR bit,
the EXPE bit in MDCR, the ALOE bit in PFCR1, and the ISS2 bit in ISSR.

EXPE 0 1

ALOE — 0 1

P72DDR 0 1 0 1 —

Pin function P72 input P72 output P72 input P72 output A2 output
TRQ2 interrupt input*

Note: * When ISS2 = 0, this pin functions as IRQ2 interrupt input.
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e P7UALIRQI

The pin function is switched as shown below according to the combination of the P71DDR bit,
the EXPE bit in MDCR, the ALOE bit in PFCR1, and the ISS1 bit in ISSR.

EXPE 0 1

ALOE — 0 1

P71DDR 0 1 0 1 —

Pin function P71 input P71 output P71 input P71 output A1 output
IRQT interrupt input*

Note: * When ISS1 = 0, this pin functions as IRQ1 interrupt input.

o P70/A0MRQO

The pin function is switched as shown below according to the combination of the P70DDR bit,
the EXPE bit in MDCR, the ALOE bhit in PFCR1, and the ISSO hit in ISSR.

EXPE 0 1

ALOE — 0 1

P70DDR 0 1 0 1 —

Pin function P70 input P70 output P70 input P70 output A0 output
TRQO interrupt input*

Note: * When ISSO0 = 0, this pin functions as IRQO interrupt input.
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8.8 Port 8
Port 8 isan 8-hit /O port that also has other functions. The port 8 has the following registers.

e Port 8 datadirection register (PSDDR)
e Port 8 dataregister (P8DR)
e Port 8 register (PORTS8)

8.8.1 Port 8 Data Direction Register (P8DDR)

The individual bits of PBDDR specify input or output for the pins of port 8. PBDDR cannot be
read; if it is, an undefined value will be read.

Initial
Bit Bit Name Value R/W Description
7 P87DDR 0 W When a pin function is specified to a general purpose
6 P86DDR 0 W I/Q, setting this.bit to.1 makeg the .corr.esponding port 8
pin an output pin, while clearing this bit to 0 makes the
S P85DDR 0 W pin an input pin.
4 P84DDR 0 w
3 P83DDR 0 w
2 P82DDR 0 w
1 P81DDR 0 w
0 P8ODDR 0 w

882  Port 8 DataRegister (PSDR)

P8DR stores output data for the port 8 pins.

Initial
Bit Bit Name Value R/W Description
7 P87DR 0 R/W Output data for a pin is stored when the pin function is
6 P86DR 0 R/W specified to a general purpose output.
5 P85DR 0 R/W
4 P84DR 0 R/W
3 P83DR 0 R/W
2 P82DR 0 R/W
1 P81DR 0 R/W
0 P8ODR 0 R/W
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883  Port 8 Register (PORTS)

PORT8 shows the pin states of the port 8. PORT8 cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 P87 —* R If a PORTS read is performed while PBDDR bits are
6 P86 s R set to 1, the P8DR values are read. If a PORTS8 read
. is performed while P8DDR bits are cleared to 0, the
S P85 — R pin states are read.
4 P84 —* R
3 P83 —* R
2 P82 —* R
1 P81 —* R
0 P80 —* R

Note: * Determined by the states of pins P87 to P80.

8.8.4 Pin Functions

Port 8 pins also function as the pins for external data bus 1/0. The correspondence between the
register specification and the pin functions is shown below.

e P87/D15

The pin function is switched as shown below according to the combination of the P87DDR bit
and the EXPE bit in MDCR.

EXPE 0 1
P87DDR 0 1 —
Pin function P87 input P87 output D151/0
o P86/D14

The pin function is switched as shown below according to the combination of the PB6DDR bit
and the EXPE bit in MDCR.

EXPE 0 1
P86DDR 0 1 —
Pin function P86 input P86 output D14 1/0
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e P85D13

The pin function is switched as shown below according to the combination of the PB5DDR bit

and the EXPE bit in MDCR.

EXPE

1

P85DDR

0

1

Pin function

P85 input

P85 output

D131/0

e P84/D12

The pin function is switched as shown below according to the combination of the PB4DDR bit

and the EXPE bit in MDCR.

EXPE

1

P84DDR

0

1

Pin function

P84 input

P84 output

D12 1/0

e P83/D11

The pin function is switched as shown below according to the combination of the PB3DDR bit

and the EXPE bit in MDCR.

EXPE

1

P83DDR

0

1

Pin function

P83 input

P83 output

D11 1/0

e P382/D10

The pin function is switched as shown below according to the combination of the PB2DDR bit

and the EXPE bit in MDCR.

EXPE

1

P82DDR

0

1

Pin function

P82 input

P82 output

D10 1/0

e P8LD9

The pin function is switched as shown below according to the combination of the PB1DDR bit

and the EXPE bit in MDCR.

EXPE

1

P81DDR

0

1

Pin function

P81 input

P81 output

D9 1/0
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e P80/DS8

The pin function is switched as shown below according to the combination of the PBODDR bit
and the EXPE bit in MDCR.

EXPE 0 1
P8ODDR 0 1 —
Pin function P80 input P80 output D8 1/0
8.9 Port 9

Port 9isan 8-bit I/O port that also has other functions. The port 9 has the following registers.

e Port 9 datadirection register (PODDR)
e Port 9 dataregister (PODR)
o Port 9register (PORT9)

8.9.1 Port 9 Data Direction Register (P9DDR)

Theindividual bits of PODDR specify input or output for the pins of port 9. PODDR cannot be
read; if itis, an undefined value will be read.

Initial
Bit Bit Name Value R/W Description
7 P97DDR 0 W When a pin function is specified to a general purpose
6 P96DDR 0 W I/_O, setting this.bit to_1 makeg the .corr.esponding port 9
pin an output pin, while clearing this bit to 0 makes the
S P9SDDR 0 W pin an input pin.
4 P94DDR 0 w
3 P93DDR 0 w
2 P92DDR 0 w
1 P91DDR 0 w
0 P90DDR 0 w
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8.9.2 Port 9 Data Register (PODR)

PODR stores output data for the port 9 pins.

Initial
Bit Bit Name Value R/W Description
7 P97DR 0 R/W Output data for a pin is stored when the pin function is
6 P96DR 0 R/W specified to a general purpose output.
5 P95DR 0 R/W
4 P94DR 0 R/W
3 P93DR 0 R/W
2 P92DR 0 R/W
1 P91DR 0 R/W
0 P90DR 0 R/W

89.3  Port 9 Register (PORTO)

PORT?9 shows the pin states of the port 9. PORT9 cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 P97 —* R If a PORT9 read is performed while PO9DDR bits are set
6 P96 o R to 1, the PODR values are read. If a PORT9 read is

. performed while PODDR bits are cleared to 0, the pin

5 P95 — R states are read.
4 P94 —* R
3 P93 —* R
2 P92 —* R
1 P91 —* R
0 P90 —* R

Note: * Determined by the states of pins P97 to P90.
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894 Pin Functions

Port 9 pins also function as the pins for external bus control output. The correspondence between
the register specification and the pin functions is shown below.

o PO7/4

The pin function is switched as shown below according to the combination of the P97DDR bit
and the CKOE hit in PFCR1.

CKOE

1

P97DDR

0

1

Pin function

P97 input

P97 output

¢ output

e PO6/AS

The pin function is switched as shown below according to the combination of the P96DDR bit
and the EXPE bit in MDCR.

EXPE

1

P96DDR

0

1

Pin function

P96 input

P96 output

AS output

e P95RD

The pin function is switched as shown below according to the combination of the P95DDR bit
and the EXPE bit in MDCR.

EXPE

P95DDR

0

1

Pin function

P95 input

P95 output

|

X

D output

e P94/HWR

The pin function is switched as shown below according to the combination of the P94DDR bit
and the EXPE bit in MDCR.

EXPE

1

P94DDR

0

1

Pin function

P94 input

P94 output

HWR output
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e PI93/LWR

The pin function is switched as shown below according to the combination of the P93DDR bit
and the EXPE bit in MDCR.

EXPE 0 1

Bus mode — All areas are 8-bit space | At least one area is 16-bit
space

P93DDR 0 1 0 1 —

Pin function P93 input | P93 output | P93 input | P93 output LWR output

e P92/CS2/RAS

The pin function is switched as shown below according to the combination of the P92DDR bit,
the EXPE bit in MDCR, and the CS2E bit in PFCRL.

EXPE

0

1

Area 2

Normal space

DRAM space

CS2E

0

1 —

P92DDR

0

1

0 1

Pin function

P92 input

P92 output

P92 input | P92 output

(9]

S2 output| RAS output

e P91/CS1

The pin function is switched as shown below according to the combination of the P91DDR bit,
the EXPE bit in MDCR, and the CS1E bit in PFCRL.

EXPE 0 1

CS1E — 0 1
P91DDR 0 1 0 1 —

Pin function P91 input P91 output P91 input P91 output CS1 output
e PO0/CSO

The pin function is switched as shown below according to the combination of the POODDR bit
and the EXPE bit in MDCR.

EXPE

1

PO90DDR

0

1

Pin function

P90 input

P90 output

CSO0 output
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810 Port A
Port A isa4-bit I/O port that also has other functions. The port A has the following registers.

e Port A datadirection register (PADDR)
o Port A dataregister (PADR)
o Port A register (PORTA)

8.10.1 Port A Data Direction Register (PADDR)

Theindividual bits of PADDR specify input or output for the pins of port A. PADDR cannot be
read; if itis, an undefined value will be read.

Initial
Bit Bit Name Value R/W  Description
7t04 — Undefined — Reserved
If these bits are read, an undefined value will be read.
These bits cannot be modified.
3 PA3DDR 0 w When a pin function is specified to a general purpose
2 PA2DDR 0 W I/Q, setting this.bit to.1 make§ the porrlesponding port A
pin an output pin, while clearing this bit to 0 makes the
1 PA1DDR 0 W pin an input pin.
0 PAODDR 0 w

8.10.2 Port A Data Register (PADR)

PADR stores output data for the port A pins.

Initial
Bit Bit Name Value R/W  Description
7to4 — Undefined — Reserved
If these bits are read, an undefined value will be read.
These bits cannot be modified.
3 PA3DR 0 R/W  Output data for a pin is stored when the pin function is
2 PA2DR 0 R/W specified to a general purpose output.
1 PA1DR 0 R/W
0 PAODR 0 R/W
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8.10.3

Port A Register (PORTA)

PORTA shows the pin states of the port A. PORTA cannot be modified.

Initial
Bit Bit Name Value R/W  Description
7 RxDMON —x1 R This bit is read as the reversed value of the
HUDIDI/RxDO pin. 1 is read when the HUDIDI/RxDO pin
is low, and 0 is read when HUDIDI/RxDO pin is high.
6to4 — Undefined — Reserved
If these bits are read, an undefined value will be read.
3 PA3 — R If a PORTA read is performed while PADDR bits are set
2 PA2 a2 R to 1, the PADR values are read. If a PORTA read is
Y2 performed while PADDR bits are cleared to 0, the pin
1 PA1 - R states are read.
0 PAO —x? R

Notes: 1. Determined by the state of the HUDIDI/RxDO pin.
2. Determined by the states of pins PA3 to PAO.

8.10.4

Pin Functions

Port A pins aso function as the pins for external address bus output, external bus control signal
output, and interrupt input. The correspondence between the register specification and the pin
functionsis shown below.

e PA3/A19/CS3

The pin function is switched as shown below according to the combination of the PASDDR
bit, the EXPE bit in MDCR, and the CS3E and AHOE bhitsin PFCR1.

EXPE 0 1

CS3E — 0 1
AHOE — 0 1 —
PA3DDR 0 1 0 1 — —

Pin function PA3input | PA3 output | PA3input | PA3 output | A19 output |CS3 output
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o PA2/A18/UCAS

The pin function is switched as shown below according to the combination of the PA2DDR
bit, the EXPE bit in MDCR, and the AHOE bit in PFCRL1.

EXPE 0 1

Area 2 — Normal space DRAM space
AHOE — 0 1 —
PA2DDR 0 1 0 1 — —

Pin function PA2 input | PA2 output | PA2input | PA2 output | A18 output |UCAS output

e PA1/A18/UCAS

The pin function is switched as shown below according to the combination of the PA2DDR
bit, the EXPE bit in MDCR, and the AHOE bit in PFCRL1.

EXPE 0 1

Area 2 — Normal space DRAM
space

AHOE — 0 1 —

PA1DDR 0 1 0 1 — —

Pin function PA1 input | PA1output | PA1input | PA1 output | A17 output LCAS
output

IRQ1 interrupt input*

Note: * When ISS1 = 1, this pin functions as IRQ1 interrupt input.

« PAO/A16/(IRQO)

The pin function is switched as shown below according to the combination of the PAODDR
bit, the EXPE bit in MDCR, the AHOE bit in PFCR1, and the ISSO bit in ISSR.

EXPE 0 1

AHOE — 0 1

PAODDR 0 1 0 1 —

Pin function PAO input PAO output PAO input PAO output A16 output
TRQO interrupt input*

Note: * When ISSO = 1, this pin functions as IRQO interrupt input.
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8.11

8111

Pin Selection

Port Function Control Register 1 (PFCR1)

PFCR1 performs |/O port control for the external interface pin and ¢ output pin.

Bit

Bit Name

Initial
Value

R/W

Description

0

R/W

Reserved

This bit can be read from or written to. However, the
write value should always be 0.

CS1E

R/W

CS1 Enable

Enables or disables output for CS1.

0: Set as I/0O port

1: Set as CS1 output pin

CS2E

R/W

CS2 Enable

Enables or disables output for CS2.

0: Set as 1/0O port

1: Set as CS2 output pin

CS3E

R/W

CS3 Enable

Enables or disables output for CS3.

0: Set as I/O port

1: Set as CS3 output pin

CKOE

R/W

¢ Output Enable

Enables or disables output for ¢.

0: Set as I/0 port
1: Set as ¢ output pin

ALOE

R/W

Address Output Enable
Enables or disables address output.

0: Set as I/O port

1: Set A7 to AO pins as address output pins

AMOE

R/W

Address Output Enable
Enables or disables address output.

0: Set as I/O port

1: Set A15 to A8 pins as address output pins
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Initial
Bit Bit Name Value R/W Description

0 AHOE 0 R/W Address Output Enable
Enables or disables address output.
0: Set as 1/0O port
1: Set A19 to A16 pins as address output pins

8.11.2 IRQ SensePort Select Register (1SSR)
ISSR selects the input pins for IRQ7 to IRQO.

Initial
Bit Bit Name Value R/W Description

7 ISS7 0 R/W Selects an input pin for IRQ7.
0: P77
1: P57

6 ISS6 0 R/W Selects an input pin for IRQ6.
0: P76
1: P56

5 ISS5 0 R/W Selects an input pin for IRQ5.
0: P75
1: P35

4 ISS4 0 R/W Selects an input pin for IRQ4.
0: P74
1: P34

3 ISS3 0 R/W Selects an input pin for IRQ3.
0: P73
1: P53

2 1ISS2 0 R/W Selects an input pin for IRQ2.
0: P72
1: P52

1 ISSH1 0 R/W Selects an input pin for IRQ1.
0: P71
1: PA1

0 ISSO 0 R/W Selects an input pin for IRQO.
0: P70
1: PAO
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Section9 8-Bit Timer (TMR)

This LS| has an on-chip 8-bit timer module with two channels operating on the basis of an 8-bit
counter. The 8-bit timer module can be used to count external events and be used as a
multifunction timer in avariety of applications, such as generation of counter reset, interrupt
reguests, and pulse output with an arbitrary duty cycle using a compare-match signal with two
registers.

9.1 Features

e 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

e Selection of three waysto clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal

e Timer output control by a combination of two compare match signals

The timer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to generate output waveforms with an arbitrary duty
cycle or PWM output

e Provision for cascading of two channels (TMR_0 and TMR_1)

Operation as a 16-bit timer is possible, using TMR_0 for the upper 8 bitsand TMR_1 for the
lower 8 bits (16-bit count mode)

TMR_1 can be used to count TMR_0 compare matches (compare match count mode)
e Three independent interrupts
Compare match A and B and overflow interrupts can be requested independently
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Figure 9.1 shows a block diagram of the 8-bit timer module (TMR_0 and TMR_1).

External clock source Internal clock sources

TMR_0 TMR_1

TMCIO
T™MCIH

/8 /8
/64 /64
#8192 ¢/8192

Clock 1

Clock select

Clock 0

[ TcoRra o TCORA_1 K

Compare match A1 k) k)

Compare match AO| Comparator A_0 Comparator A_1 |

TMOO ~—

Overflow 1 (ﬁ V. (ﬁ e

TMRIO —] Overflow 0 | TonT o TONT1 K

TMO1 =—
TMRI1 ——

Clear0 /
Clear 1
. Compare match B1
Control logic Compare match B0 | Comparator B_0 I:' Comparator B_1 |

[ TcorB o | TcORB 1 KT
e— ST = R e—
——— | Tero A TRt K

|—> CMIAO

— CMIBO
— 0VIo
— CMIA1
———— CMIB1
——_— )Y/}

Interrupt signals

[Legend]
TCORA_O : Time constant register A_0 TCORA_1 : Time constant register A_1
TCORB_O : Time constant register B_0 TCORB_1 : Time constant register B_1

TCNT_O: Timer counter_0

TCNT_1: Timer counter_1

TCSR_0: Timer control/status register_0 TCSR_1: Timer control/status register_1

TCR_O0:  Timer control register_0

TCR_1:  Timer control register_1

Internal bus

Figure9.1
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9.2 I nput/Output Pins
Table 9.1 shows the pin configuration of the 8-bit timer module.

Table9.1 Pin Configuration

Channel Name Symbol /0 Function

0 Timer output pin TMOO Output Outputs at compare match
Timer clock input pin TMCIO Input Inputs external clock for counter
Timer reset input pin TMRIO Input Inputs external reset to counter

1 Timer output pin TMOf1 Output Outputs at compare match
Timer clock input pin TMCH Input Inputs external clock for counter
Timer reset input pin TMRIA Input Inputs external reset to counter

9.3 Register Descriptions

The 8-bit timer module has the following registers. For details on the module stop control register,
refer to section 16.1.2 Module Stop Control RegistersH and L (MSTPCRH, MSTPCRL).

e Timer counter_O (TCNT_0)

e Time constant register A_0 (TCORA_0)
e Time constant register B_0 (TCORB_0)
e Timer control register 0 (TCR_0)

e Timer control/status register 0 (TCSR_0)
e Timer counter 1 (TCNT_1)

e Time constant register A_1 (TCORA_1)
e Time constant register B_1 (TCORB_1)
e Timer control register 1 (TCR_1)

e Timer control/status register 1 (TCSR_1)

931 Timer Counter (TCNT)

TCNT is 8-hit up-counter. TCNT_0 and TCNT_1 comprise asingle 16-hit register so they can be
accessed together by aword transfer instruction. Bits CKS2 to CKS0 in TCR are used to select a
clock. TCNT can be cleared by an external reset input or by a compare match signal A or B.
Which signal isto be used for clearing is selected by bits CCLR1 and CCLRO in TCR. When
TCNT overflows from H'FF to H'00, OVF in TCSR isset to 1. TCNT isinitialized to H'00.
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9.3.2 Time Constant Register A (TCORA)

TCORA is 8-bit readable/writable register. TCORA_0 and TCORA _1 comprise asingle 16-hit
register so they can be accessed together by aword transfer instruction.

Thevaluein TCORA iscontinually compared with the value in TCNT. When a match is detected,
the corresponding CMFA flagin TCSR isset to 1. Note, however, that comparison is disabled
during the T2 state of a TCORA write cycle.

The timer output from the TMO pin can be freely controlled by this compare match signal
(compare match A) and the settings of bits OS1 and OS0 in TCSR.

TCORA isinitiaized to H'FF.

9.3.3 Time Constant Register B (TCORB)

TCORSB is 8-hit readable/writable register. TCORB_0 and TCORB_1 comprise asingle 16-bit
register so they can be accessed together by aword transfer instruction.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding CMFB flag in TCSR isset to 1. Note, however, that comparison is disabled during
the T2 state of a TCOBR write cycle.

The timer output from the TMO pin can be freely controlled by this compare match signal
(compare match B) and the settings of bits OS3 and OS2 in TCSR.

TCORB isinitialized to H'FF.

9.34 Timer Control Register (TCR)

TCR selects the clock source and the time at which TCNT is cleared, and controls interrupts.

Initial
Bit Bit Name Value R/W Description
7 CMIEB 0 R/W Compare Match Interrupt Enable B

Selects whether CMFB interrupt requests (CMIB) are
enabled or disabled when the CMFB flag in TCSR is set
to 1.

0: CMFB interrupt requests (CMIB) are disabled
1: CMFB interrupt requests (CMIB) are enabled
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Bit

Initial

Bit Name Value

R/W

Description

CMIEA 0

R/W

Compare Match Interrupt Enable A

Selects whether CMFA interrupt requests (CMIA) are
enabled or disabled when the CMFA flag in TCSR is set
to 1.

0: CMFA interrupt requests (CMIA) are disabled
1: CMFA interrupt requests (CMIA) are enabled

OVIE 0

R/W

Timer Overflow Interrupt Enable

Selects whether OVF interrupt requests (OVI) are
enabled or disabled when the OVF flag in TCSR is set
to 1.

0: OVF interrupt requests (OVI) are disabled
1: OVF interrupt requests (OVI) are enabled

CCLR1
CCLRoO

R/W
R/W

Counter Clear 1 and 0

These bits select the method by which TCNT is cleared
00: Clearing is disabled

01: Clear by compare match A

10: Clear by compare match B

11: Clear by rising edge of external reset input

CKS2
CKS1
CKSO0

R/W
R/W
R/W

Clock Select2to 0

These bits select the clock input to TCNT and count
condition. See table 9.2.
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Table9.2 Clock Input to TCNT and Count Condition

TCR
Channel Bit2 Bit 1 Bit 0
CKS2 CKs1 CKSO0 Description
TMR_O 0 0 0 Clock input disabled
1 Internal clock, counted at falling edge of ¢/8
1 0 Internal clock, counted at falling edge of ¢/64
1 Internal clock, counted at falling edge of ¢/8192
1 0 Count at TCNT_1 overflow signal*
TMR_1 0 0 Clock input disabled
1 Internal clock, counted at falling edge of ¢/8
1 0 Internal clock, counted at falling edge of ¢/64
1 Internal clock, counted at falling edge of ¢/8192
1 0 0 Count at TCNT_0 compare match A*
All 1 0 1 External clock, counted at rising edge
1 0 External clock, counted at falling edge
1 1 External clock, counted at both rising and falling edges

Note: If the count input of TMR_O is the TCNT_1 overflow signal and that of TMR_1 is the
TCNT_0 compare match signal, no incrementing clock is generated. Do not use this setting.

9.35 Timer Control/Status Register (TCSR)

TCSR displays status flags, and controls compare match output.

Initial
Bit Bit Name Value R/W Description
7 CMFB 0 R/(W)* Compare Match Flag B

[Setting condition]
e Set when TCNT matches TCORB
[Clearing condition]

o Cleared by reading CMFB when CMFB = 1, then
writing 0 to CMFB
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Initial
Bit Bit Name Value R/W Description

6 CMFA 0 R/(W)* Compare Match Flag A
[Setting condition]
e Set when TCNT matches TCORA
[Clearing condition]

o Cleared by reading CMFA when CMFA = 1, then
writing 0 to CMFA

5 OVF 0 R/(W)* Timer Overflow Flag
[Setting condition]
e Set when TCNT overflows from H'FF to H'00
[Clearing condition]

e Cleared by reading OVF when OVF = 1, then writing
0to OVF

4 — Undefined — Reserved

This bit is always read as an undefined value, and
cannot be modified.

3 0S3 0 R/W Output Select 3 and 2

2 0S2 0 R/W These bits select a method of TMO pin output when
compare match B of TCORB and TCNT occurs.

00: No change when compare match B occurs

01: 0 is output when compare match B occurs
10: 1 is output when compare match B occurs

11: Output is inverted when compare match B occurs
(toggle output)

0OS1 0 R/W Output Select 1 and 0

0 0S0 0 R/W These bits select a method of TMO pin output when
compare match A of TCORA and TCNT occurs.

00: No change when compare match A occurs

01: 0 is output when compare match A occurs
10: 1 is output when compare match A occurs

11: Output is inverted when compare match A occurs
(toggle output)

Note: Only 0 can be written to clear these flags.

Rev. 2.00, 03/04, page 269 of 534
RENESAS



9.4 Operation

94.1 Pulse Output

Figure 9.2 shows an example that the 8-bit timer is used to generate a pul se output with a selected
duty cycle. The control bits are set as follows:

1 InTCR, bit CCLR1 iscleared to 0 and bit CCLRO is set to 1 so that the timer counter is
cleared at a TCORA compare match.

2 InTCSR, bits 0OS3 to OS0 are set to B'0110, causing the output to change to 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides output of pulses at a rate determined by TCORA with
a pulse width determined by TCORB. No software intervention is required.

h Counter clear ﬁ

e | I' | I' | I' | |

Figure9.2 Example of Pulse Output
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9.5 Operation Timing

951 TCNT Incrementation Timing

Figure 9.3 shows the count timing for internal clock input. Figure 9.4 shows the count timing for
external clock signal. Note that the external clock pulse width must be at least 1.5 states for
incrementation at asingle edge, and at least 2.5 states for incrementation at both edges. The
counter will not increment correctly if the pulse width is less than these values.

¢ T o rerore

(C
))
Internal clock _l ( | |

Clock input

to TCNT { {

(( ((

TCNT N X N p X N+t
)) ))

Figure9.3 Count Timing for Internal Clock Input

: oo

((

Ext | clock ‘l )]
in);n?trrr])?n oo (( | |_

Clock input

to TCNT { S —
{ {

TCNT N—1 X N X N+

)) ))

Figure9.4 Count Timing for External Clock Input
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95.2 Timing of CMFA and CMFB Setting when Compare-Match Occurs

The CMFA and CMFB flagsin TCSR are set to 1 by acompare match signal generated when the
TCOR and TCNT values match. The compare match signal is generated at the last state in which
the match istrue, just before the timer counter is updated. Therefore, when TCOR and TCNT
match, the compare match signal is not generated until the next incrementation clock input.
Figure 9.5 shows this timing.

¢ 0 S I B

TCNT N X N+1

TCOR N

Compare match
signal | |

CMF |

Figure9.5 Timing of CMF Setting

9.5.3 Timing of Timer Output when Compare-Match Occurs

When compare match A or B occurs, the timer output changes as specified by bits OS3to OS0 in
TCSR.

Figure 9.6 shows the timing when the output is set to toggle at compare match A.

’ e e 1 e O O O A
Compare match A4,_|
signal (

R
™ RN

Timer output pin | ? |

Figure9.6 Timing of Timer Output
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954 Timing of Compare Match Clear

TCNT is cleared when compare match A or B occurs, depending on the setting of the CCLR1 and
CCLRO bitsin TCR. Figure 9.7 shows the timing of this operation.

¢ S T
C tch
Signmaplare matc I_l

A\

TCNT N X H'00

Figure9.7 Timing of Compare Match Clear

955 Timing of TCNT External Reset

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bitsin TCR. The clear pulse width must be at least 1.5 states. Figure 9.8
shows the timing of this operation.

6 S O I

External reset
input pin |

Clear signal

TCNT N-1 X N X H'00

Figure9.8 Timing of Clearance by External Reset

9.5.6 Timing of Overflow Flag (OVF) Setting

The OVFin TCSRis set to 1 when TCNT overflows (changes from H'FF to H'00). Figure 9.9
shows the timing of this operation.
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TCNT HFF X H00

Overflow signal | |

\

OVF I

Figure9.9 Timing of OVF Setting

9.6 Operation with Cascaded Connection

If bits CKS2 to CKS0 in either TCR_0 or TCR_1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-bit counter
mode) or compare matches of the 8-bit channel 0 could be counted by the timer of channel 1
(compare match count mode). In this case, the timer operates as below.

9.6.1 16-Bit Counter Mode

When bits CKS2 to CKS0 in TCR_0 are set to B'100, 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.

1 Setting of compare match flags

e TheCMF flagin TCSR _0isset to 1 when a 16-bit compare match event occurs.

e TheCMFflagin TCSR 1lissetto 1 when alower 8-bit compare match event occurs.

2 Counter clear specification

e |f the CCLR1 and CCLRO bitsin TCR_0 have been set for counter clear at compare match, the
16-hit counters (TCNT_0 and TCNT _1 together) are cleared when a 16-bit compare match
event occurs. The 16-bit counters (TCNTO and TCNT1 together) are cleared even if counter
clear by the TMRIO pin has also been set.

e The settings of the CCLR1 and CCLRO bitsin TCR_1 are ignored. The lower 8 bits cannot be
cleared independently.

3 Pinoutput

e Control of output from the TMOO pin by bits OS3 to OS0 in TCSR_0 isin accordance with the
16-bit compare match conditions.

e Control of output from the TMO1 pin by bits OS3 to OS0 in TCSR_1 isin accordance with the
lower 8-bit compare match conditions.
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9.6.2 Compare Match Count Mode

When bits CKS2 to CKS0 in TCR_1 are B'100, TCNT _1 counts compare match A's for channel 0.

Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clear are in accordance with the
settings for each channel.

9.7 Interru

pt Sour ces

9.7.1 Interrupt Sources

There are three 8-bit timer interrupt sources; CMIA, CMIB, and OVI. Their relative priorities are
shown in table 9.3. Each interrupt source is set as enabled or disabled by the corresponding
interrupt enable bit in TCR or TCSR, and independent interrupt requests are sent for each to the

interrupt controller.

Table9.3 8-Bit Timer Interrupt Sources

Name Interrupt Source Interrupt Flag Priority
CMIAO TCORA_0 compare match CMFA High
CMIBO TCORB_0 compare match CMFB T
ovio TCNT_O overflow OVF Low
CMIA1 TCORA_1 compare match CMFA High
CMIB1 TCORB_1 compare match CMFB

OV TCNT_1 overflow OVF Low

RENESAS

Rev. 2.00, 03/04, page 275 of 534



9.8 Usage Notes

9.8.1 Contention between TCNT Write and Clear

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed.

Figure 9.10 shows this operation.

TCNT write cycle by CPU
T, T,

T

Address X TCNT address X

Internal write signal

Counter clear signal

TCNT N X H'00

Figure9.10 Contention between TCNT Writeand Clear
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9.8.2 Contention between TCNT Writeand I ncrement

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the counter is not incremented.

Figure 9.11 shows this operation.

TCNT write cycle by CPU
T, T,

T

Address X TCNT address X

Internal write signal

TCNT input clock

TCNT N X P M

/

Counter write data

Figure9.11 Contention between TCNT Writeand I ncrement
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9.8.3 Contention between TCOR Write and Compare Match

During the T, state of a TCOR write cycle, the TCOR write has priority and the compare match
signal isinhibited even if acompare match event occurs as shown in figure 9.12.

In TMR, an ICR imput capture conflicts with a compare match in the same way as with awriteto
TCOR. Inthis case also, imput capture has priority and the compare match signal is inhibited.

TCOR write cycle by CPU
T Ta

T

Address X TCOR address X

Internal write signal

TCNT N X N+1
TCOR N X P
TCOR write data
Compare match signal : \
Inhibited

Figure9.12 Contention between TCOR Write and Compare Match
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9.84 Contention between Compare Matches A and B

If compare match events A and B occur at the same time, the 8-bit timer operates in accordance
with the priorities for the output statuses set for compare match A and compare match B, as shown
in table 9.4.

Table9.4 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

9.85 Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 9.5 showsthe
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CK SO bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseisdetected. If clock switching causes a change from high to low level, as shownincase 3in
table 9.5, aTCNT clock pulse is generated on the assumption that the switchover is afalling edge.
Thisincrements TCNT.

The erroneous incrementation can also happen when switching between internal and external
clocks.
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Table9.5 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1

No. and CKSO Bits TCNT Clock Operation
T elon e L LT
Clock after :
switchover
TCNT clock :
TCNT N )( N+ 1 X
CKS t;it write
P rST  weee LT 1L
Clock after ‘
switchover
TCNT clock
TCNT N X N+t X N+2 X
CKS bi:t write
S e e LT

Clock after
switchover

TCNT clock

TCNT

CKS bit write
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No.

Timing of Switchover
by Means of CKS1
and CKSO Bits

TCNT Clock Operation

Switching from high
to high

Clock before
switchover _,—\_, | | : |

Clock after
switchover

TCNT clock I 3“

TCNT N X N+t X nNez X

CKS bit write

Notes: 1.
2.
3.
4.

9.8.6

Includes switching from low to stop, and from stop to low.

Includes switching from stop to high.

Includes switching from high to stop.

Generated on the assumption that the switchover is a falling edge; TCNT is

incremented.

Mode Setting with Cascaded Connection

If 16-bit counter mode and compare match count mode are specified at the same time, input clocks
for TCNT_Oand TCNT _1 are not generated, and the counter stops. Do not specify 16-bit counter
and compare match count modes simultaneously.

9.8.7

Interruptsin Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source. Interrupts should therefore be disabled before entering module stop

mode.
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Section 10 Watchdog Timer (WDT)

This LSl incorporates an 8-bit watchdog timer with one channel (WDT). If asystem crash
prevents the CPU from writing to the timer counter, thus allowing it to overflow, the WDT can
generate an internal reset signal or an internal NMI interrupt signal.

When this watchdog function is not needed, the WDT can be used as an interval timer. In interval
timer operation, an interval timer interrupt is generated each time the counter overflows. A block
diagram of the WDT is shown in figure 10.1.

10.1 Features

e Selectable from eight counter input clocks.
e Switchable between watchdog timer mode and interval timer mode

Watchdog Timer Mode;
e |f the counter overflows, an internal reset or an internal NMI interrupt is generated.
Internal Timer Mode:

o |f the counter overflows, an internal timer interrupt (WOV1) is generated.

..................................................................

, ~——9/2 :
wovI -~ ~——0/64 |
(Interrupt request signal) : Interrupt ~——0/128 i
ptreq gnal) | control Clock |=——¢/512 !
\ Overflow Clock ! '
Internal NMI - selection [=——¢/2048 '
(Interrupt request signal) ! Reset ~—— /8192 !
! control (/32768 .
Internal reset signal «—— [«——¢/131072 |
. Internal clock '
: t

s 1y

! TCNT T A

: v -~ ] |2

: ' |E

, ]

| Bus Ve
. Module bus interface ]
e WDT == m - mm e J

Legend

TCSR : Timer control/status register
TCNT : Timer counter

Figure10.1 Block Diagram of WDT
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10.2 Register Descriptions

The WDT has the following registers. To prevent accidental overwriting, TCSR and TCNT have
to be written to in a method different from normal registers. For details, see section 10.5.1, Notes
on Register Access.

e Timer counter (TCNT)
e Timer control/status register (TCSR)

10.21 Timer Counter (TCNT)

TCNT isan 8-bit readable/writable up-counter. TCNT isinitialized to H'00 when the TME bit in
timer control/status register (TCSR) is cleared to O.

10.2.2 Timer Control/Status Register (TCSR)

TCSR selects the clock source to be input to TCNT, and the timer mode.

Initial

Bit Bit Name Value R/W Description

7 OVF 0 R/(W)*' Overflow Flag
Indicates that TCNT has overflowed (changes from H'FF
to H'00).
[Setting condition]
When TCNT overflows (changes from H'FF to H'00)
When internal reset request generation is selected in
watchdog timer mode, OVF is cleared automatically by
the internal reset.
[Clearing conditions]
e When TCSR is read when OVF = 1*?, then 0 is

written to OVF

e When 0 is written to TME

6 WTAT 0 R/W Timer Mode Select
Selects whether the WDT is used as a watchdog timer or
interval timer.

0: Interval timer mode
1: Watchdog timer mode
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Initial
Bit Bit Name Value R/W Description
5 TME 0 R/W Timer Enable
When this bit is set to 1, TCNT starts counting.

When this bit is cleared, TCNT stops counting and is
initialized to H'00.

4 — 0 R/W Reserved
The initial value should not be changed.
3 RST/NMI 0 R/W Reset or NMI

Selects to request an internal reset or an NMI interrupt
when TCNT has overflowed.

0: An NMl interrupt is requested
1: An internal reset is requested

2 CKS2 0 R/W Clock Select2to0 0
CKSH1 0 R/W Selects the clock source to be input to. The overflow
0 CKSO 0 R/W frequency for ¢ = 33 MHz is enclosed in parentheses.

000: ¢/2 (frequency: 15.5 us)

001: ¢/64 (frequency: 496.4 us)
010: $/128 (frequency: 992.9 us)
011: ¢/512 (frequency: 3.9 ms)

100: ¢/2048 (frequency: 15.8 ms)
101: ¢/8192 (frequency: 63.5 ms)
110: ¢/32768 (frequency: 254.2 ms)
111: ¢/131072 (frequency: 1.01 s)

Notes: 1. Only 0 can be written to clear the flag.

2. When the OVF flag is polled with the interval timer interrupt disabled, OVF = 1 must be
read at least twice.
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10.3  Operation

10.31 Watchdog Timer Mode

To usethe WDT as awatchdog timer, set the WT/IT bit and the TME bit in TCSR to 1. While the
WDT isused as awatchdog timer, if TCNT overflows without being rewritten because of a
system malfunction or another error, an internal reset or NMI interrupt request is generated. TCNT
does not overflow while the system is operating normally. Software must prevent TCNT
overflows by rewriting the TCNT value (normally be writing H'00) before overflows occurs.

If the RST/NMI bit of TCSR is set to 1, when the TCNT overflows, an internal reset signal for this
LSl isissued for 518 system clocks as shown in figure 10.2. If the RST/NMI hit is cleared to O,
when the TCNT overflows, an NMI interrupt request is generated.

Aninternal reset request from the watchdog timer and a reset input from the RES pin are
processed in the same vector. Reset source can be identified by the XRST bit statusin SY SCR.
If areset caused by asignal input to the RES pin occurs at the same time as a reset caused by a
WDT overflow, the RES pin reset has priority and the XRST bit in SYSCR is set to 1.

An NMI interrupt request from the watchdog timer and an interrupt request from the NMI pin are
processed in the same vector. Do not handle an NMI interrupt request from the watchdog timer
and an interrupt request from the NMI pin at the same time.

TCNT value
Overflow

H'00 + Time
b Nt/ RN
WT/AT=1 Write H'00 to OVF =1* | WT/IT=1 Wirite H'00 to
TME =1 TCNT \ TME=1 TCNT
Internal reset signal | ‘
|<—>

518 System clocks

WT/IT : Timer mode select bit
TME : Timer enable bit
OVF : Overflow flag

Note * After the OVF bit becomes 1, it is cleared to 0 by an internal reset.
The XRST bit is also cleared to 0.

Figure10.2 Watchdog Timer Mode (RST/NMI = 1) Operation
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10.3.2 Interval Timer Mode

When the WDT isused as an interval timer, an interval timer interrupt (WOVI) is generated each
time the TCNT overflows, as shown in figure 10.3. Therefore, an interrupt can be generated at
intervals. When the TCNT overflows in interval timer mode, an interval timer interrupt (WOVI) is
requested at the same time the OVF bit of TCSR is set to 1. The timing is shown figure 10.4.

TCNT value
Overflow Overflow Overflow Overflow
[l S R e Rty EEE T T T e
H'00 f # # Time
WT/T=0 wovI wovl wovI wovl
TME =1

WOVI : Internal timer interrupt request occurrence

Figure10.3 Interval Timer Mode Operation

; TL L L L

TONT \  HFF X H00

Overflow signal I_l
(internal signal) ((
) \

OVF ( |

Figure10.4 OVF Flag Set Timing
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10.3.3 Watchdog Timer Overflow Flag (OVF) Timing

When TCNT overflows in watchdog timer mode, the OVF bitin TCSRisset to 1. When the
RST/NMI hit is 1 here, the internal reset signal is generated for theentire LSl. Thetiming is
shown in figure 10.5.

o T LI LI UL

TCNT % H'FF H'00 %

Overflow signal | |
(internal signal) (( ((

OVF (

))
Internal reset ( |~7 518 states ———

signal ))

Figure10.5 Output Timing of OVF

104  Interrupt Sources

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
Theinterval timer interrupt is requested whenever the OVF flag isset to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine.

When the NMI interrupt request is selected in watchdog timer mode, an NMI interrupt request is
generated by an overflow.

Table10.1 WADT Interrupt Source

Name Interrupt Source Interrupt Flag

WOVI TCNT overflow OVF
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10.5 Usage Notes

10.5.1 Noteson Register Access

The watchdog timer's registers, TCNT and TCSR differ from other registersin being more
difficult to write to. The procedures for writing to and reading from these registers are given
below.

Writingto TCNT and TCSR:

These registers must be written to by aword transfer instruction. They cannot be written to by a
byte transfer instruction.

TCNT and TCSR hoth have the same write address. Therefore, satisfy the relative condition
shown in figure 10.6 to write to TCNT or TCSR. To writeto TCNT, the higher bytes must
contain the value H'5A and the lower bytes must contain the write data before the transfer
instruction execution. To writeto TCSR, the higher bytes must contain the value H'A5 and the
lower bytes must contain the write data.

<TCNT write>
15 8 7 0

H'5A Write data

Address : H'FE70 0

<TCSR write>
15 8 7 0

Address : HFE70 ¢ | H'AS | Write data

Figure10.6 Writingto TCNT and TCSR
Reading from TCNT and TCSR:

These registers are read in the same way as other registers. The read addressis H'FE70 for TCSR
and H'FE71 for TCNT.
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10.5.2 Conflict between Timer Counter (TCNT) Writeand Increment

If atimer counter clock pulseis generated during the T2 state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 10.7 shows this operation.

TCNT write cycle
T

Address X X

Internal write signal

TCNT N M

TCNT input clock | |

X

(

Counter write data

Figure10.7 Conflict between TCNT Writeand I ncrement

10.5.3 Changing Values of CKS2 to CK S0 Bits

If bits CKS2 to CKS0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) before
changing the values of bits CKS2 to CKS0.

10.54  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, while the WDT is operating, errors
could occur in the incrementation. Software must stop the watchdog timer (by clearing the TME
bit to 0) before switching the mode.

Rev. 2.00, 03/04, page 290 of 534
RENESAS




Section 11 Serial Communication Interface for Boot Mode
(SCI)

This LS| has a serial communication interface for boot mode (SCI) which is on-board
programming mode of flash memory. The SCI can handle asynchronous serial communication.
Seria data communication can be carried out with standard asynchronous communication chips
such asaUniversal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA). Figure 11.1 shows a block diagram of the SCI.

11.1 Features

e Choice of asynchronous or clocked synchronous serial communication mode
o Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously. Double-buffering is used in both the transmitter and the receiver,
enabling continuous transmission and continuous reception of serial data

e On-chip baud rate generator alows any hit rate to be selected
e Choice of LSB-first
e Four interrupt sources

Four interrupt sources— transmit-end, transmit-data-empty, receive-data-full, and receive
error — that can issue requests.

e Module stop mode can be set
Asynchronous mode

e Datalength: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

o Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error

Rev. 2.00, 03/04, page 291 of 534
RENESAS



Module data bus

Internal
C data bus

Bus interface

[ rorR | | TOR | SSR BRR —
] SCR
N UT | == L
Baud rate /4
RxD _>| | RSR | | | TSR generator ¢
Transmission/ ~— ¢/16
<D reception control — /64
Parity generation Clock
Parity check
TEI
I
[Legend] RXI
RSR: Receive shift register ERI
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
Figure11l.1 Block Diagram of SCI
11.2  Input/Output Pins
Table 11.1 shows the pin configuration of the SCI.
Table11.1 Pin Configuration
Channel Pin Name* 1/0 Function
0 RxDO Input Channel 0 receive data input
TxDO Output Channel 0 transmit data output

Note: * Pin names RxD and TxD are used in the text, omitting the channel designation.
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11.3 Register Descriptions

The SCI has the following registers. For details on the module stop control register, see section
16.1.2, Module Stop Control RegistersH and L (MSTPCRH, MSTPCRL). To read the state of the
RxD pin, see section 8.10.3, Port A Register (PORTA).

e Receive shift register (RSR)
e Transmit shift register (TSR)
e Receive dataregister (RDR)
e Transmit dataregister (TDR)
e Serial moderegister (SMR)
o Seria control register (SCR)
e Seria statusregister (SSR)

e Bitrateregister (BRR)

11.31 Receive Shift Register (RSR)

RSR is a shift register used to receive serial data that isinput to the RxD pin and convert it into
parallel data. When one byte of data has been received, it istransferred to RDR automatically.
RSR cannot be directly accessed by the CPU.

11.3.2 Receive Data Register (RDR)

RDR is an 8-hit register that stores receive data. When the SCI has received one byte of seria
data, it transfers the received seria datafrom RSR to RDR whereit is stored. After this, RSR is
receive-enabled. Since RSR and RDR function as a double buffer in this way, enables continuous
receive operations to be performed. After confirming that the RDRF bit in SSR is set to 1, read
RDR for only once. RDR cannot be written to by the CPU.

11.3.3 Transmit Data Register (TDR)

TDR isan 8-bit register that stores transmit data. When the SCI detectsthat TSR is empty, it
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structures of TDR and TSR enable continuous seria transmission. If the next transmit data has
already been written to TDR during serial transmission, the SCI transfers the written datato TSR
to continue transmission. Although TDR can be read or written to by the CPU at all times, to
achieve reliable serial transmission, write transmit datato TDR for only once after confirming that
the TDRE bit in SSRisset to 1.
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11.34  Transmit Shift Register (TSR)

TSR isashift register that transmits serial data. To perform seria data transmission, the SCI first
transfers transmit data from TDR to TSR, then sends the data to the TxD pin starting. TSR cannot
be directly accessed by the CPU.

11.35 Serial Mode Register (SMR)

SMR is used to set the SCl's serial transfer format and select the on-chip baud rate generator clock
source.

Initial
Bit Bit Name Value R/W Description
7 C/A 0 R/W  Communication Mode
0: Asynchronous mode
1: Setting prohibited
6 CHR 0 R/W Character Length (enabled only in asynchronous mode)
0: Selects 8 bits as the data length.
1: Selects 7 bits as the data length. The MSB (bit 7) of
TDR is not transmitted in transmission.
5 PE 0 R/W Parity Enable (enabled only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception.

4 OE 0 R/W Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

3 STOP 0 R/W Stop Bit Length (enabled only in asynchronous mode)
Selects the stop bit length in transmission.
0: 1 stop bit
1: 2 stop bits

In reception, only the first stop bit is checked regardless
of the STOP bit setting. If the second stop bit is 0, it is
treated as the start bit of the next transmit character.

2 — 0 R/W Reserved

The initial value should not be changed.
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Initial

Bit Bit Name Value R/W Description
1 CKSH1 0 R/W Clock Select 1 and 0
0 CKS0 0 R/W These bits select the clock source for the on-chip baud

rate generator.

00: ¢ clock (n =0)
01: ¢/4 clock (n=1)
10: ¢/16 clock (n = 2)
11: $/64 clock (n = 3)

For the relation between the bit rate register setting and
the baud rate, see section 11.3.8, Bit Rate Register
(BRR). n is the decimal display of the value of n in BRR
(see section 11.3.8, Bit Rate Register (BRR)).

11.3.6  Serial Control Register (SCR)

SCR performs enabling or disabling of SCI transfer operations and interrupt requests, and
selection of the transfer/receive clock source. For details on interrupt requests, refer to section
11.5, Interrupt Sources.

Initial
Bit Bit Name Value R/W Description

7 TIE 0 R/W Transmit Interrupt Enable

When this bit is set to 1, TXI interrupt request is
enabled.

TXI interrupt request cancellation can be performed by
reading 1 from the TDRE flag, then clearing it to 0, or
clearing the TIE bit to 0.

6 RIE 0 R/W Receive Interrupt Enable

When this bit is set to 1, RX| and ERI interrupt requests
are enabled.

RXI and ERI interrupt request cancellation can be
performed by reading 1 from the RDRF flag, or the
FER, PER, or ORER flag, then clearing the flag to 0, or
by clearing the RIE bit to 0.
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Bit Bit Name

Initial
Value

R/W

Description

0

R/W

Transmit Enable

When this bit s set to 1, transmission is enabled. In this
state, serial transmission is started when transmit data
is written to TDR and the TDRE flag in SSR is cleared
to 0. SMR setting must be performed to decide the
transfer format before setting the TE bit to 1.

The TDRE flag in SSR is fixed at 1 if transmission is
disabled by clearing this bit to 0.

R/W

Receive Enable
When this bit is set to 1, reception is enabled.

Serial reception is started in this state when a start bit is
detected in asynchronous mode. SMR setting must be
performed to decide the transfer format before setting
the RE bit to 1.

Clearing the RE bit to 0 does not affect the RDRF, FER,
PER, and ORER flags, which retain their states.

R/W

Reserved
The initial value should not be changed.

2 TEIE

R/W

Transmit End Interrupt Enable

When this bit is set to 1, TEl interrupt request is
enabled. TEI cancellation can be performed by reading
1 from the TDRE flag in SSR, then clearing it to 0 and
clearing the TEND flag to O, or by clearing the TEIE bit
to 0.

1 CKE1
0 CKEO

R/W
R/W

Clock Enable 1 and 0

Selects the clock source.
Asynchronous mode

0X: On-chip baud rate generator
1X: Setting prohibited

Legend: X: Don't care
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11.3.7 Serial StatusRegister (SSR)

SSR isaregister containing status flags of the SCI. Flags TDRE, RDRF, ORER, PER, and FER
can only be cleared.

Initial
Bit Bit Name Value R/W Description

7 TDRE 1 R/(W)* Transmit Data Register Empty
Indicates whether TDR contains transmit data.

[Setting conditions]

e When the TE bitin SCRis 0

e When data is transferred from TDR to TSR, and
data writing to TDR is enabled.

[Clearing condition]

¢ When 0 is written to TDRE after reading TDRE = 1

6 RDRF 0 R/(W)* Receive Data Register Full
Indicates that the received data is stored in RDR.
[Setting condition]
e When serial reception ends normally and receive
data is transferred from RSR to RDR
[Clearing condition]
e When 0 is written to RDRF after reading RDRF = 1

The RDREF flag is not affected and retains its previous
value when the RE bit in SCR is cleared to 0. Exercise
care because if reception of the next data is completed
while the RDRF flag is set to 1, an overrun error occurs
and receive data will be lost.
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Initial
Bit Bit Name Value R/W Description

5 ORER 0 R/(W)* Overrun Error

Indicates that an overrun error occurred while receiving
and the reception has ended abnormally.

[Setting condition]

e When the next serial reception is completed while
RDRF =1

The receive data prior to the overrun error is retained in

RDR, and the data received subsequently is lost. Also,

subsequent serial reception cannot be continued while

the ORER flag is set to 1.

[Clearing condition]
e When 0 is written to ORER after reading ORER = 1

The ORER flag is not affected and retains its previous
state when the RE bit in SCR is cleared to 0.

4 FER 0 R/(W)*  Framing Error

Indicates that a framing error occurred while receiving
in asynchronous mode and the reception has ended
abnormally.

[Setting condition]
¢ When the stop bitis 0

In 2-stop-bit mode, only the first stop bit is checked for a
value of 0; the second stop bit is not checked. If a
framing error occurs, the receive data is transferred to
RDR but the RDRF flag is not set. Also, subsequent
serial reception cannot be continued while the FER flag
is setto 1.

[Clearing condition]
e When 0 is written to FER after reading FER = 1

The FER flag is not affected and retains its previous
state when the RE bit in SCR is cleared to 0.
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Bit

Bit Name

Initial
Value

R/W

Description

3

PER

0

R/(W)*

Parity Error

Indicates that a parity error occurred while receiving in
asynchronous mode and the reception has ended
abnormally.

[Setting condition]
e When a parity error is detected during reception

If a parity error occurs, the receive data is transferred to
RDR but the RDRF flag is not set. Also, subsequent
serial reception cannot be continued while the PER flag
issetto 1.

[Clearing condition]
e When 0 is written to PER after reading PER = 1

The PER flag is not affected and retains its previous
state when the RE bit in SCR is cleared to 0.

2

TEND

Transmit End

[Setting conditions]

e When the TE bitin SCRis 0

e When TDRE = 1 at transmission of the last bit of a
1-byte serial transmit character

[Clearing condition]

e When 0 is written to TDRE after reading TDRE = 1

1,0

AllO

R/W

Reserved
The initial value should not be changed.

Note:

*  Only 0 can be written to clear the flag.
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11.3.8 Bit Rate Register (BRR)

BRR is an 8-hit register that adjusts the bit rate. Asthe SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 11.2 shows
the relationships between the N setting in BRR and hit rate B for asynchronous mode. The initial
value of BRR isH'FF, and it can be read or written to by the CPU at al times.

Table11.2 Relationshipsbetween N Setting in BRR and Bit Rate B

Mode Bit Rate Error
Asynchronous x 10° x 106
Mode B ¢ Error (%) = { b -1} x100

T B4x2201 . (N+1) B x 64 x 221 x (N +1)

Note: B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
¢: Operating frequency (MHz)
n: Determined by the SMR settings shown in the following tables.

SMR Setting
CKS1 CKSO0 n
0 0 0
0 1 1
1 0 2
1 1 3

Table 11.3 shows sample N settings in BRR in asynchronous mode. Table 11.4 shows the
maximum bit rate for each frequency in asynchronous mode.
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Table11.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (1)

Operating Frequency ¢ (MHz)

10 12 12.288
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%)
110 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 129 0.16 2 155 0.16 2 159 0.00
300 2 64 0.16 2 77 0.16 2 79 0.00
600 1 129 0.16 1 155 0.16 1 159 0.00
1200 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 129 0.16 0 155 0.16 0 159 0.00
4800 0 64 0.16 0 77 0.16 0 79 0.00
9600 0 32 -1.36 0 38 0.16 0 39 0.00
19200 0 15 1.73 0 19 -2.34 0 19 0.00
31250 0 9 0.00 0 11 0.00 0 11 2.40
38400 0 7 1.73 0 9 —-2.34 0 9 0.00
Operating Frequency ¢ (MHz)
14 14.7456 16 17.2032
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 070 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191 0.00 2 207 0.16 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 0.16 1 191 0.00 1 207 0.16 1 223 0.00
1200 1 90 0.16 1 95 0.00 1 103 0.16 1 111 0.00
2400 0 181 016 0 191 000 O 207 0.16 O 223 0.00
4800 0 90 0.16 O 95 000 O 103 0.16 O 111 0.00
9600 0 45 -093 0 47 000 O 51 0.16 0 55 0.00
19200 0 22 -093 0 23 000 O 25 0.16 O 27 0.00
31250 0 13 000 O 14 -1.70 O 15 000 O 16 1.20
38400 — — — 0 11 000 O 12 0.16 0 13 0.00
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Table11.3 BRR Settingsfor Various Bit Rates (Asynchronous M ode) (2)

Operating Frequency ¢ (MHz)

18 19.6608 20 25
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 031 3 88 -0.25 3 110  -0.02
150 2 233 016 2 255 0.00 3 64 0.16 3 80 -0.47
300 2 116 0.16 2 127 000 2 129 0.16 2 162  0.15
600 1 233 0.16 1 255 0.00 2 64 0.16 2 80 -0.47
1200 1 116 0.16 1 127 0.00 1 129 0.16 1 162  0.15
2400 0 233 016 0O 255 0.00 1 64 0.16 1 80 —0.47
4800 0 116 0.16 0 127 000 O 129 016 O 162  0.15
9600 0 58 -0.69 0 63 0.00 O 64 0.16 0 80 —0.47
19200 0 28 1.02 0 31 0.00 O 32 -1.36 0 40 -0.76
31250 0 17 0.00 O 19 -1.70 0 19 0.00 O 24 0.00
38400 0 14 234 0 15 0.00 O 15 173 0 19 1.73

Operating Frequency ¢ (MHz)

30 33

Bit Rate Error Error
(bit/s) n N (%) n N (%)
110 3 132 0.13 3 145  0.33
150 3 97 -0.35 3 106  0.39
300 2 194 0.16 2 214 -0.07
600 2 97 -0.35 2 106  0.39
1200 1 194 0.16 1 214  -0.07
2400 1 97 -0.35 1 106  0.39
4800 0 194 0.16 O 214  -0.07
9600 0 97 -0.35 0 106  0.39
19200 0 48 -0.35 0 53 -0.54
31250 0 29 0 0 32 0
38400 0 23 173 0 26 -0.54
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Table11.4 Maximum Bit Ratefor Each Frequency (Asynchronous M ode)

¢ (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
19.6608 614400 0 0
20 625000 0 0
25 781250 0 0
30 937500 0 0
33 1031250 0 0

RENESAS
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11.4  Operation in Asynchronous Mode

Figure 11.2 shows the general format for asynchronous serial communication. One frame consists
of astart bit (low level), followed by transfer data, a parity bit, and finally stop bits (high level). In
asynchronous serial communication, the transmission line is usually held in the mark state (high
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication. In asynchronous serial communication, the
communication lineis usualy held in the mark state (high level). The SCI monitors the
communication line, and when it goes to the space state (low level), recognizes a start bit and
starts serial communication. Inside the SCI, the transmitter and receiver are independent units,
enabling full-duplex communication. Both the transmitter and the receiver also have a double-
buffered structure, so that data can be read or written during transmission or reception, enabling
continuous data transfer.

Idle state
(mark state)
1 LSB MSB 1
Seriall o | po | p1 [ D2 | D3| D4 | D5 | D6 | D7 0| 1 4
data
Start Parity| Stop bit(s)
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bit, 1or

ornone 2 bits

One unit of transfer data (character or frame)

Figure11.2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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1141 DataTransfer Format

Table 11.5 shows the data transfer formats that can be used in asynchronous mode. Any of eight
transfer formats can be selected according to the SMR setting.

Table11.5 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR PE STOP | 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 s | 8-bit data [sTop
0 0 1 | s | 8-bit data |STOP|STOP
0 1 0 s | 8-bit data [ P [stop
0 1 1 s | 8-bit data | P Jstorstop
1 0 0 s | 7-bit data [sTop
1 0 1 s | 7-bit data |sTop|srop
1 1 0 s | 7-bit data | P [stop
1 1 1 s | 7-bit data | P [stop|stop
[Legend]
S: Start bit
STOP: Stop bit
P: Parity bit
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11.4.2 Receive Data Sampling Timing and Reception Margin in Asynchronous M ode

In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 times the bit rate.
In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive datais latched at the middle of each bit by sampling the data at
the rising edge of the 8th pulse of the basic clock as shown in figure 11.3. Thus the reception
margin in asynchronous mode is given by formula (1) below.

%705' (1+F)} x 100 [%]

1
M={(05-——)—-(L-05)F-
b 2N )= ) ... Formula ()

Where M: Reception Margin
N: Ratio of bit rate to clock (N = 16)
D: Clock duty cycle (D =0.5t0 1.0)
L: Framelength (L =9to 12)
F: Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5 in formula (1), areception margin is given by formula
below.

M ={0.5—1/(2 x 16)} x 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be alowed in
system design.

16 clocks

8 clocks
0 7 15| 0 7 150
Internal base m||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
clock A | =

Receive data _T ' Start bit i | DO |D1
(RxD) e = o

Synchronization : o
sampling timing ! '

Data sampling H H
timing H n

Figure11.3 Receive Data Sampling Timing in Asynchronous Mode
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11.4.3

Clock

Aninternal clock generated by the on-chip baud rate generator can be selected as the SCI’ s serial
clock, according to the setting of the C/A bit in SMR and the CKE1 and CKEQ bitsin SCR.

11.4.4  SCI Initialization (Asynchronous M ode)

Before transmitting and receiving data, you should first clear the TE and RE bitsin SCR to 0, then
initialize the SCI as shown in figure 11.4. When the operating mode, transfer format, etc., is
changed, the TE and RE bits must be cleared to 0 before making the change. When the TE bit is
cleared to O, the TDRE flag is set to 1. Note that clearing the RE bit to O does not initialize the
contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

(

Start of initialization

)

Clear TE and RE bits in SCR to 0

Set CKE1 and CKEO bits in SCR
(TE, RE bits = 0)

(1]

Set data transfer format in SMR

[2]

Set value in BRR

(3]

Wait

A

1-bit interval elapsed?

Yes

No

Set TE and RE bits in SCR to 1,
and set RIE, TIE, and TEIE bits

[4]

<Initialization completed>

(1]

(2]
(3]

(4]

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE, and
TEIE, and bits TE and

RE, to 0.

When the clock is selected in
asynchronous mode, it is output
immediately after SCR settings are
made.

Set the data transfer format in SMR.

Write a value corresponding to the
bit rate to BRR. (Not necessary if
an external clock is used.)

Wait at least one bit interval, then
set the TE bit or RE bitin SCR to 1.
Also set the RIE, TIE, and TEIE bits.

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Figure11.4 Sample SCI Initialization Flowchart
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11.45 Data Transmission (Asynchronous Mode)

Figure 11.5 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if is cleared to 0, recognizes that data has been
written to TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit isset to 1 at thistime, atransmit data empty interrupt request (TXI)
is generated. Because the TX| interrupt routine writes the next transmit datato TDR before
transmission of the current transmit data has finished, continuous transmission can be enabled.

3. Dataissent from the TxD pin in the following order: start bit, transmit data, parity bit (may be
omitted depending on the format), and stop bit.

4. The SCI checksthe TDRE flag at the timing for sending the stop bit.

5. If the TDRE flag is 0, the datais transferred from TDR to TSR, the stop bit is sent, and then
serial transmission of the next frame is started.

6. If the TDRE flagis1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the "mark
state” is entered in which 1 isoutput. If the TEIE bit in SCRisset to 1 at thistime, aTEI
interrupt request is generated.

Figure 11.6 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit « bt~ bit bit « bit  bit 1
)) ))
o | po | b1 o7 |on| 1| o | Dol D1 D7 | on Idle state
(( (( (mark state)

)) ))

((
))

TDRE («

J 4 ))
TEND (« 9

)) )) J
TXI interrupt Data written to TDR and TXI interrupt
request generated TDRE flag cleared to 0 in request generated TEl interrupt
TXI interrupt handling routine request generated
1 frame

Y

Figure11.5 Exampleof Operation in Transmission in Asynchronous Mode
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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| Initialization |

C ' )

[

Start of transmission
| Read TDRE flag in SSR |

Yes

Write transmit data to TDR
and clear TDRE flag in SSR to 0

All data transmitted?

No

Read TEND flag in SSR

Yes

Clear TE bitin SCRto 0

<End>

No

(1]

(2]

(3]

(1]

(2]

(3]

SCl initialization:

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bit is set to 1, a frame
of 1s is output, and transmission is
enabled.

SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,
then write data to TDR, and then
clear the TDRE flag to 0.

Figure11.6 Sample Serial Transmission Flowchart
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11.4.6  Serial Data Reception (Asynchronous M ode)

Figure 11.7 shows an example of the operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1.

The SCI monitors the communication line, and if a start bit is detected, performs internal
synchronization, receives receive datain RSR, and checks the parity bit and stop hit.

If an overrun error (when reception of the next data is completed while the RDRF flag is still
set to 1) occurs, the ORER bit in SSRis set to 1. If the RIE bit in SCRisset to 1 at thistime,
an ERI interrupt request is generated. Receive datais not transferred to RDR. The RDRF flag
remainsto be set to 1.

If aparity error is detected, the PER bit in SSR is set to 1 and receive datais transferred to
RDR. If the RIE bit in SCRis set to 1 at thistime, an ERI interrupt request is generated.

If aframing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 and receive
dataistransferred to RDR. If the RIE bit in SCRis set to 1 at thistime, an ERI interrupt
request is generated.

If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an RX| interrupt request is
generated. Because the RXI interrupt routine reads the receive data transferred to RDR before
reception of the next receive data has finished, continuous reception can be enabled.

Start Data Parity Stop Start Data Parity Stop
1 bit (« bit bt bit « bit  bit 1
)) ))
o | po | bt o7 |o1| 1| o | po| D1 p7 | o1 | 0 [ldlestate
( (( (mark state)

)) ))

RDRF (« («

)) J Y )

FER (( ((
)) ))

RXI interrupt RDR data read and RDRF
request flag cleared to 0 in RXI ERI interrupt request
generated interrupt handling routine generated by framing
error

1 frame

Figure11.7 Exampleof SCI Operation in Reception
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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Table 11.6 shows the states of the SSR status flags and receive data handling when areceive error
is detected. If areceive error is detected, the RDRF flag retains its state before receiving data.
Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the ORER,
FER, PER, and RDRF bits to 0 before resuming reception. Figure 11.8 shows a sample flowchart

for serial datareception.

Table11.6 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF*  ORER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR Framing error

0 0 0 1 Transferred to RDR Parity error

1 1 1 0 Lost Overrun error + framing error

1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note: The RDRF flag retains its state before data reception.
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Initialization

(1]

( Start of reception

-

Read ORER, PER, and
FER flags in SSR

(2]

Yes

(3]

( Error handling )

Read RDRF flag in SSR

(4]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

(5]

Clear RE bitin SCRto 0

<End>

(1]

SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

[2] [3] Receive error handling:

(Continued on next page) [4]

(5]

If a receive error occurs, read the
ORER, PER, and FER flags in
SSR to identify the error. After
performing the appropriate error
processing, ensure that the
ORER, PER, and FER flags are
all cleared to 0. Reception cannot
be resumed if any of these flags
are setto 1.

SCI status check and receive
data read :

Read SSR and check that RDRF
=1, then read the receive data in
RDR and clear the RDRF flag to
0. Transition of the RDRF flag
from 0 to 1 can also be identified
by an RXI interrupt.

Serial reception continuation
procedure:

To continue serial reception,
before the stop bit for the current
frame is received, read the
RDREF flag, read RDR, and clear
the RDRF flag to 0.

Figure11.8 Sample Serial Reception Data Flowchart (1)
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(3]

( Error handling

—/

Yes

Overrun error handling

—
!

No
FER=1?
Yes
Framing error handling
No
PER=1?
Yes

Parity error handling

—

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure11.8 Sample Serial Reception Data Flowchart (2)
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11.5 Interrupt Sources

1151 Interruptsin Normal Serial Communication Interface M ode

Table 11.7 shows the interrupt sources in normal serial communication interface mode. A different
interrupt vector is assigned to each interrupt source, and individual interrupt sources can be
enabled or disabled using the enable bitsin SCR.

When the TDRE flag in SSR is set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRissetto 1, a TEI interrupt request is generated.

When the RDRF flag in SSR is set to 1, an RX| interrupt request is generated. When the ORER,
PER, or FER flagin SSRis set to 1, an ERI interrupt request is generated. A TEI interrupt is
generated when the TEND flag is set to 1 whilethe TEIE bit is set to 1. If aTEI interrupt and a
TXI interrupt are generated simultaneously, the TXI interrupt has priority for acceptance.
However, note that if the TDRE and TEND flags are cleared simultaneously by the TXI interrupt
routine, the SCI cannot branch to the TEI interrupt routine later.

Table11.7 SCI Interrupt Sources

Channel Name Interrupt Source Interrupt Flag Priority
0 ERIO Receive Error ORER, FER, PER High
RXI0 Receive Data Full RDRF
TXIO Transmit Data Empty TDRE T
TEIO Transmission End TEND Low
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11.6  Usage Notes

11.6.1 Module Stop Mode Setting

SCI operation can be disabled or enabled using the module stop control register. Theinitial setting
isfor SCI operation to be halted. Register accessis enabled by clearing module stop mode. For
details, refer to section 16, Power-Down Modes.

11.6.2 Relation between Writesto TDR and the TDRE Flag

The TDRE flag in SSR is a status flag that indicates that transmit data has been transferred from
TDR to TSR. When the SCI transfers datafrom TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR regardless of the state of the TDRE flag. However, if new datais
written to TDR when the TDRE flag is cleared to O, the data stored in TDR will be lost since it has
not yet been transferred to TSR. It istherefore essential to check that the TDRE flag isset to 1
before writing transmit datato TDR.

11.6.3 Operation in Case of Mode Transition

e Transmission
Operation should be stopped (by clearing TE, TIE, and TEIE to 0) before making amodule
stop mode or software standby mode transition. TSR, TDR, and SSR are reset. The output pin
states in module stop mode or software standby mode depend on the port settings, and become
high-level output after the relevant modeis cleared. If atransition is made during transmission,
the data being transmitted will be undefined.
When transmitting without changing the transmit mode after the relevant mode is cleared,
transmission can be started by setting TE to 1 again, and performing the following sequence:
SSR read — TDR write — TDRE clearance. To transmit with a different transmit mode after
clearing the relevant mode, the procedure must be started again from initialization.
Figure 11.9 shows a sample flowchart for mode transition during transmission.

e Reception
Receive operation should be stopped (by clearing RE to 0) before making a module stop mode
or software standby mode transition. RSR, RDR, and SSR are reset. If atransition is made
during reception, the data being received will beinvalid.
To continue receiving without changing the reception mode after the relevant modeis cleared,
set RE to 1 before starting reception. To receive with a different receive mode, the procedure
must be started again from initialization.
Figure 11.10 shows a sample flowchart for mode transition during reception.
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<Transmission>

All data No [1]
transmitted?

Yes |-=

Read TEND flag in SSR

No

TEND =1

—
-l

Yes

TE=0 [2]

Transition to software 3
standby mode [3]

Exit from software
standby mode

Change No

(1]

(2]

(3]

operating mode?

Yes

Data being transmitted is interrupted.
After exiting software standby mode,
normal CPU transmission is possible
by setting TE to 1, reading SSR, writ-
ing TDR, and clearing TDRE to 0.

If TIE and TEIE are set to 1, clear
them to 0 in the same way.

Includes module stop mode.

Initialization

TE=1

—
-

<Start of transmission>

Figure11.9 SampleFlowchart for Mode Transition during Transmission
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<Reception>
I
Read RDREF flag in SSR

No [1] [11 Receive data being received
becomes invalid.

Read receive data in RDR

—
e~

RE=0

Transition to software
standby mode (2 [2]

Exit from software
standby mode

Includes module stop mode.

Change No

operating mode?

Yes

Initialization RE =1

—
e~

<Start of reception>

Figure11.10 Sample Flowchart for Mode Transition during Reception
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Section 12 Universal Serial Bus 2 (USB2)

This LSl incorporates a USB2 function modul e supporting the USB standard. Figure 12.1 shows
the block diagram of the USB2.

12.1 Features

e Supports the USB version 2.0
USB standard requests are processed automatically (except for some requests)
Get Descriptor, Class, and Vendor requests are processed by firmware

e High-speed mode and full-speed mode are supported

e Supports four endpoints; EPO, EP1, EP2, and EP3

Max. Packet Size

Full High FIFO Transfer  Transfer DMA
Endpoint  Speed Speed Configuration  Method Direction Transfer
EPOs 8 bytes 8 bytes Single Setup Out —
EPOi 64 bytes 64 bytes Single Control In —
EPOo 64 bytes 64 bytes Single Control Out —
EP1 64 bytes 512 bytes  Dual Bulk Out Possible
EP2 64 bytes 512 bytes  Dual Bulk In Possible
EP3 64 bytes 64 bytes Single Interrupt In —

e Control, Bulk, and Interrupt transfers are supported
e The maximum packet size in high-speed mode and full-speed mode is switched automatically
o DMA transfer interface
DMA transfer is enabled for endpoints 1 and 2
e Interrupt interface
Two interrupt requests (USBIO and USBI1) are supported as the interrupt request output pins.
Each interrupt source can be assigned viathe internal registers
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Interrupt request
DMA transfer request

Peripheral bus

USB module
Status and Protocol
control register processor

FIFO

External
transceiver

USCLK
(30 MHz)

UTMI

Figure12.1 Block Diagram of USB2
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12.2

I nput/Output Signals

Table 12.1 lists the 1/O signals of USB2.

Table12.1 Input/Output Signals
Classification Symbol 110 Function
USB bus power USVBUS Input USB Bus Power Supply Signal
supply This is a connection or disconnection detection pin for
the USB cable. This pin is connected to the VBUS pin in
the USB connector.
High: VBUS pin = low means disconnection
Low: VBUS pin = high means connection
Note: This signal should be input after the signal of the
VBUS pin of the USB connector is inverted.
Transceiver USCLK Input USB Clock
signal This is a USB clock (30 MHz) which is output by the
transceiver.
DrvCC USRXV Input USB 2.0 Transceiver Input Signal
USRXERR These signals are connected to the USB 2.0 transceiver.
USRXACT They are complied with the UTi\/iI specification. For
details, refer to the UTMI Specifications.
USTXRDY
USLSTA[1:0]
USD[15:0] 1/0 USB 2.0 Transceiver I/O Signal
USWDVLD These signals are connected to the USB 2.0 transceiver.
They are complied with the UTMI specification. For
details, refer to the UTMI Specifications.
USTSEL Output  USB 2.0 Transceiver Output Signal
USOPMI[1:0] These signals are connected to the USB 2.0 transceiver.
USXCVRS They are complied with the UTMI specification. For
details, refer to the UTMI specification.
USTXV
USSUSP
Monitor pin USRST Output  This is a monitor pin.

Rev. 2.00, 03/04, page 321 of 534
RENESAS



12.3 Register Descriptions

The USB2 has the following registers.

Interrupt flag register O (IFRO)

Interrupt select register 0 (ISRO)
Interrupt enable register 0 (IERO)

EPOo receive data size register (EPSZ00)
EP1 receive data size register (EPSZ1)
EPOi data register (EPDROI)

EPOo data register (EPDR00)

EPOs data register (EPDROs)

EP1 dataregister (EPDRL)

EP2 dataregister (EPDR2)

EP3 data register (EPDR3)

Data status register 0 (DASTS0)

Packet enable register Oi (PKTEQI)
Packet enable register 2 (PKTE2)
Packet enable register 3 (PKTES)

FIFO clear register 0 (FCLRO)

Endpoint stall register 0 (EPSTLO)
DMA set register 0 (DMADO)

Control register (CTRL)

Port function control register 3 (PFCR3)
USB suspend status register (USBSUSP)
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1231

Interrupt Flag Register 0 (IFRO)

IFRO indicates the setup request reception, EPOi, EPOo, EP1, EP2, and EP3
transmission/reception, and bus reset state and monitors aVBUS interrupt flag and USB mode
interrupt flag. If the corresponding flag is set to 1, the corresponding interrupt request is output. A
flag in thisregister can be cleared by writing O to it. Writing 1 to aflag isinvalid and causes no
operation. Note that the EP1IFULL and EP2EMPTY bits are status bits indicating the FIFO states
of the EP1 and EP2. Therefore these bits cannot be cleared. The VBUS MN and MODE MN bits
are al so status bits so they cannot be cleared.

Initial
Bit Bit Name Value R/W Description
31t0o27 — AllO R Reserved
The write value should always be 0.
26 MODE MN1 0 R USB Mode Status 1
This bit is a status bit which indicates the USB
transfer mode. This bit is used as two bits with the
MODE MNO bit.
0: At a reset or when the cable is disconnected
1: Full-speed mode (12 Mbps)
2: High-speed mode (480 Mbps)
3: Chirp mode
Refer to section 12.8.12, USB Bus Idle in High-Speed
Mode.
This bit cannot be cleared because this bit is a status
bit.
25 MODE MNO 0 R USB Mode Status 0

This bit is a status bit which indicates the USB
transfer mode. This bit is used as two bits with the
MODE MNT1 bit.

This bit cannot be cleared because this bit is a status
bit.
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Initial
Bit Bit Name Value R/W Description

24 MODEF O R/W USB Transfer Mode Change Detection
[Setting condition]

This bit is set to 1 when the USB mode status bits are
changed.

[Clearing conditions]

e Atareset

e When 0 is written to this bit
23to 18 — 0 R Reserved

The write value should always be 0.
17 VBUSMN 0 R USB Connection Status

This bit is a status bit which monitors the state of the
USVBUS pin. This bit reflects the state of the USVBUS

pin.
1: The USVBUS pin is connected.

0: The USVBUS pin is not connected.

16 VBUS F 0 R/W USB Connection/disconnection Detection
[Setting condition]

This bit is set to 1 when the function is
connected/disconnected to/from the USB bus.

[Clearing conditions]

e Atareset

e When 0 is written to this bit
15t0 10 — AllO R Reserved

The write value should always be 0.
9 EP3TR 0 R/W EP3 Transfer Request

[Setting condition]

This bit is set to 1 if there is no valid data in the FIFO
when an IN token is sent from the host to EP3.

[Clearing conditions]
e Atareset
e When 0 is written to this bit
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Bit

Initial
Bit Name Value

R/W

Description

8

EP3TS 0

R/W

EP3 Transmit Complete
[Setting condition]

This bit is set to 1 if the data written in EP3 is
transmitted to the host normally and the ACK
handshake is returned.

[Clearing conditions]
o Atareset
o When 0 is written to this bit

7

BRST 0

R/W

Bus Reset
[Setting condition]

This bit is set to 1 when the bus reset signal is detected
on the USB bus.

[Clearing conditions]
e Atareset
e When 0 is written to this bit

6

EP2TR 0

R/W

EP2 Transfer Request
[Setting condition]

This bit is set to 1 if there is no valid data in both FIFOs
when an IN token is sent from the host to EP2.

[Clearing conditions]
e Atareset
e When 0 is written to this bit

5

EP2EMPTY 0

EP2 FIFO Empty**
[Setting conditions]
e Atareset

EP2 has a dual FIFO configuration. This bit is set to 1 if
there is no valid data at least in the single FIFO. If data
is full in both FIFOs, this bit is set to 0.

[Clearing condition]

This bit cannot be cleared because this bit is a status
bit.
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Initial
Bit Bit Name Value R/W Description

4 EP1FULL O R EP1 FIFO Full*'
[Setting condition]

EP1 has a dual FIFO configuration. This bit is set to 1 if
data is full at least in the single FIFO. If there is no valid
data in both FIFOs, this bit is set to 0.

[Clearing condition]

This bit cannot be cleared because this bit is a status
bit.

3 SETUPTS 0 R/W Setup Request Receive Complete
[Setting condition]

This bit is set to 1 if EPOs normally receives 8-byte data
to be decoded by the function from the host and returns
the ACK handshake to the host.

[Clearing conditions]
o Atareset
o When 0 is written to this bit

2 EPOOTS 0 R/W EPOo Receive Complete
[Setting condition]

This bit is set to 1 if EPOo receives data from the host
normally and returns the NYET or ACK handshake to
the host.

[Clearing conditions]
e Atareset
e When 0 is written to this bit

1 EPOITR 0 R/W EPOi Transfer Request
[Setting condition]

This bit is set to 1 if there is no valid data in the FIFO
when an IN token is sent from the host to EPOi

[Clearing conditions]
e Atareset
e When 0 is written to this bit
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Initial
Bit Bit Name Value R/W Description
0 EPOITS 0 R/W EPOi Transmit Complete
[Setting condition]

This bit is set to 1 if the data written in EPOi is
transmitted to the host normally and the ACK
handshake is returned.

[Clearing conditions]
o Atareset
o When 0 is written to this bit

Notes: 1. FIFO Full

In case of IN FIFO: The data which can be transmitted is in the FIFO.
In case of OUT FIFO: The data which is valid is in the FIFO.
2. FIFO Empty
In case of IN FIFO: The data which can be transmitted is not in the FIFO.

In case of OUT FIFO: The data which is valid is not in the FIFO.
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12.3.2 Interrupt Select Register 0 (ISR0)

I SRO sets interrupt requests indicated in the interrupt flag register. When the corresponding bit is
cleared to 0, the USBIO interrupt request is output. When the corresponding bit is set to 1, the
USBI1 interrupt request is output. In the initial value, each interrupt source in the interrupt flag
register is requested from USBIO.

Initial

Bit Bit Name Value R/W Description
31to25 — AllO R Reserved

The write value should always be 0.
24 MODE F 0 R/W Selects the MODE F interrupt.
23to 17 — All O R Reserved

The write value should always be 0.
16 VBUS F 0 R/W Selects the VBUS F interrupt.
15to 10 — AllO R Reserved

The write value should always be 0.
9 EP3TR 0 R/W Selects the EP3TR interrupt.
8 EP3TS 0 R/W Selects the EP3TS interrupt.
7 BRST 0 R/W Selects the BRST interrupt.
6 EP2TR 0 R/W Selects the EP2TR interrupt.
5 EP2EMPTY 0 R/W Selects the EP2EMPTY interrupt.
4 EP1FULL 0 R/W Selects the EP1FULL interrupt
3 SETUPTS © R/W Selects the SETUPTS interrupt.
2 EP00TS 0 R/W Selects the EPOOTS interrupt.
1 EPOITR 0 R/W Selects the EPOITR interrupt.
0 EPOITS 0 R/W Selects the EPOITS interrupt.
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12.3.3 Interrupt Enable Register 0 (IERO)

|ERO enables the interrupt request indicated in the interrupt flag register. When an interrupt flag is

set while the corresponding bit in IERO is set to 1, an interrupt request selected by the interrupt
select register is asserted.

Initial

Bit Bit Name Value R/W Description
31to25 — AllO R Reserved

The write value should always be 0.
24 MODE F 0 R/W Enables the MODE F interrupt.
23to 17 — All O R Reserved

The write value should always be 0.
16 VBUS F 0 R/W Enables the VBUS F interrupt.
15t010 — AllO R Reserved

The write value should always be 0.
9 EP3TR 0 R/W Enables the EP3TR interrupt.
8 EP3TS 0 R/W Enables the EP3TS interrupt.
7 BRST 0 R/W Enables the BRST interrupt.
6 EP2TR 0 R/W Enables the EP2TR interrupt.
5 EP2EMPTY 0 R/W Enables the EP2EMPTY interrupt.
4 EP1FULL 0 R/W Enables the EP1FULL interrupt
3 SETUPTS O R/W Enables the SETUPTS interrupt.
2 EP0O0TS 0 R/W Enables the EPQ0TS interrupt.
1 EPOITR 0 R/W Enables the EPOITR interrupt.
0 EPOITS 0 R/W Enables the EPOQITS interrupt.

12.34 EPOo Receive Data Size Register (EPSZ00)

EPSZ0o is areceive data size register for endpoint 0o. EPSZ00 indicates the number of bytes of
data to be received from the host.

Initial
Bit Bit Name Value R/W Description

31to0 D31 to DO — R EPOo Receive Data Size
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1235 EP1Receive Data Size Register (EPSZ1)

EPSZ1 is areceive data size register for endpoint 1. EPSZ1 indicates the number of bytes of data
to be received from the host. The FIFO for endpoint 1 has a dual-FIFO configuration. The data
sizeindicated by this register refersto the currently selected FIFO.

Initial
Bit Bit Name Value R/W Description

31to0 D31to D0 — R EP1 Receive Data Size

1236 EPOi Data Register (EPDROI)

EPDROi is a 64-byte transmit FIFO buffer for endpoint 0. EPDROI stores number of packets of
transmit data for control-in. If one packet of dataiswritten and number of transmit datais written
in the packet enable register 0i (PKTEOI), transmit dataisvalid. If datais transmitted and then the
ACK handshake is returned from the host, the EPOITS bit in IFRO is set. EPDROi can be initialized
by setting the EPOICLR bit in the FIFO clear register 0. When the setup is received, EPDROI is
cleared. After the setup datais received, transmission isimpossible until the SETUP TS bit is
cleared.

Initial
Bit Bit Name Value R/W Description
31to0 D31toD0O AlO w 64-Byte Transmit FIFO Buffer for EPO

12.3.7 EPOo Data Register (EPDR00)

EPDROQo is a 64-byte receive FIFO buffer for endpoint 0 and has a single FIFO buffer. When
reception is completed, the USB returns the NY ET handshake (high-speed mode) or ACK
handshake (full-speed mode) to the host. EPDROo stores receive data for endpoint O except for the
setup request. When datais received normally, the EPOOTS bit in IFRO is set and the number of
receive bytesisindicated in the EPOo receive data size register. After the setup datais received,
reception isimpossible until the SETUP TS bit is cleared.

Though the 0-length packet can be received, the ACK handshake (both high-speed and full-speed
modes) is returned to the host and data isignored. However, the EPOOTS flag in IFRO is set.

Initial
Bit Bit Name Value R/W Description
31to0 D31toDO AlO R 64-Byte Receive FIFO Buffer for EPO
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12.3.8 EPOsData Register (EPDROs)

EPDROs is adataregister only for the setup request for endpoint 0. EPDROs stores 8-byte request
data sent from the host in setup stage. Note that only request data to be processed by the
microcomputer is received. When arequest processed by the USB automatically is received, data
is not stored.

When data reception is started in the next setup stage during reading, datais overwritten
unconditionally.

Initial
Bit Bit Name Value R/W Description
31to0 D31toDO AlO R Data Register only for EPO Setup Request

1239 EP1DataRegister (EPDR1)

EPDRL consists of two 512-byte receive FIFO buffers for endpoint 1. The size of EPDR1 isas
twice as the maximum packet size in high-speed mode and has a dual-FIFO configuration. When
thereis no datain the single FIFO buffer, the USB returns the ACK handshake (both high-speed
and full-speed modes) to the host. When reception is completed and datais full in the both FIFO
buffers, the USB returnsthe NY ET handshake (high-speed mode) or ACK handshake (full-speed
mode) to the host. The number of receive bytesisindicated in EPSZ1. DMA transfer can be
performed for receive datain EPDR1. EPDRL can be initialized by setting the EPLCLR bit in the
FIFO clear register 0.

Though the 0-length packet can be received, the FIFO is not full, the ACK handshake (both high-
speed and full-speed modes) is returned to the host, and datais ignored. Therefore the EP1 FULL
status flag in IFRO is not set.

Initial
Bit Bit Name Value R/W Description
31to0 D31toDO AllO R Two 512-byte Receive FIFO Buffers for EP1

12.3.10 EP2 Data Register (EPDR2)

EPDR?2 consists of two 512-byte transmit FIFO buffer for endpoint 2. The size of EPDR2 isas
twice as the maximum packet size in high-speed mode and has a dual-FIFO configuration. When
transmit data is written in EPDR2 and number of transmit datais written in the packet enable
register 2 (PKTE2), one packet of transmit datais valid and the buffer is switched. DMA transfer
can be performed for transmit data to EPDR2. EPDR2 can beinitialized by setting the EP2CLR
bit in the FIFO clear register 0.
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Initial
Bit Bit Name Value R/W Description

31to0 D31toD0O AlO w 512-byte Transmit FIFO Buffer for EP2

12.3.11 EP3 Data Register (EPDR3)

EPDRS is a 64-byte transmit FIFO buffer for endpoint 3. EPDR3 stores one packet of transmit
datain the interrupt transfer for endpoint 3. If one packet of data is written and number of transmit
dataiswritten in the packet enable register 3 (PKTE3), transmit datais valid. If one packet of data
is transmitted normally and the ACK handshake is returned from the host, the EP3TS bit in IFRO
is set. EPDR3 can be initialized by setting the EP3CLR bit in the FIFO clear register 0.

Initial
Bit Bit Name Value R/W Description
31to0 D31toDO AlO w 64-byte Transmit FIFO Buffer for EP3

12.3.12 Data Status Register 0 (DAST S0)

DASTS0 indicates whether the IN FIFO data registers contain valid data or not. A bit in DASTS0
is set to 1 when data written to the corresponding IN FIFO becomes valid after the number of
transfer bytesis written in the packet enable register. A bit in DASTSO0is cleared to O when all
valid datais sent to the host. For endpoint 2, having a dual-FIFO configuration, the corresponding
bit in DASTS0 is cleared to 0 when both FIFOs become empty.

Initial
Bit Bit Name Value R/W Description
31to6 — All O R Reserved
The write value should always be 0.
5 EP3DE 0 R EP3 Data Enable

Set to 1 when EP3 contains valid data and cleared to 0
when EPS3 contains no valid data.

4 EP2DE 0 R EP2 Data Enable

Set to 1 when EP2 contains valid data and cleared to 0
when EP2 contains no valid data.

3to1 — AllO R Reserved
The write value should always be 0.
0 EPOIDE 0 R EPOi Data Enable

Set to 1 when EPOi contains valid data and cleared to 0
when EPOQi contains no valid data.
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12.3.13 Packet Enable Register 0i (PKTEOI)

The number of transmit datais written in PK TEQi after writing transmit datain EPDROI. Then
transmit data becomes valid and data is transmitted by the next IN token. Datais not transmitted
only by writing datain EPDROi.

The number of data bytes written in EPDROI must match the number of transmit data bytesto be
written in PKTEQI.

Initial
Bit Bit Name Value R/W Description
31t00 D31to DO AlO W Number of Transmit Data

12.3.14 Packet Enable Register 2 (PKTE2)

The number of transmit datais written in PK TE2 after writing transmit datain EPDR2. Then
transmit data becomes valid and data is transmitted by the next IN token. Datais not transmitted
only by writing datain EPDR2.

The number of data bytes written in EPDR2 must match the number of transmit data bytesto be
written in PKTE2.

Initial
Bit Bit Name Value R/W Description
31t00 D31to DO AlO W Number of Transmit Data

12.3.15 Packet Enable Register 3 (PKTE3)

The number of transmit datais written in PK TE3 after writing transmit datain EPDR3. Then
transmit data becomes valid and data is transmitted by the next IN token. Datais not transmitted
only by writing datain EPDRS3.

The number of data bytes written in EPDR3 must match the number of transmit data bytesto be
written in PKTE3.

Initial
Bit Bit Name Value R/W Description
31t00 D31to DO AlO W Number of Transmit Data
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12.3.16 FIFO Clear Register 0 (FCLRO)

FCLRO is a one-shot register used to clear the FIFO for each endpoint. Writing 1 to a bit clears the
datain the corresponding FIFO.

For IN FIFO, writing 1 to abit in FCLRO clears the data for which the corresponding bit in the
packet enable register is not set to 1 after data write, or datathat is validated by setting the
corresponding bit in the packet enable register.

For OUT FIFO, writing 1 to abit in FCLRO clears data that has been received. EP2 having a dual-
FIFO configuration is cleared by entire FIFOs. Similarly, as for EP1 FIFO with adual-FIFO
configuration, the only side currently selected is cleared. Note that this trigger does not clear the
corresponding interrupt flag. Accordingly, care must be taken not to clear datathat is currently
being received or transmitted.

Bits 6, 5, and 0 are also used as the status bits. The function of the status bit is described in the
lower column of the bit description.

Initial
Bit Bit Name Value R/W Description
31to7 — AllO w Reserved
The write value should always be 0.
6 EP3CLR 0 w EP3 Clear

1 is written when clearing EP3 IN FIFO. Writing 0 is
invalid and no operation is performed.

R EP3 FIFO Clear Status
[Setting condition]

This bit is set to 1 when the EP3 FIFO is forcibly cleared
by the FCLR register. When this bit is set to 1, access to
the EP3 FIFO is prohibited. This bit is cleared to 0
automatically after the FIFO is internally cleared. Confirm
that this bit is cleared to 0 and then wait for at least four
cycles, before accessing to the EP3.

[Clearing condition]
This bit cannot be cleared because this bit is a status bit.
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Bit

Initial
Bit Name Value

R/W

Description

5

EP2CLR O

W

EP2 Clear

1 is written when clearing EP2 IN FIFO. Writing 0 is
invalid and no operation is performed.

EP2 FIFO Clear Status
[Setting condition]

This bit is set to 1 when the EP2 FIFO is forcibly cleared
by the FCLR register. When this bit is set to 1, access to
the EP2 FIFO is prohibited. This bit is cleared to 0
automatically after the FIFO is internally cleared. Confirm
that this bit is cleared to 0 and then wait for at least four
cycles, before accessing to the EP2.

[Clearing condition]
This bit cannot be cleared because this bit is a status bit.

EP1ICLR ©

EP1 Clear

1 is written when clearing EP1 OUT FIFO. Writing 0 is
invalid and no operation is performed.

3,2

— AllO

Reserved
The write value should always be 0.

EPOoCLR 0

EPOo Clear

1 is written when clearing EPOo OUT FIFO. Writing 0 is
invalid and no operation is performed.

EPOICLR ©

EPOi Clear

1 is written when clearing EPOi IN FIFO. Writing 0 is
invalid and no operation is performed.

EPOi FIFO Clear Status
[Setting condition]

This bit is set to 1 when the EPQi FIFO is forcibly cleared
by the FCLR register. When this bit is set to 1, access to
the EPOQi FIFO is prohibited. This bit is cleared to 0
automatically after the FIFO is internally cleared. Confirm
that this bit is cleared to 0 and then wait for at least four
cycles, before accessing to the EPOi.

[Clearing condition]
This bit cannot be cleared because this bit is a status bit.
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12.3.17 Endpoint Stall Register 0 (EPSTLO)

EPSTLO isused to stall each endpoint. When 1 iswritten in a bit, the corresponding endpoint
returns a stall handshake to the host, following from the next transfer. The stall bit for endpoint 0
is cleared automatically on reception of 8-byte request data for which decoding is performed by
the function, and thus the EPO STL bit is cleared to 0. When the SETUP TSflag in IFRO is set to
1, awrite of 1 to the EPO STL hit isignored. For details, refer to section 12.5.8, Stall Operations.

When the ASCE bit in CTRL isset to 1, the EPXSTL (x =0, 1, 2, 3) bit isautomatically cleared.
For details, refer to section 12.3.19, Control Register (CTRL).

Initial

Bit Bit Name Value R/W Description
31to4 — AllO R Reserved

The write value should always be 0.
3 EP3STL O R/W EP3 Stall

Sets the EPS3 stall state.
2 EP2STL O R/W EP2 Stall

Sets the EP2 stall state.
1 EP1STL O R/W EP1 Stall

Sets the EP1 stall state.
0 EPOSTL O R/W EPO Stall

Sets the EPO stall state.

12.3.18 DMA Set Register 0 (DMAO)

DMAO is set when the DMAC dua address transfer is used for data registers for endpoints 1 and
2.

For endpoint 1, if 1iswritten in the EP1 DMAE hit, the transfer is requested to the DMAC when
the EP1 FIFO isfull at least in the single FIFO. That is, when there isvalid receive datain the
FIFO, the transfer is requested to the DMAC. When all receive datais read and both FIFOs are
empty, the transfer is not requested to the DMCA any more.

For endpoint 2, if 1 iswritten in the EP2 DMAE hit, the transfer is requested to the DMAC when
the EP2 FIFO isempty at least in the single FIFO. That is, when there is no valid data in the FIFO
even with one side, the transfer is requested to the DMAC. When data is written by the
microcomputer and both FIFOs are full, the transfer is not requested to the DMCA any more.

Since an interrupt request is not masked automatically, the EP1 FULL and EP2 EMPTY bitsin
IERO are cleared to 0 and an interrupt should not be requested by an interrupt pin.
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Initial

Bit Bit Name Value R/W Description
31to2 — AllO R Reserved

The write value should always be 0.
1 EP2DMAE 0 R/W EP2 DMA Enable

Enables the DMA transfer for EP2.
0 EP1DMAE 0 R/W EP1 DMA Enable

Enables the DMA transfer for EP1.

12.3.19 Control Register (CTRL)
CTRL controls the USB module.

Initial
Bit Bit Name Value R/W

Description

31to2 — AllO R

Reserved
The write value should always be 0.

1 ASCE 0 R/W

Automatic Stall Clear Enable

When this bit is set to 1, the stall handshake is returned
to the host and then the stall set bit (EPxSTL (x =0, 1, 2,
3) bit in EPSTLO) for the returned endpoint is
automatically cleared. The automatic stall clear enabling
is common to all endpoints. This function cannot be
controlled individually for each endpoint. When this bit is
cleared to 0, the EPxSTL (x =0, 1, 2, 3) bit is not
automatically cleared. The user needs to clear the
EPxSTL (x =0, 1, 2, 3) bit.

To enable this bit, this bit should be set to 1 before the
EPxSTL (x =0, 1, 2, 3) bitin EPSTLO is set to 1.

0 PULLUPE 0 R/W

Pull-Up Enable

Controls pull-up of the PHY complying with the UTMI. If 1
is written in this bit, pull-up is enabled for the PHY.
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12.3.20 Port Function Control Register 3 (PFCR3)

PFCRS3 controls the USB software reset and suspend reset.

Initial
Bit Bit Name Value R/W Description
7 SUSRIF 0 R/W Suspend Recover Interrupt Flag

For details on operation, refer to section 12.7.2,
Software Standby in Suspend Mode.

6 SUSRIE 0 R/W Suspend Recover Interrupt Enable

For details on operation, refer to section 12.7.2,
Software Standby in Suspend Mode.

5to1 — AllO R/W Reserved

These bits can be read from or written to. However, the
write value should always be 0.

0 USBSWRST 0 R/W USB Module Software Reset

While this bit is set to 1, the USB module is in the reset
state.

12.3.21 USB Suspend Status Register (USBSUSP)

USBSUSP specifies the USB state and enables or disables a USB suspend interrupt regquest.
USBSUSPisinitialized to H'00 at areset or in hardware standby mode.

Initial
Bit Bit Name Value R/W Description
7 USUSMONI 0 R+ USB Suspend Monitor

This bit is a monitor bit that indicates whether the USB
is in the normal state or in the suspend state.

This bit can be read from but cannot be modified.
0: Indicates that the USB is in the normal state.
1: Indicates that the USB is in the suspend state.
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Initial

Bit Bit Name Value

R/W

Description

6 USUSFG 0

R/(W)**

USB Suspend Interrupt (USBI2) Flag

This bit is a status flag that indicates the transition from
the normal state to the suspend state is made.

[Clearing condition]

While USUSFG = 1, 0 is written to USUSFG after
reading USUSFG

[Setting condition]

When transition from the normal state to the suspend
state is made

5 USUSFGE 0

R/W

USB Suspend Interrupt (USBI2) Enable

Enables or disables the USB suspend interrupt (USBI2)
request to the CPU.

0: The USB suspend interrupt (USBI2) request is
disabled.

1: The USB suspend interrupt (USBI2) request is
enabled.

4 uUsusouT o

R/W

USB Suspend Output Enable

Enables or disables the suspend state notification to the
external transceiver when the USB enters the suspend
state.

0: Not notified that the USB enters the suspend state to
the external transceiver. The external pin, USSUSP,
is always set to 1.

1: Notified that the USB enters the suspend state to the
external transceiver. When the USB is in the
suspend state, the external pin, USSUSP, is cleared
to 0.

3to0 — AllO

RW

Reserved
The initial value should not be changed.

Notes: 1.

Cannot be modified.

2. Only 0 can be written after reading 1 to clear the flag.

Rev. 2.00, 03/04, page 339 of 534

RENESAS



124  Interrupt Pins

This module has two interrupt sources. The interrupt select register O is used to set the
correspondence between interrupt flags and interrupt sources (USBI1 and USBIO0). Basically, al
processing is possible by using only one interrupt source. If there is an interrupt source whose
response needs to be fast, priority can be set by using the second interrupt source.

Among interrupt sources of this module, an interrupt source related to endpoint 0 (bits3to 0in
IFRO) must be assigned to the same interrupt source.

1241 USBIO Interrupt

The USBIO isan interrupt request for an interrupt source in which 0 is set by the interrupt select
register 0. Among interrupt sources assigned to the USBI0, when only one of a corresponding bit
in the interrupt flag register 0 is set to 1, an interrupt request occurs.

1242 USBI1lInterrupt

The USBI1isan interrupt request for an interrupt sourcein which 1 is set by the interrupt select
register 0. Among interrupt sources assigned to the USBI 1, when only one of a corresponding bit
in theinterrupt flag register O is set to 1, an interrupt request occurs.
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125 Communication Operation

12.5.1 USB Cable Connection

If the USB cable enters the connection state from the disconnection state, perform the operation as
shown in figure 12.2.

USB function Firmware

During USB cable
disconnection
USVBUS pin = High
MODE MN 0/1 in IFRO = 00

v

USB cable connection
VBUS FinIFRO =1 I

. nterrupt generated
VBUS MN in IFRO = 1  *} :
MODE MN 0/1 in IFRO = 01 Clear interrupt flag

(VBUS F in IFRO = 0)

v

Write 1 to PULLUPE bit
(PULLUPE in CTRL = 1)

D+ pull-up on

v

Receive bus reset I

BRST in IFRO = 1 w
Clear interrupt flag

+ (BRST in IFRO = 0)
Transmit charp +

MODE MN 0/1 in IFRO = 11
Clear all FIFOs (EP0i/00/1/2/3
CLR in FCLRO = 1)

No

Is charp received?

Y
High-speed mode Full-speed mode
MODE MN 0/1 in IFRO =10 MODE MN 0/1 in IFRO = 01

v Y

Wait for control transfer

Figure12.2 USB Cable Connection
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Asnot shown in figure 12.2, when the MODE F bit in IERO is set to 1 and the MODE MNO and
MODE MNL1 bitsin IFRO are changed, an interrupt occurs. This interrupt can be used to manage
the bulk maximum packet size and descriptor information.

12.5.2 USB Cable Disconnection

If the USB cable enters the disconnection state from the connection state, perform the operation as
shown in figure 12.3.

USB function Firmware

During USB cable connection
USVBUS pin = low
In full-speed mode:
MODE MN 0/1 in IFRO = 01
In high-speed mode:
MODE MN 0/1 in IFRO = 10

v

USB cable disconnection
VBUS Fin IFRO = 1
VBUS MN in IFRO =0

MODE MN 0/1 in IFRO = 00 : Clear interrupt flag
: (VBUS Fin IFRO = 0)

v

Write 0 to PULLUPE bit

3 (PULLUPE in CTRL =0)
D+ pull-up off

MODE MN 0/1 in IFRO = 00

v

Wait for USB cable connection |

Interrupt generated

Figure12.3 USB Cable Disconnection

Asnot shown in figure 12.3, when the MODE F bit in IERO is set to 1 and the MODE MNO and
MODE MNL1 bitsin IFRO are changed, an interrupt occurs.
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12.5.3 Control Transfer

The control transfer consists of three stages; setup, data (sometimes omitted), and status, as shown
in figure 12.4. The data stage consists of multiple bus transactions. Figures 12.5 to 12.9 show
operation flows in each stage.

Control-in

Control-out

No data

Setup stage Data stage Status stage
1 [ sETUP(O) | [ W~y | [ mo | [ Nnory | [ out) |
DATAO E DATA1 DATAO DATAO0/1 E DATA1
[ seTuP(O) | [ outty | | out | ... | oution) | [ Ny |
DATAO E DATA1 DATAO DATAO0/1 E DATA1
DATAO A

, DATA1

Figure12.4 Control Transfer Stage Configuration
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1. Setup Stage

USB function

Receive setup token

!

Receive 8-byte command

data in EPOs

Command Automatic
to be processed by processing by
firmware? this module
(end)

Set setup request
receive complete flag
(SETUP TS in IFRO = 1)

Interrupt generated

Firmware

!

To data stage

Clear interrupt flag
(SETUP TS in IFRO = 0)
Clear EPOi FIFO (EPOICLR in FCLRO = 1)
Clear EPOo FIFO (EPOoCLR in FCLRO = 1)

!

Read 8-byte data from EPOs

:

Decode command data
Determine data stage direction*!

N

To control-out
data stage

To control-in
data stage

Notes: 1. In the setup stage, the firmware first analyzes the request data that is sent from the host
required to be processed by the firmware, and determines subsequent processing.

2.

(For example, the data stage direction.)

When the transfer direction is control-out, the EPOQi transfer request interrupt that is required in the
status stage should be enabled. When the transfer direction is control-in, this interrupt is not

required and must be disabled.

Figure12.5 Setup Stage Operation
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2. Data Stage (Control-In)
The firmware first analyzes the request data that is sent from the host in the setup stage, and
determines the subsequent data stage direction. If the result of request data analysis isthat the
data stage isin-transfer, one packet of datato be sent to the host is written to the FIFO. If there
is more data to be sent, this data is written to the FIFO after the data written first has been sent
to the host (EPOi TShit in IFRO isset to 1).
The end of the data stage isidentified when the host transmits an OUT token and the status
stageis entered.

Note:

USB function

Receive IN token

0 written
to SETUP TS in
IFRO?

Valid data
in EPOi FIFO?

Transmit data to host

ACK

Set EPOI transmit
complete flag
(EPOi TS in IFRO = 1)

Firmware

From setup stage

Write data to EPOi data

register (EPDROI)

Write number of transmit
data bytes to packet enable

register 0i (PKTEOi)

Y

:

Interrupt generated

Clear interrupt flag
(EPOi TS in IFRO = 0)

¢

Write data to EPOIi data

register (EPDROI)

l

Write number of transmit
data bytes to packet enable

register 0i (PKTEOi)
every packet.

If the size of the data transmitted by the function is smaller than the data size requested by the host,
the function indicates the end of the data stage by returning to the host a packet shorter than the

maximum packet size. If the size of the data transmitted by the function is an integral multiple of the
maximum packet size, the function indicates the end of the data stage by transmitting a zero-length

packet.

Figure12.6 Data Stage Operation (Control-In)
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3. Data Stage (Control-Out)
The firmware first analyzes the request data that is sent from the host in the setup stage, and
determines the subsequent data stage direction. If the result of request data analysis isthat the
data stage is out-transfer, data from the host is waited for, and after dataisreceived (EPO0 TS
bitinIFROisset to 1), dataisread from the FIFO.
The end of the data stage is identified when the host transmits an IN token and the status stage
is entered.

USB function ! Firmware
Full speed ‘
Receive OUT token - !
High speed 1
Receive PING token !

0 written
to SETUP TS
in IFR0?

Yes ACK (for only PING) ) !

Receive data from host

NYET (high speed) }

ACK (full speed and 1
0-length packet)

v |

. ' *

Set EPOQo receive Interrupt generated Clear interrupt flag

(EPOCC? ?g '?J?Ffﬁg =1) (EP00TS in IFR0 =0) I

¢ Confirm receive data length from ,

Receive PING token (high speed) ‘ EPOo receive data size register :
Receive OUT token (full speed) | (EPSZ00) ]

Read data from EPOo data '
register (EPDROo) H

Is all received data
in FIFO read?

Yes

Figure12.7 Data Stage Operation (Control-Out)
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4. Status Stage (Control-In)

The control-in status stage starts with an OUT token from the host. The firmware receives O-
length packet from the host, and ends control transfer.

USB function

Receive OUT token

A

Receive 0-length

packet from host

Y

ACK

Set EPOo receive
complete flag
(EPO0 TS in IFRO = 1)

Firmware

Interrupt generated N

Clear interrupt flag
(EPOo TS in IFRO = 0)

!

A

End of control transfer

End of control transfer |

Figure12.8

Status Stage Operation (Control-In)
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5. Status Stage (Control-Out)
The control-out status stage starts with an IN token from the host. When an IN-token is
received at the start of the status stage, thereis not yet any data in the EPOi FIFO, and so an
EPOi transfer request interrupt is generated. The firmware recognizes from thisinterrupt that
the status stage has started. Next, in order to transmit O-length packet to the host, 0 iswritten in
the packet enable register Oi but no data is written to the EPOi FIFO. As aresult, the next IN
token causes 0-length packet to be transmitted to the host, and control transfer ends.
After the firmware has finished all processing relating to the data stage, 0 should be written in
the packet enable register Oi.

USB function ' Firmware

Receive IN token

s SETUP TS in IFRO
cleared to 02

Yes

Interrupt
_ Valid data No generated Clear interrupt flag
in EPOi FIFO? NAK ! (EP0i TR in IFRO = 0)
Yes ! v
. EPOi transfer request interrupt
X prohibited (EPOi TR in IERO = 0)
. A 4
| Write O to packet enable register Oi
Transmit data to host ! (PKTEOi)
ACK .
\ . A
Set EPOi transmit complete flag| Interrupt generated _ Clear interrupt flag
(EPQI TS in IFRO = 1) X o (EPOI TS in IFRO = 0)
\i . ¢
End of control transfer ! End of control transfer

Figure12.9 Status Stage Operation (Control-Out)
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1254 EP1Bulk-Out Transfer (Dual FIFO)

EP1 has two 64-byte FIFOs in full-speed mode and two 512-byte FIFOs in high-speed mode, but
the user can receive data and read receive data without being aware of this dual-FIFO
configuration. Make sure to confirm that the EP1 FULL bit in IFRO is set to 1 before reading the
single FIFO.

When one FIFO isfull after reception is completed, the EP1 FULL bit in IFRO is set. After the
first receive operation into one of the FIFOs when both FIFOs are empty, the other FIFO is empty,
and so the next packet can be received immediately. When both FIFOs are full, NAK is returned
to the host automatically. When reading of the receive data is completed following data reception,
this operation empties the FIFO that has just been read, and makes it ready to receive the next
packet. If O-length packet is received from the host, the ACK handshake is returned to the host
regardless of mode (full-speed or high-speed mode) and the EP1 FULL bit in IFRO is not set.

Note: The dual-configured FIFOs are handled in packet units. Therefore, even if either of FIFOs
is empty because of a short packet, when the packet is received successfully, both FIFOs
become full.
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USB function Firmware

Y

Full
| Receive OUT token AL speed
Receive PING token <1 High speed
L S there any spgce No .
n EP1 FIFO? NAK

Yes | ("ACK (for only PING)

Receive data from host

Is receive data
length 0?

NYET (High speed)
ACK (Full speed)

ACK
A
Set EP1 FIFO full status Set EP1 FIFO full status
(EP1 FULL in IFRO = 1) (EP1FULLiInIFRO=1) [— i—
Y y Interrupt generated Confirm receive data length from

»| EP1 receive data size register
(EPSZ1)

Y

Read data from EP1
data register (EPDR1)

!

No Interrupt generated

any space in both EP1
FIFOs?

Clear EP1 FIFO full status
(EP1 FULL in IFRO = 0)

Figure12.10 EP1 Bulk-Out Transfer Operation
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1255 EP2Bulk-In Transfer (Dual FIFO)

EP2 has two 64-byte FIFOs in full-speed mode and two 512-byte FIFOs in high-speed mode, but
the user can transmit data and write transmit data without being aware of this dual-FIFO
configuration. However, one data write should be performed for one FIFO. For example, even if
both FIFOs are empty, it is not possible to write the number of transmit datain PKTE2 at onetime
after consecutively writing 128 bytes of datain full-speed mode or 1024 bytes of datain high-
speed mode. The number of transmit data must be written in PK TE2 for each 64-byte writein full-
speed mode or 512-byte write in high-speed mode. Make sure to confirm that the EP2EMPTY bit
in IFRO is set to 1 before writing data.

When performing bulk-in transfer is required, write 1 to the EP2 EMPTY bit in IERO first and
then enable the EP2 FIFO empty interrupt. At first, both EP2 FIFOs are empty, and so an EP2
FIFO empty interrupt is generated immediately.

The data to be transmitted is written to the data register using this interrupt. After the first transmit
data write for one FIFO, the other FIFO is empty, and so the next transmit data can be written to
the other FIFO immediately. When both FIFOs are full, the EP2 EMPTY bit iscleared to 0. If at
least one FIFO is empty, the EP2 EMPTY bit in IFRO is set to 1. When ACK isreturned from the
host after data transmission is completed, the FIFO used in the data transmission becomes empty.
If the other FIFO contains valid transmit data at this time, transmission can be continued.

When transmission of all data has been completed, write 0 to the EP2 EMPTY bit in IERO and
disable interrupt requests.

Note: The dual-configured FIFOs are handled in packet units. Therefore, even if either of FIFOs
is empty because of a short packet, when the number of transmit data is written in the
packet enable register 2 (PKTE2), both FIFOs become full.
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USB function Firmware

™ Receive IN token <

Valid data
in EP2 FIFO?

Transmit data to host

Y

ACK

Enable EP2 FIFO empty interrupt
(EP2 EMPTY in IERO = 1)

[
L

Set EP2 empty status Interrupt generated

(EP2 EMPTY in IFRO = 1)

s there any space
in EP2 FIFO?

Has all data Yes
been transmitted

to host?

Clear EP2 empty status
(EP2 EMPTY in IFRO = 0)

Write one-packet data to EP2
data register (EPDR2)

A 4

Write number of transmit data bytes
to packet enable register 2 (EPDR2)

v

Disable EP2 FIFO empty interrupt
(EP2 EMPTY in IERO = 0)

-

Is there
any data to be transmitte
to host?

No

Figure12.11 EP2Bulk-In Transfer Operation
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125.6

EP3 Interrupt-In Transfer

USB function

_.l

Receive IN token

Valid data
in EP3 FIFO?

Transmit data to host

ACK

Set EP3 transmit
complete flag
(EP3TSinIFRO = 1)

Interrupt generated

Firmware

Is there any data
to be transmitted
to host?

Write data to EP3 data
register (EPDR3)

l

Write number of transmit
data bytes to packet enable
register 3 (PKTES3)

Clear EP3 transmit
complete flag
(EP3 TS in IFRO = 0)

Is there any data
to be transmitted
to host?

Write data to EP3
data register (EPDR3)

!

Write number of transmit
data bytes to packet enable
register 3 (PKTE3)

Note: This flowchart shows just one example of interrupt-in transfer processing. Other possibilities include an

operation flow in which, if there is data to be transmitted, the EP3DE bit in DASTSO is referred to confirm that

the FIFO is empty, and then data is written to the FIFO.

Figure12.12 EP3Interrupt-In Transfer Operation
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125.7 Processing of USB Standard Requests and Class'Vendor Requests

1. Processing of Requests Transmitted by Control Transfer

A request transmitted from the host by control transfer may require decoding and execution of
reguest processing by the firmware. Whether or not request decoding is required by the
firmwareisindicated in table 12.2 below.

Table12.2 Request Decoding by Firmware

Decoding not Necessary by Firmware Decoding Necessary by Firmware
Clear Feature Get Descriptor

Get Configuration Synch Frame

Get Interface Set Descriptor

Get Status Class/Vendor request

Set Address

Set Configuration
Set Feature
Set Interface

If decoding is not necessary by the firmware, request decoding and data stage and status stage
processing are performed automatically. No processing is hecessary by the user. An interrupt is
not generated in this case.

If decoding is necessary by the firmware, this module stores the request in the EPOs FIFO.
After normal reception is completed, the SETUPTSflag in IEROQ is set and an interrupt request
is generated. In the interrupt routine, eight bytes of data must be read from the EPOs data
register (EPDROs) and decoded by the firmware. The necessary data stage and status stage
processing should then be carried out according to the result of the decoding operation.

Rev. 2.00, 03/04, page 354 of 534
RENESAS



125.8 Stall Operations

This section describes stall operationsin the USB module. There are two cases in which the USB
module stall function is used:

¢ When thefirmware forcibly stalls an endpoint for some reason

e When astall is performed automatically within the USB module due to a USB specification
violation

The USB module hasinternal status bits that hold the status (stall or non-stall) of each endpoint.
When atransaction is sent from the host, the module refers these internal status bits and
determines whether to return a stall to the host. These bits cannot be cleared by the firmware; they
must be cleared with a Clear Feature request from the host. However, the internal status bit for
EPO is cleared automatically at the reception of the setup request.

1. Forcible Stall by Firmware

The firmware uses EPSTLO to issue a stall request for the USB module. When the firmware
wishes to stall a specific endpoint, it sets the corresponding bit in EPSTLO (1-1 in figure
12.13). Theinterna status bits are not changed at thistime.

When atransaction is sent from the host for the endpoint for which the corresponding bit in
EPSTLO was set, the USB module refers the internal status bit, and if thisis not set, refersthe
corresponding bit in EPSTLO (1-2 in figure 12.13). If the corresponding bit in EPSTLO is set,
the USB module sets the internal status bit and returns a stall handshake to the host (1-3 in
figure 12.13). If the corresponding bit in EPSTLO is not set, the internal status bit is not
changed and the transaction is accepted.

Once an internal status bit is set, it remains set until cleared by a Clear Feature request from
the host, without regarding to EPSTLO. Even after a corresponding bit is cleared by the Clear
Feature request (3-1 in figure 12.13), the USB module continues to return a stall handshake
whilethebit in EPSTLO is set, since the internal status bit is set each time atransaction is
executed for the corresponding endpoint (1-2 in figure 12.13). To clear astall, therefore, it is
necessary for the corresponding bit in EPSTLO to be cleared by the firmware and also for the
internal status bit to be cleared with a Clear Feature request (2-1, 2-2, and 2-3 in figure 12.13).
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(1) Transition from normal operation to stall

(1-1) USB function module

usB Internal status bit EPSTLO
0 01
(1-2)
Reference
Transaction request Internal status bit EPSTLO
0 1

To (1-3) or (1-4)
(1-3)

Stall

Internal status bit EPSTLO
01 1

Stall handshake

To (2-1) or (3-1)

(2) When Clear Feature is sent after EPSTLO has been cleared

(2-1)

Transaction request Internal status bit EPSTLO
1 150

(2-2)

Stall handshake Internal status bit EPSTLO
1 0

(2-3)

Clear Feature command Internal status bit EPSTLO

1-0 0

Normal status restored

(8) When Clear Feature is sent before EPSTLO is cleared to 0

(3-1)
Clear Feature command

Internal status bit EPSTLO
150 1

To (1-2)

. Set EPSTLOto 1 by

firmware

. Receive INJOUT

token from the host

. Refer to EPSTLO

. EPSTLOis setto 1
2. Setinternal status

bit to 1

. Transmit stall

handshake

. Clear EPSTLOto O

by firmware

. Receive INJOUT

token from the host

. Internal status bit

has been set to 1

. EPSTLO is not

referred to

. No change in

internal status bit

. Transmit stall

handshake

. Clear internal status

bit to 0

. Clear internal status

bit to 0

. No change in

EPSTLO

Figure12.13 Forcible Stall by Firmware
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2. Automatic Stall by USB Function Module

When a stall setting is made with the Set Feature request or in the event of a USB specification
violation, the USB module automatically sets the internal status bit for the corresponding
endpoint without regarding to EPSTLO, and returns a stall handshake (1-1 in figure 12.14).

Once an internal status bit is set, it remains set until cleared by a Clear Feature request from
the host, without regarding to EPSTLO. After a corresponding bit is cleared by the Clear
Feature request, EPSTLO isreferred (3-1 in figure 12.14). The USB module continues to return
astall handshake while the internal status bit is set, since theinternal status bit is set even if a
transaction is executed for the corresponding endpoint (2-1 and 2-2 in figure 12.14). To clear a
stall, therefore, the internal status bit must be cleared with a Clear Feature request (3-1in
figure 12.14). If set by the firmware, EPSTLO should also be cleared (2-1 in figure 12.14).

(1) Transition from normal operation to stall
USB function module

(1-1) 1. In case of USB
Stall handshake Internal status bit EPSTLO speclflcathn violation,
01 0 USB function module

stalls endpoint

automatically.
To (2-1) or (3-1)

(2) When transaction is performed while internal status bit is set

2-1) 1. Clear EPSTLO to 0 by
Transaction request . firmware
Internal status bit EPSOTLO 5 Receive INOUT
1 token from the host

3. Internal status bit has
been set to 1

4. EPSTLO is not
referred to

5. No change in internal

status bit
(2-2)
1. Transmit stall
Stall handshake Internal status bit EPSTLO handshake
1 0

Stall status maintained

(38) When Clear Feature is sent before transaction is performed

(3-1) 1. Clear the internal
Clear Feature command ) status bit to 0
Internal status bit EPSTLO 2. No change in
1-0 0 EPSTLO

Normal status restored

Figure12.14 Automatic Stall by USB Function Module
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125.9 TreeConfiguration

This section describes the tree configuration of this module. The USB determines the tree
configuration in the function using three parameters such as Configuration, Interface, and
Alternate. The tree configuration of this module is shown in table 12.3.

Table12.3 Tree Configuration

Transfer Transfer
EP Number  Conf. Int. Alt. Method Direction
0 — — — Control In/Out
1 1 0 0 Bulk Out
2 1 0 0 Bulk In
3 1 0 0 Interrupt In

12.5.10 Power Supply Specification

This module functions by self power supply. The bus power supply supplied from the USB cable
isnot available.

126  Noteson Using DMA

PK TE2 Operation (EP2)

When DMA transfer is performed on EP2 transmit data, the USB module automatically
performs the same processing as writing the number of transmit datato PKTE2 if one data
FIFO (maximum packet size) becomes full. Accordingly, to transfer data of integral multiples
of the maximum packet size, the user needs not to write the number of transmit datain PK TE2.
To transfer data of |ess than the maximum packet size, the user must write the number of
transmit datain PK TE2 using the DMA transfer end interrupt of the DMAC. If the user writes
the number of transmit datain PKTE2 in cases other than the case when data of less than the
maximum packet sizeis transferred, excess transfer occurs and correct operation cannot be
guaranteed.

Figure 12.15 shows an example for transmitting 1050 bytes of data from EP1 to the host in
high-speed mode. In this case, internal processing as the same as writing the number of
transmit datato PK TE2 is automatically performed twice. Thiskind of internal processingis
performed when the currently selected data FIFO becomes full. Accordingly, this processing is
automatically performed only when the maximum packet size of datais transmitted. This
processing is not performed automatically when data less than the maximum packet sizeis
transmitted.
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In this example, when the first 512 bytes of data has not been transmitted to the host at the end
of DMA transfer on the first 512 bytes of data and second 512 bytes of data, the DMA request

does not occur. If the transmission has been completed, the DMA request occurs because there
is space in the one FIFO.

When the last 26 bytes of data has been transferred, there is no data to be transferred in the
firmware. However, the DMA request occursif there is space in the FIFO. Therefore, when
DMA transfer is completed on al data, the DMA enable state should be cleared by writing 0 to
the EP2DMAE bit in DMAO. Note that over-sampling should not be performed by the DMAC.
Generally the number of transmit datais set as the number of DMAC transfers and the number
of data less than the maximum packet size iswritten in PK TE2 using the DMA transfer end
interrupt. If the number of transmit datais an integral multiple of the maximum packet size
(for example, 1024 bytes or 2048 bytes), the number of transmit data is automatically written
in PKTEZ2. In this case, the user must not write the number of transmit datain PK TE2 using the
DMA transfer end interrupt. If the writing is performed, correct operation cannot be
guaranteed.

512 bytes 512 bytes 26 bytes
PKTE2 PKTE2 PKTE2 is
(Automatically (Automatically not performed

performed) performed)

Executed by DMA transfer
end interrupt (user)

Figure12.15 PKTEZ2 Operation for EP2
12.7  Transtion to USB Suspend Mode

12.7.1  Suspend Signal Output

If the USB continuesto beidle for the specified time, the USB enters the suspend state. When the
USB enters the suspend state, the USSUSP signal is asserted to low and the suspend state can be
notified to the external transceiver.

When the external transceiver receives the USSUSP signal, the clock oscillation is stopped and the
power-down state is entered. Therefore the USCLK supplied to this LSl is stopped. To operate the
USB module, the USCLK supplied by the external transceiver and system clock (¢) should be
supplied. While the USCLK is stopped, programming is required so that access to the USB

modul e does not occur.
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To control this, the USB suspend interrupt (USBI12) which natifies that the USB module enters or
recovers the suspend state to the CPU and aregister bit (USUSOUT bit in USBSUSP) which
controls the external USSUSP output are provided.

Figure 12.16 shows the enter/recover sequence of suspend mode. And the following 1to 6
descriptions explain the operation at its each point.

vsor T UL UL ) UYL
Internal suspend signal _I:l ;/Hggrrupté il % %
USBI2 interrupt request _,—| cleared | r—|—5
USSUSP mask signal ; ; i E E i_
USSUSP i é | | :
—— ] — i
Initial setting [1] [2.] [3] . ["1] [5] . [é]

: USSUSP signal mask period

Figure12.16 Enter/Recover Sequence of USB Suspend State

1. USBSUSP Output Mask

When the USUSOUT bit in USBSUSP is cleared to 0, output of the USSUSP pin is masked
(fixed to 1) and notification of the suspend state to the external transceiver is disabled.

2. Entering Suspend State by USB Module
If the USB continuesto beidle for the specified time, the USB module asserts the internal
suspend signal and enters the suspend state. Since the USSUSP output is masked by means of
the USUSOUT bit in USBSUSP, the external pin, USSUSP, is not changed.

3. USB Suspend Interrupt (USBI2)

When the USUSFGE bit in USBSUSP is set to 1 and the internal suspend signal of the USB
module is changed, an interrupt (USBI2) can be requested to the CPU.

Astheinitial setting, the USUSFG bit (interrupt flag) in USBSUSP should be cleared to 0 and
then the USUSFGE bit in USBSUSP should be set to 1.

The USBI2 interrupt request occurs when the internal suspend signal of the USB moduleis
changed. After the interrupt flag is cleared in the interrupt routine, monitor the USUSMONI bit
in USBSUSP and confirm that the interrupt occurs because of transition to the suspend state.
Note that an interrupt occurs when transition is made in the following order: normal mode,
suspend mode, and normal mode.
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4. Clearing Suspend Signal Output Mask
To prevent access to the USB module by the CPU or DMAC from occurring in the interrupt
processing routine, the USUSOUT bit in USBSUSP is set to 1 after the setting such as to stop
the DMAC is made. Then output of the USSUSP pin goes low and the USCLK input from the
external transceiver is stopped.
After the USCLK input is stopped, do not access the USB module registers by the CPU or
DMAC.

5. USB Suspend Interrupt (USBI2)

Even if the USCLK is stopped, the internal suspend signal is negated after the USB bus stateis
recovered from the suspend state.

Since the USBI2 interrupt is requested when the internal suspend signal is changed, if
interrupts are enabled, an interrupt is requested to the CPU even when the internal suspend
signal is negated.

6. Suspend Signal Output Mask

In the interrupt processing routine, output of the USSUSP pin should be masked (fixed to 1) by
clearing the USUSOUT bit in USBSUSP to 0.

Then access to the USB module registers can be performed by the CPU or DMAC.

12.7.2  Software Standby in Suspend Mode

In the firmware mainly for the USB, if the USB enters suspend mode, this LS| enters software
standby mode which is the power-down state because power consumption of the system can be
reduced. Since the system clock (¢) is stopped in software standby mode, the suspend recover
interrupt (SUSRI) is used to recover from software standby mode.

Figure 12.17 shows the enter/recover sequence of suspend mode and software standby mode. And
the following 1 to 8 descriptions explain the operation at its each point.
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|
Internal suspend signal '

! Interrupt . H H H
' - flag ' H ' 1 Interrupt
\ /cleared ! ' ' ' :/flag
USBI2 interrupt request _'_| . ! ' |_:_‘ﬂ?_
USSUSP mask signal D |. ; M H ! . —

USSUSP — i+ |

Software sténdby mode

% 'U'ISMMYIILI'U'L

=

Oscnlatlon stabilization time ' Interrupt
1 H H ! gl 1 flag
SUSRI interrupt request . . ! ! | ! ] cleared 1
Initial setting  [1] 2] 3] [4] 5] 6] “m ! i8]

: USSUSP signal mask period.
During the period other than the USSUSP signal mask period, the internal suspend signal is inverted and output.

1.

Figure12.17 Enter/Recover Sequence of USB Suspend State and Softwar e Standby M ode

USSUSP Output Mask

When the USUSOUT bit in USBSUSP is cleared to O, output of the USSUSP pin is masked
(fixed to 1) and notification of the suspend state to the external transceiver is disabled.

Entering Suspend State by USB Module

If the USB continues to be idle for the specified time, the USB module asserts the internal
suspend signal and enters the suspend state. Since the USSUSP output is masked by means of
the USUSOUT bit in USBSUSP, the external pin, USSUSP, is not changed.

USB Suspend Interrupt (USBI2)

When the USUSFGE bit in USBSUSP is set to 1 and the internal suspend signal of the USB
module is changed, an interrupt (USBI2) can be requested to the CPU.

Astheinitia setting, the USUSFG hit (interrupt flag) in USBSUSP should be cleared to 0 and
then the USUSFGE bit in USBSUSP should be set to 1.

The USBI2 interrupt request occurs when the internal suspend signal of the USB moduleis
changed. After the interrupt flag is cleared in the interrupt routine, monitor the USUSMONI bit
in USBSUSP and confirm that the interrupt occurs because of transition to the suspend state.
Note that an interrupt occurs when transition is made in the following order: normal mode,
suspend mode, and normal mode.
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. Clearing Suspend Signal Output Mask

To prevent access to the USB module by the CPU or DMAC from occurring in the interrupt
processing routine, the USUSOUT bit in USBSUSP is set to 1 after the setting such as to stop
the DMAC is made. Then output of the USSUSP pin goes low and the USCLK input from the
external transceiver is stopped.

After the USCLK input is stopped, do not access the USB module registers by the CPU or
DMAC.

. Entering Softwar e Standby M ode

When the USB bus state enters the state other than the USB idle state before software standby
mode is entered, the suspend recover interrupt (SUSRI) is set in order to clear software standby
mode.

To enable the suspend recover interrupt (SUSRI), clear the SUSRIF bit in PFCR3 to 0 and then
set the SUSRIE bit in PFCR3 to 1.

After that, the SLEEP instruction is executed while the SSBY bit in SBYCR isset to 1 in order
to enter software standby mode.

The system clock (¢) is stopped and this LS| enters the power-down state.

. Recover Event from Suspend
If the USB bus state recovers from the suspend state, the suspend recover interrupt (SUSRI) is
reguested. By this interrupt request, software standby mode can be cancelled.

If the USB bus state recovers from the suspend state, the USSUSP pin is negated and this LSl
starts oscillation. After the specified oscillation stabilization time is elapsed, the internal
system clock is supplied and the CPU executes the suspend recover interrupt (SUSRI)
processing.

. Suspend Recover Interrupt (SUSRI)

In the interrupt processing routine, clear the SUSRIF bit in PFCR3 to 0 and then clear the
SUSRIE bit in PFCR3 to 0 in order to disable the suspend recover interrupt (SUSRI).

At thistime, the USBI2 interrupt is requested. The priority of the SUSRI interrupt must be
higher than that of the USBI2 interrupt.

. USB Suspend Interrupt (USBI2)

After recovering from the SUSRI interrupt processing, the pending USBI2 interrupt processing
is executed.

To mask output of the USSUSP pin (fix to 1), clear the USUSOUT bitin USBSUSP to 0 in the
interrupt processing routine.

Then access to the USB registers can be performed by the CPU or DMAC.
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12.8 Usage Notes

1281  Setup Data Reception
The following must be noted for the EPOs FIFO used to receive 8-byte setup data.

The USB is designed to always receive setup requests. Accordingly, write from the USB bus has
higher priority than read from CPU. If the reception of the next setup request starts while CPU is
reading data after completing reception, this dataread from CPU isforcibly cancelled and the next
setup request write starts. After the next setup request write, dataread from CPU is thus
undefined.

1282 FIFO Clear

If the USB cableis disconnected during communication, old data may be contained in the FIFO.
Accordingly, FIFOs must be cleared immediately after USB cable connection.

Note, however, that FIFOs that are currently used for data transfer to or from the host must not be
cleared.

12.8.3 Operating Frequency

The system clock (¢) must range from 31 MHz to 33 MHz.

12.8.4 Interrupts

This module uses signals in which each bit in IFRO islogical-ORed as interrupt requests. Thus,
even if aflagis cleared, the request is not negated while at least one of other flagsis set.

1285 Register Access Size

In this module, all registers should be accessed in 32-bit units using the MOV .L instruction. They
cannot be accessed in 8- or 16-bit units using instructions such as MOV.W, MOV .B, or hit
mani pulation instruction.
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12.8.6 Data Register Overread or Overwrite

When dataregistersin this module are read from or written to, the following must be noted:

1

Receive Data Register

Receive dataregisters must not read a data size that is greater than the effective size of the read
dataitem. In other words, receive data registers must not read data with data size larger than
that specified by the receive data size register. For the receive data register of EP1 having a
dual-FIFO configuration, datato be read at any time must be within the maximum packet size.
Make sure to confirm that the EP1 FULL bitin IFRO is set to 1 before reading from data from
asingle FIFO, because data registers cannot be accessed while FIFOs are switched.

Transmit Data Register

Data to be written to the transmit data registers must be within the maximum packet size. For
the transmit data register of EP2 having a dual-FIFO configuration, data to be written at any
time must be within the maximum packet size. In this case, after a datawrite, the FIFO is
switched to the other FIFO, enabling an further data write, when the number of transmit datais
written in PK TE2. Accordingly, data of size corresponding to two FIFOs must not be written
to the transmit dataregisters at atime. Make sure to confirm that the EP2EMPTY bit in IFRO
is set to 1 before writing data to a single FIFO, because data registers cannot be accessed while
FIFOs are switched.

12.8.7 EPO Interrupt Sources Assignment

EPO interrupt sources assigned to hits 3 to 0 in IFRO must be assigned to the same interrupt signal
by setting ISRO. There are no other restrictions on interrupt sources.

128.8 FIFO Sizeat Full Speed Mode

This module operates in high-speed or full-speed mode. The FIFO size to be used in each mode is
shown below. Therefore, data more than 64 bytes cannot be read from or written to the one FIFO
for EP1 or EP2 in full-speed mode. If the read or write is performed, correct transfer isimpossible.
Data less than 64 bytes should be read from or written to.
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Table12.4 FIFO Sizein Each Transfer Mode

FIFO Size

FIFO Transfer Transfer
Endpoint Full Speed High Speed Configuration Method Direction
EPOs 8 bytes 8 bytes Single Setup Out
EPOi 64 bytes 64 bytes Single Control In
EPOo 64 bytes 64 bytes Single Control Out
EP1 64 bytes 512 bytes Dual Bulk Out
EP2 64 bytes 512 bytes Dual Bulk In
EP3 64 bytes 64 bytes Single Interrupt In

12.8.9 Level Shifter for VBUS Pin

The USVBUS pin of this LSl must be connected to the USB connector's VBUS pin viaalevel
shifter. (Make sure the polarity is correct.) Thisis because the USB module has a circuit that
operates by detecting USB cable connection or disconnection.

Even if the power of the device incorporating this module is turned off, 5-V power is applied to
the USB connector's VBUS pin while the USB cable is connected to the device set. To protect the
LSl from destruction, use an external level shifter which allows voltage application to the pin even
when the power is off.

12.8.10 USB 2.0 Transceiver (Physical Layer)

This module does not include the USB 2.0 transceiver. Therefore an external transceiver should be
used.

12.8.11 EPDROsRead

EPDROs must be read in 8-byte units. Otherwise, the data received in the next setup cannot be
read normally.

12.8.12 USB Busldlein High-Speed Mode

When the USB bus enters the idle state in high-speed mode, this module enters full-speed mode.
However, the MODE MN1 and MODE MNO bitsin IFRO are not changed. Therefore, the
MODEF bit in IFRO is not set.
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12.8.13 Note on USB Bus Disconnection

If the connector is disconnected by the user regardless of whether communication isin progress
with the host or theidle state is entered, the USB cable may be disconnected. When the USB cable
is disconnected and data transfer is performed between the USB module and the host, the correct
transfer cannot be performed after the cable is connected again. Therefore, when the cable
disconnection is detected, the USB module must be reset. To reset this, set the USBSWRST bit in
PFCR3to 1. The CPU must access PFCR3. After the USBSWRST bit is set to 1 and one clock is
elapsed, clear the USBSWRST hit to 0. Then, the USB module operates normally. After areset,
values of all registersin the USB module are returned to the initial values so they should be set
again.

12.8.14 Example of External Circuit

Since this LSI does not contain the on-chip USB physical layer, the physical layer LSl in the
UTMI specification should be connected externally. Figure 12.19 shows a connection example of
the external circuit. Figure 12.19 is only an example. The actual connecting differs according to
the specifications of the external physical layer LS| in the UTMI specification.

T % T External physical layer LSl in
This LSI > > the UTMI specification
= =
USXCVRS »| XcvrSelect
USTSEL | TermSelect
USCLK |- CLK
USRXACT | RXActive
USRXV | RXValid (RXValidH)
USRXERR | RXError
USTXV | TXValid (TXValidH)
USTXRDY |- TXReady
USD15 to USDO |- »| Data15 to Data0
USVBUS USWDVLD |- »| ValidH
USSUSP »| SuspendM
USLSTA1, USLSTAO |- LineState [1:0]
USOPM1 | OpMode [1] DP
) USOPMO »| OpMode [0] DM
Reset signal ™ RES :_E :_E :_E RST (assert H)
T it TIT
[>o
Level shifter

(3.3V) VBUS USB

Power-supply voltage can be applied (5V) connector

to this IC even when the system (LSI)
power is off.

Figure12.18 Connection Example of External Cir cuit
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12.8.15 External Physical Layer LS|

The pin name, usage, and type may differ according to each of external physical layer LSI. Check
and confirm the specifications of it before connecting to thisLSl.

12.8.16 Operation at the Bus Reset Reception

When abus reset is received from the host, there will be a defect in the operation described below.
When the first bus reset from the host completes, and then the second bus reset is received without
following bus accesses of SOF or data transfer, the second bus reset will not be received
successfully (shown in case 2 in figure 12.19).

Case 1

1 Bus reset (first) 1 SOF, etc. | Bus reset (second)
T T T T

| Bus reset (first)  No transfer (Idle) , Bus reset (second),
Case 2 — T T T

Figure12.19 BusReset Following Completion of First Bus Reset

Note:  Since the successive bus resets are not normally required, the bus reset does not occur
successively with following no data transfer.

In order to detect the bus reset correctly, even in the case 2, follow the procedure shown in figure
12.20.
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Normal bus reset processing

.

Clear USBSUSP/USUSFG
flagto O

»l
»-

Yes
IFRO/SETUP TS=1?

No

USBSUSP/USUSFG=1?

A
PFCR3/USBSWRST 1 write
PFCR3/USBSWRST 0 write

USB module initial setting (ISR0/IERO etc)

CTRL/PULLUPE 1 write

IFRO/VBUS F=1?

Figure12.20 Bus Reset Detection Flow

12.8.17 Usage Notesin Control IN Transfer

In the status stage of the control IN transfer, O-length packet is only received.

12.8.18 USB Interrupt During Softwar e Standby

Asthe USB clock stops during software standby, USBIO and USBI 1 interrupts like VBUS
interrupt will not be generated.
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Section 13 RAM

This LS has an on-chip high-speed static RAM. The RAM is connected to the CPU by a 16-bit
data bus and is connected to the DMAC by a 32-bit data bus, enabling one-state access to byte
data, word data, and longword data (note that two-state access is used when the RAM is accessed
by using the longword access instruction such as MOV .L by the CPU).

The on-chip RAM can be enabled or disabled by means of the RAME bit in the system control
register (SY SCR). For details on the system control register (SY SCR), refer to section 3.2.2,
System Control Register (SY SCR).

RAM
Product Type ROM Type Capacity RAM Address
H8S/2170 HD64F2170  Flash memory version 32 kbytes  H'FF7000 to H'FFEFFF
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Section 14 Flash Memory (0.18-um F-ZTAT Version)

The flash memory has the following features. Figure 14.1 shows a block diagram of the flash
memory.

141 Features

Size
Product Classification ROM Size ROM Address
H8S/2170 HD64F2170 256 kbytes H'000000 to H'03FFFF

Two flash-memory MATSs according to LSl 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.

— Theuser memory MAT isinitiated at a power-on reset in user mode: 256 kbytes

— The user boot memory MAT isinitiated at a power-on reset in user boot mode: 8 kbytes
Programming/erasing interface by the download of on-chip program

This LS| has a dedicated programming/erasing program. After downloading this program to
the on-chip RAM, programming/erasing can be performed by setting the argument parameter.
Programming/erasing time

The flash memory programming timeis 3 ms (typ) in 128-byte simultaneous programming and
approximately 25 us per byte. The erasing time is 1000 ms (typ) per 64-kbyte block.

Number of programming

The number of flash memory programming can be up to 100 times at the minimum. (The value
ranged from 1 to 100 is guaranteed.)

Three 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 this LS.

— User program mode
Theuser 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.
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e Programming/erasing protection
Sets protection against flash memory programming/erasing via hardware, software, or error
protection.

e Programmer mode
This mode uses the PROM programmer. The user MAT and user boot MAT can be
programmed.

Internal address bus

Internal data bus (16 bits)

FCCS
FPCS
[2]
a2 — FECS Memory MAT unit
(]
S FKEY Control unit User MAT: 256 kbytes
§ FMATS User boot MAT: 8 kbytes
FTDAR
Flash memory
FWEpin _— _p»i Operating
Mode pin mode
Legend

FCCS: Flash code control status register

FPCS: Flash program code select register

FECS: Flash erase code select register

FKEY: Flash key code register

FMATS: Flash MAT select register

FTDAR: Flash transfer destination address register

Figure14.1 Block Diagram of Flash Memory
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1411 Operating Mode

When each mode pin and the FWE pin are set in the reset state and reset start is performed, this
LS| enters each operating mode as shown in figure 14.2.

e Flash memory can be read in user mode, but cannot be programmed or erased.

e Flash memory can be read, programmed, or erased on the board only in user program mode,
user boot mode, and boot mode.

e Flash memory can be read, programmed, or erased by means of the PROM programmer in
programmer mode.

RES =0

o
-

Programmer
mode

Programmer mode setting

Reset state

«
o
- q A
‘FWE =0
User mode |+ User program User boot Boot mode
FWE = 1 mode mode

On-board programming mode

Figure14.2 Mode Transition of Flash Memory
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14.1.2

Mode Comparison

The comparison table of programming and erasing related items about boot mode, user program
mode, user boot mode, and programmer mode is shown in table 14.1.

Table14.1 Comparison of Programming Modes

User program Programmer

Boot mode mode User boot mode mode
Programming/ On-board On-board On-board PROM
erasing programmer
environment
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 *! 0 o X

erasure

Program data
transfer

From host via SCI

From optional
device via RAM

From optional
device via RAM

Via programmer

Reset initiation
MAT

Embedded
program storage
MAT

User MAT

User boot MAT*?

Transition to user

mode

Changing mode

setting and reset

Changing FLSHE
bit and FWE pin

Changing mode
setting and reset

Notes: 1. All-erasure is performed. After that, the specified block can be erased.

2. Firstly, the reset vector is fetched from the embedded program storage MAT. After the
flash memory related registers are checked, the reset vector is fetched from the user
boot MAT.

e Theuser boot MAT can be programmed or erased only in boot mode and programmer 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.

e There are some possible ways in this mode such as, writing only to the user boot MAT while
rewriting the user MAT in user boot mode, or rewriting only the user MAT due to not using
the user boot mode.
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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14.1.3 Flash MAT Configuration
This LSI's flash memory is configured by the 256-kbyte user MAT and 8-kbyte user boot MAT.

The start address is allocated to the same address in the user MAT and user boot MAT. Therefore,
when the program execution or data accessis performed between two MATS, the MAT must be
switched by using FMATS.

The user MAT or user boot MAT can beread in al modes. However, the user boot MAT can be
programmed only in boot mode and programmer mode.

<User MAT> <User Boot MAT>
Address H'000000 Address H'000000
8 kbytes

Address H'001FFF

256 kbytes

Address H'O3FFFF

Figure14.3 Flash Memory Configuration

The size of the user MAT isdifferent from that of the user boot MAT. An address which exceeds
the size of the 8-kbyte user boot MAT should not be accessed. If the attempt is made, datais read
as undefined value.
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14.1.4 Block Division

The user MAT isdivided into 64 kbytes (three blocks), 32 kbytes (one block), and 4 kbytes (eight
blocks) as shown in figure 14.4. The user MAT can be erased in this divided-block units and the
erase-block number of EBO to EB11 is specified when erasing.

EBO | H'000000 ! H'000001 ! H'000002 ! —Programming unit: 128 bytes—  _H00007F
Erase unit: 4 kbytes == ! ! ! ! ~~

H'000F80 | H'O00F81 ! HOOOF82 !  — — — — — — — — — — — — _ _ ! H'000FFF

EB1 H'001000E H'001001 E H'001002 E —Programming unit: 128 bytes— E H'00107F
Erase unit: 4 kbytes L , , , ! L

H'001F80 i HO01F81 ;, H'001F82,  ———————————— ——  H'001FFF

EB2 H'002000 ! H'002001 ! H'002002 ! —Programming unit: 128 bytes— ' H'00207F
Erase unit: 4 kbytes = ' ' ' ' B

H002F80 : H002F81 | HO02F82 i  — — —————————— —— ! H'002FFF

EB3 H'003000 | H'003001 | H'003002 ! —Programming unit: 128 bytes— 1 H00307F
Erase unit: 4 kbytes =~ , , : : ~

H'003F80 1 H'003F81 1 HO003F82 1  —————————————— | H'003FFF

EB4 H'004000 | H'004001 | H004002 |  —Programming unit: 128 bytes—> | H00407F
Erase unit: 32 kbytes < | | | | L

HOOBF80: HOOBF81 i HOOBF82:1  ——————————— - —— | H'OOBFFF

EB5 H'00C000; H'00C001 i H'00C002 ; —Programming unit: 128 bytes— | H'00CO7F
Erase unit: 4 kbytes == E E E E L

HOOCF80! HOOCF81 ! HOOCF82:  — - —————-———-———~— | HOOCFFF

EB6 H'00D000 ; H'00D001 ; H'00DOO2 ; —Programming unit: 128 bytes— i H'00DO7F
Erase unit: 4 kbytes =L : : ! : T

HOODF80+ HOODF81 1 HOODF82:1 W - — = - ——————— —— - | H0ODFFF

EB7 H'00E000 1 H'00E001 : H'O0E002 i —Programming unit: 128 bytes— | H'00EQ7F
Erase unit: 4 kbytes == ! ! ! ! N=

HOOEF80 | HOOEF81 ! HOOEF82!  ————-———-———-——— | HOOEFFF

EB8 H'00F000 1 H'00F001  H'00F002 . —Programming unit: 128 bytes— i H'OOFO7F
Erase unit: 4 kbytes ~= ! ! ! ! ~N=

HOOFF80 ! HOOFFS1 ! HOOFF82 !  — - — - ——— - ——— - — © HOOFFFF

EB9 H010000 1 H010001 + H010002 1  —Programming unit: 128 bytes—> 1 H01007F
Erase unit: 64 kbytes = ' ' ' ' ~N=

HO1FF80 | HOTFF81 | HOTFF82 !  —— — — — — —— — — — — — — " HO1FFFF

A EB10 H020000 1 H020001 : H020002 —Programming unit: 128 bytes— | H02007F
Erase unit: 64 kbytes == \ ' ! ! R

. HO2FF80 | HO2FF8! | HOPFF2!  — — —— —— —— — — — — — — " HO2FFFF

A eB11 H'030000 : H'030001 + H030002 :  —Programming unit: 128 bytes— 1 H03007F
Erase unit: 64 kbytes “}= 1 1 1 1 8

¥ HO3FF80 ' HO3FF81 ! HO3FF82! - ——-—-=--=-—————— ' HO3FFFF

Figure14.4 Block Division of User MAT
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14.1.5 Programming/Erasing I nterface

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. An
overview of the procedureis given as follows. For details, see section 14.4.2, User Program Mode.

Start user procedure
program for programming/erasing.
\

Select on-chip program to be
downloaded and
specify the destination.

\

Download on-chip program
by setting FKEY and SCO bits.
Initialization execution
(downloaded program execution)

—>
Programming (in 128-byte units)

or erasing (in one-block units)
(downloaded program execution)

Programming/erasing
completed?

End user procedure
program

No

Figure14.5 Overview of User Procedure Program

1. Selection of on-chip program to be downloaded
For programming/erasing execution, the FWE pin must be set to 1 to transition to user program
mode.
This LS| has programming/erasing programs which 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 address of the programming destination is
specified by the flash transfer destination address register (FTDAR).
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2. Download of on-chip program
The on-chip program is automatically downloaded by setting the flash key register (FKEY)
and the SCO bit in the flash control register (FCCS), which are programming/erasing interface
registers.
The flash memory 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 the 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 parameter,
whether the normal download is executed or not can be confirmed.

3. Initiaization of programming/erasing
The operating frequency is set before execution of programming/erasing. This setting is
performed by using the programming/erasing interface parameter.

4. Programming/erasing execution
For programming/erasing execution, the FWE pin must be set to 1 to transition to user program
mode.
The program data/programming destination addressis 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 parameter and the on-
chip program isinitiated. The on-chip program is executed by using the JSR or BSR
instruction and performing the subroutine call of the specified address in the on-chip RAM.
The execution result is returned to the programming/erasing interface parameter.
The areato be programmed must be erased in advance when programming flash memory.
All interrupts are prohibited during programming and erasing. Interrupts must be masked
within 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 humber 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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14.2  Input/Output Pins

Table 14.2 shows the flash memory pin configuration.

Table14.2 Pin Configuration

Pin Name Input/Output Function

RES Input Reset

FWE Input Flash memory programming/erasing enable pin
MD2 Input Sets operating mode of this LSI

MD1 Input Sets operating mode of this LSI

TxDO Output Serial transmit data output (used in boot mode)
RxD0O Input Serial receive data input (used in boot mode)

14.3 Register Descriptions

The registers/parameters which control flash memory are shown in the following.

Flash code control status register (FCCS)

Flash program code select register (FPCS)

Flash erase code select register (FECS)

Flash key code register (FKEY)

Flash MAT select register (FMATS)

Flash transfer destination address register (FTDAR)
RAM emulation register (RAMER)

Download pass and fail result (DPFR)

Flash pass and fail result (FPFR)

Flash multipurpose address area (FMPAR)

Flash multipurpose data destination area (FMPDR)
Flash erase Block select (FEBS)

Flash program and erase frequency control (FPEFEQ)

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 dlocated for each operating mode and MAT selection. The correspondence of operating modes
and registers/parameters for useis shown in table 14.3.
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Table14.3 Register/Parameter and Target Mode

Program-
Download Initialization ming Erasure Read

Programming/ FCCS o — — — —
Erasing Interface FPCS o _ _ _ _
Register

FECS o — — — —

FKEY ©) — @) @) —

FMATS — — O *! O *' O **

FTDAR @) — — — —
Programming/ DPFR ) — — — -
Erasing Interface "coeR — o 0 o —
Parameter

FPEFEQ — o — — —

FUBRA — o — — —

FMPAR — — O — —

FMPDR — — o — —

FEBS — — — O —

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.

1431 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. These registers are initialized at areset or in hardware standby mode.

e 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.

Initial
Bit Bit Name Value R/W Description
7 FWE 1/0 R Flash Program Enable

Monitors the signal level input to the FWE pin.

0: A low level signal is input to the FWE pin.
(Hardware protection state)

1: A high level signal is input to the FWE pin.

6,5 — AllO R/W Reserved
The initial value should not be changed.
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Initial
Bit Bit Name Value R/W Description

4 FLER 0 R Flash Memory Error

Indicates an error occurs during programming and
erasing flash memory. When FLER is set to 1, flash
memory enters the error protection state.

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 us which is longer than normal.

0: Flash memory operates normally.
Programming/erasing protection for flash memory
(error protection) is invalid.

[Clearing condition]

e Atareset orin hardware standby mode

1: An error occurs during programming/erasing flash
memory.

Programming/erasing protection for flash memory
(error protection) is valid.

[Setting conditions]

o When an interrupt, such as NMI, occurs during

programming/erasing flash memory.

e When the flash memory is read during
programming/erasing flash memory (including a
vector read or an instruction fetch).

e When the SLEEP instruction is executed during
programming/erasing flash memory (including
software-standby mode)

¢ When a bus master other than the CPU, such as the
DMAC, gets bus mastership during
programming/erasing flash memory.
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Initial

Description

Program/Erase Enable

Modifies the space for the interrupt vector table, when
interrupt vector data is not read successfully during
programming/erasing flash memory or switching
between a user MAT and a user boot MAT. When this
bit is set to 1, interrupt vector data is read from address
spaces H'FF8000 to H'FF807F (on-chip RAM space),
instead of from address spaces H'000000 to H'00017F
(up to vector number 31). Therefore, make sure to set
the vector table in the on-chip RAM space before setting
this bit to 1.

The interrupt exception handling on and after vector
number 32 should not be used because the correct
vector is not read, resulting in the CPU runaway.

0: The space for the interrupt vector table is not
modified.
When interrupt vector data is not read successfully,
the operation for the interrupt exception handling
cannot be guaranteed. An occurrence of any
interrupts should be masked.

1: The space for the interrupt vector table is modified.
Even when interrupt vector data is not read
successfully, the interrupt exception handling up to
vector number 31 is enabled.

Bit Bit Name Value R/W
3 WEINTE O R/W
2,1 — AllO R/W

Reserved
The initial value should not be changed.
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Initial
Bit Bit Name Value R/W Description

0 SCO 0 (R)/W*  Source Program Copy Operation

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 specified by FTDAR.

In order to set this bit to 1, H'A5 must be written to FKEY
and this operation must be executed in the on-chip
RAM.

Four NOP instructions must be executed immediately
after setting this bit to 1.

Since this bit is cleared to 0 when download is
completed, this bit cannot be read as 1.

All interrupts must be disabled. This should be made in
the user system.

0:Download of the on-chip programming/erasing
program to the on-chip RAM is not executed.

[Clearing condition]
When download is completed

1: Request that the on-chip programming/erasing
program is downloaded to the on-chip RAM is
occurred.

[Setting conditions]
When all of the following conditions are satisfied and 1
is set to this bit

e H'A5 is written to FKEY
¢ During execution in the on-chip RAM

Note: * This bit is a write only bit. This bit is always read as 0.
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e Flash Program Code Select Register (FPCS)
FPCS selects the on-chip programming program to be downloaded.

Initial
Bit Bit Name Value R/W Description
7t01 — All O R/W Reserved
The initial value should not be changed.
0 PPVS 0 R/W Program Pulse Verify

Selects the programming program.
0: On-chip programming program is not selected.
[Clearing condition] When transfer is completed

1: On-chip programming program is selected.

e Flash Erase Code Select Register (FECS)
FECS selects download of the on-chip erasing program.

Initial
Bit Bit Name Value R/W Description
7t01 — All O R/W Reserved
The initial value should not be changed.
0 EPVB 0 R/W Erase Pulse Verify Block

Selects the erasing program.

0: On-chip erasing program is not selected.
[Clearing condition] When transfer is completed
1: On-chip erasing program is selected.
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e 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 Initial
Bit Name Value R/W Description
7 K7 0 R/W Key Code
6 K6 0 R/W Only when H'A5 is written, writing to the SCO bit is valid.
5 K5 0 R/W When the value other than H'A5 is written to FKEY, 1
4 K4 0 R/W cannot be set to the SCO bit. Therefore downloading to
3 K3 0 R/W the on-chip RAM cannot be executed.
2 K2 0 R/W
1 K1 0 R/W Only when H'5A is written, programming/erasing can be
0 KO 0 R/W executed. Even if the on-chip programming/erasing

program is executed, the flash memory cannot be
programmed or erased when the value other than H'5A
is written to FKEY.

H'A5: Writing to the SCO bit is enabled. (The SCO bit
cannot be set by the value other than H'A5.)

H'5A: Programming/erasing is enabled. (The value other
than H'A5 is in software protection state.)

H'00: Initial value
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e Flash MAT Select Register (FMATS)

FMATS specifies whether user MAT or user boot MAT is selected.

Bit Initial
Bit Name Value R/W Description
7 MS7 0/1* R/W MAT Select
6 MS6 0 . R/W These bits are in user-MAT selection state when the
S MS5 0/1 R/W value other than H'AA is written and in user-boot-MAT
4 MS4 0 R/W selection state when H'AA is written.
3 MS3 0/1* R/W
) MS2 0 R/W The MAT is switched by writing the value in FMATS.
1 MS1 0/1* R/W When the MAT is switched, follow section 14.6,
0 MSO0 0 R/W Switching between User MAT and User Boot MAT. (The

user boot MAT cannot be programmed in user program
mode if user boot MAT is selected by FMATS. The user
boot MAT must be programmed in boot mode or in
programmer mode.)

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.

Note: * Setto 1 when in user boot mode, otherwise set to 0.
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e Flash Transfer Destination Address Register (FTDAR)

FTDAR specifies the on-chip RAM address where an on-chip program is downloaded. This
register must be specified before setting the SCO bit in FCCSto 1.

Bit
Bit Name

Initial
Value

R/W

Description

7 TDER

0

R/W

Transfer Destination Address Setting Error

This bit is set to 1 when the address specified by bits
TDAG to TDAO, which is the start address where an on-
chip program is downloaded, is over the range. Whether
or not the address specified by bits TDA6 to TDAO is
within the range of H'00 to H'03 is determined when an
on-chip program is downloaded by setting the SCO bit in
FCCS to 1. Make sure that this bit is cleared to 0 and
the value specified by bits TDA6 to TDAO is within the
range of H'00 to H'03 before setting the SCO bit to 1.

0: The value specified by bits TDA6 to TDAO is within
the range.

1: The value specified by bits TDA6 to TDAO is over the
range (H'04 to H'FF) and download is stopped.

TDA6
TDA5
TDA4
TDAS3
TDA2
TDA1
TDAO

O—=MNMwhrod

[eNeoNoNoNoNoNo)

R/W
R/W
R/W
R/W
R/W
R/W
R/W

Transfer Destination Address

Specifies the start address where an on-chip program is
downloaded. A value from H'00 to H'03 can be specified
as the download start address in the on-chip RAM.

H'00: H'FF7000 is specified as the download start
address.

H'01: H'FFBO0O0O is specified as the download start
address.

H'02: H'FFDO0OO is specified as the download start
address.

H'03: H'FFEB800 is specified as the download start
address.

H'04 to H'FF: Setting prohibited. Specifying this value
sets the TDRE bit to 1 during downloading
and stops the download.
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o RAM Emulation Register (RAMER)

RAMER specifies the area of flash memory to be overlapped with part of RAM when emulating
realtime flash memory programming. RAMER is initialized to H'00 by a power-on reset and in
hardware standby mode. It is hot initialized in software standby mode. RAMER settings should be

made in user mode or user program mode.

Flash memory area divisions are shown in table 14.4. To ensure correct operation of the emulation
function, the ROM for which RAM emulation is performed should not be accessed immediately
after this register has been modified. Normal execution of an accessimmediately after register

modification is not guaranteed.

Initial
Bit Bit Name Value R/W Description
7t04 — AllO — Reserved
These bits are always read as 0. The write value should
always be 0.
3 RAMS 0 R/W RAM Select
Specifies selection or non-selection of flash memory
emulation in RAM. When RAMS is 1, all flash memory
blocks are program/erase-protected.
0: Emulation not selected
Program/erase-protection of all flash memory blocks
is disabled.
1: Emulation selected
Program/erase-protection of all flash memory blocks
is enabled.
RAM2 0 R/W Flash Memory Area Selection
1 RAM1 0 R/W These bits are used together with bit 3 to select the flash
0 RAMO 0 R/W

memory area to be overlapped with RAM (see table
14.4).
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Table14.4 Flash Memory Area Divisions

RAM Area Block Name RAM2 RAM1 RAMO
H'000000 to H'000FFF EBO (4 kbytes) 0 0 0
H'001000 to H'001FFF EB1 (4 kbytes) 0 0 1
H'002000 to H'002FFF EB2 (4 kbytes) 0 1 0
H'003000 to H'003FFF EB3 (4 kbytes) 0 1 1
H'004000 to H'004FFF EB4 (4 kbytes) 1 0 0
H'005000 to H'005FFF EB5 (4 kbytes) 1 0 1
H'006000 to H'006FFF EB6 (4 kbytes) 1 1 0
H'007000 to H'007FFF EB7 (4 kbytes) 1 1 1

14.3.2  Programming/Erasing I nterface Parameter

The programming/erasing interface parameter specifies the operating frequency, 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. Theinitial valueis undefined at areset 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 astack areato be used is 132 bytes.)

The programming/erasing interface parameter is used in the following four items.

Download control

Initialization before programming or erasing
Programming

Erasing

A w DN PR

These items use different parameters. The correspondence table is shown in table 14.5. The
meaning of the bitsin FPFR varies in each processing program: initialization, programming, or
erasure. For details, see descriptions of FPFR for each process.
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Table14.5 Parametersand Target M odes

Name of Abbrevia- Down Initializa- Program- Initial Alloca-
Parameter tion Load tion ming Erasure R/W  Value tion
Download pass DPFR O — — — R/W  Undefined  On-chip
and fail result RAM*
Flash pass and fail FPFR — O O O R/W  Undefined ROL of
result CPU
Flash FPEFEQ — O —_ —_ R/W Undefined RO of
programming/ CPU
erasing frequency
control
Flash multipurpose FMPAR — — O — R/W Undefined  On-chip
address area RAM
Flash multipurpose FMPDR — — O — R/W Undefined  On-chip
data destination RAM
area
Flash erase block FEBS — — — O R/W Undefined  ROL of
select CPU
Note: * A single byte of the start address to download an on-chip program, which is specified by
FTDAR
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Download Control: The on-chip program is automatically downloaded by setting the SCO hit to
1. The on-chip RAM areato be downloaded is the 2-kbyte area starting from the address specified
by FTDAR.

Download control is set by the program/erase interface registers, and the DPFR parameter
indicates the return value.

a Download pass/fail result parameter (DPFR: single byte of start address 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 is difficult, the certain determination must be performed by writing the single byte of
the start address specified by FTDAR to the value other than the return value of download (for
example, H'FF) before the download start (before setting the SCO bit to 1).

Initial

Bit Bit Name Value R/W Description

7t03 — — — Unused
Return 0

2 SS — R/W Source Select Error Detect
Only one type for the on-chip program which can be
downloaded can be specified. When more than two
types of the program are selected, the program is not

selected, or the program is selected without mapping,
error is occurred.

0: Download program can be selected normally

1: Download error is occurred (multi-selection or
program which is not mapped is selected)

1 FK — R/W Flash Key Register Error Detect
Returns the check result whether the value of FKEY is
set to H'AS5.
0: KEY setting is normal (FKEY = H'A5)
1: Setting value of FKEY becomes error (FKEY = value
other than H'A5)
0 SF — R/W Success/Fail

Returns the result whether download is ended normally
or not. The determination result whether program that is
downloaded to the on-chip RAM is read back and then
transferred to the on-chip RAM is returned.

0: Downloading on-chip program is ended normally (no
error)

1: Downloading on-chip program is ended abnormally
(error occurs)
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Programming/Erasing I nitialization: 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.

a Flash programming/erasing frequency parameter (FPEFEQ: genera register ERO of CPU)

This parameter sets the operating frequency of the CPU. The settable range of the operating
frequency inthis LSl is 10 to 33 MHz.

Initial
Bit Bit Name Value R/W Description
31to 16 — — — Unused
This bit should be cleared to 0.
15t00 F15to FO — R/W Frequency Set

Set the operating frequency of the CPU. With the PLL
multiplication function, set the frequency multiplied. 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 value multiplied by 100 is converted to the
binary digit and is written to the FPEFEQ parameter
(general register ERO).

For example, when the operating frequency of the CPU
is 33.000 MHz, the value is as follows.

1. The number to three decimal places of 33.000 is
rounded and the value is thus 33.00.

2. The formula that 33.00 x 100 = 3300 is converted to

the binary digit and B'0000,1100,1110,0100
(H'OCE4) is set to ERO.
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b

Thi

Bit

Flash pass/fail parameter (FPFR: general register ROL of CPU)
s parameter indicates the return value of the initialization result.

Initial
Bit Name Value R/W Description

7to2 — — — Unused

Return O

FQ — R/W Frequency Error Detect

Returns the check result whether the specified operating
frequency of the CPU is in the range of the supported
operating frequency.

0: Setting of operating frequency is normal
1: Setting of operating frequency is abnormal

SF — R/W Success/Fall
Indicates whether initialization is completed normally.
0: Initialization is ended normally (no error)
1: Initialization is ended abnormally (error occurs)

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 must be stored in a general
register ER1. This parameter is called as flash multipurpose address area parameter (FMPAR).
Since the program data is always in units of 128 bytes, the lower eight bits (A7 to AQ) must be
H'00 or H'80 as the boundary of the programming start address on the user MAT.

The program data for 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 in other than the flash memory space.

When data to be programmed does not satisfy 128 bytes, the 128-byte program data must be
prepared by filling with the dummy code H'FF.

The start address of the areain which the prepared program data is stored must be stored in a
general register ERO. This parameter is called as flash multipurpose data destination area
parameter (FMPDR).

For details on the program processing procedure, see section 14.4.2, User Program Mode.
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a Flash multipurpose address area parameter (FMPAR: genera register ER1 of CPU)

This parameter stores the start address of the programming destination on the user MAT.

When the address in the area other than 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.

Initial
Bit Bit Name Value R/W Description
31to0 MOAS31to — R/W Store the start address of the programming destination
MOAO 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.

b Flash multipurpose data destination parameter (FMPDR: general register ERO of CPU):

This parameter stores the start address in the area which stores the data to be programmed in the
user MAT. When the storage destination of the program datais in flash memory, an error occurs.
The error occurrence isindicated by the WD bit in FPFR.

Initial
Bit Bit Name Value R/W Description
31to0 MOD31to — R/W Store the start address of the area which stores the
MODO program data for the user MAT. The consecutive 128-

byte data is programmed to the user MAT starting from
the specified start address.

¢ Flash pass/fail parameter (FPFR: general register ROL of CPU)

This parameter indicates the return value of the program processing result.

Initial
Bit Bit Name Value R/W Description
7 — — — Unused
Return 0.
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Bit

Bit Name Value

Initial

R/W

Description

6

MD

R/W

Programming Mode Related Setting Error Detect

Returns the check result that a high level signal is input
to the FWE pin and the error protection state is not
entered. When the low level signal is input to the FWE
pin or the error protection state is entered, 1 is written to
this bit. The state can be confirmed with the FWE and
FLER bits in FCCS. For conditions to enter the error
protection state, see section 14.5.3, Error Protection.

0: FWE and FLER settings are normal (FWE = 1, FLER

1: Programming cannot be performed (FWE = 0 or
FLER = 1)

EE

R/W

Programming Execution Error Detect

1 is returned to this bit when the specified data could not
be written because the user MAT was not erased. If this
bit is set to 1, there is a high possibility that the user
MAT is partially rewritten. In this case, after removing
the error factor, erase the user MAT.

If FMATS is 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 boot mode or
programmer mode.

0: Programming has ended normally

1: Programming has ended abnormally (programming
result is not guaranteed)

FK

R/W

Flash Key Register Error Detect

Returns the check result of the value of FKEY before the
start of the programming processing.

0: FKEY setting is normal (FKEY = H'5A)
1: FKEY setting is error (FKEY = value other than H'5A)

Unused
Returns 0.

WD

R/W

Write Data Address Detect

When the address in the flash memory area is specified
as the start address of the storage destination of the
program data, an error occurs.

0: Setting of write data address is normal
1: Setting of write data address is abnormal
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Initial
Bit Bit Name Value R/W Description

1 WA — R/W Write Address Error Detect

When the following items are specified as the start

address of the programming destination, an error

occurs.

o When the programming destination address in the
area other than flash memory is specified

e When the specified address is not in a 128-byte
boundary. (The lower eight bits of the address are
other than H'00 and H'80.)

0: Setting of programming destination address is normal

1: Setting of programming destination address is
abnormal

0 SF — R/W Success/Fail

Indicates whether the program processing is ended
normally or not.

0: Programming is ended normally (no error)
1: Programming is ended abnormally (error occurs)

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).

Oneblock is specified from the block number 0 to 11.
For details on the erasing processing procedure, see section 14.4.2, 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.
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Initial

Bit Bit Name Value R/W Description
31to8 — — — Unused
These bits should be cleared to H'0.
7 EB7 — R/W Erase Block
6 EB6 T R/W Set the erase-block number in the range from 0 to 11. 0
5 EB5 T R/W corresponds to the EBO block and 11 corresponds to the
4 EB4 T R/W EB11 block. An error occurs when the number other
3 EB3 T R/W than O to 11 is set.
2 EB2 — R/W
1 EB1 — R/W
0 EBO — R/W

b Flash pass/fail parameter (FPFR: general register ROL of CPU)

This parameter returns value of the erasing processing result.

Initial
Bit Bit Name Value R/W Description
7 — — — Unused
Return 0.
6 MD — R/W Programming Mode Related Setting Error Detect

Returns the check result that a high level signal is input
to the FWE pin and the error protection state is not
entered. When the low level signal is input to the FWE
pin or the error protection state is entered, 1 is written to
this bit. The state can be confirmed with the FWE and
FLER bits in FCCS. For conditions to enter the error
protection state, see section 14.5.3, Error Protection.

0: FWE and FLER settings are normal (FWE = 1, FLER
1: Programming cannot be performed (FWE =0 or
FLER =1)
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Bit Initial

Bit Name Value R/W Description

5 EE — R/W Erasure Execution Error Detect
1 is returned to this bit when the user MAT could not be
erased or when flash-memory related register settings
are partially changed. If this bit is set to 1, there is a high
possibility that the user MAT is partially erased. In this
case, after removing the error factor, erase the user
MAT. If FMATS is set 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 boot mode or programmer mode.
0: Erasure has ended normally
1: Erasure has ended abnormally (erasure result is not

guaranteed)

4 FK — R/W Flash Key Register Error Detect
Returns the check result of FKEY value before start of
the erasing processing.
0: FKEY setting is normal (FKEY = H'5A)
1: FKEY setting is error (FKEY = value other than H'5A)

3 EB — R/W Erase Block Select Error Detect
Returns the check result whether the specified erase-
block number is in the block range of the user MAT.
0: Setting of erase-block number is normal
1: Setting of erase-block number is abnormal

2,1 — — — Unused
Return 0.

0 SF — R/W Success/Fail

Indicates whether the erasing processing is ended
normally or not.

0: Erasure is ended normally (no error)
1: Erasure is ended abnormally (error occurs)
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144  On-Board Programming Mode

When the pin is 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: boot mode, user program mode, and user boot

mode.

For details of the pin setting for entering each mode, see table 14.6. For details of the state

transition of each mode for flash memory, see figure 14.2.

Table14.6 Setting On-Board Programming M ode

Mode Setting FWE MD2 MD1 NMI
Boot mode 1 0 0 1
User program mode 1 1 1 01
User boot mode 1 0 0 0

1441 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 thisLSI's
pin isset in boot mode, the boot program in the microcomputer isinitiated. After the SCI bit rate
is automatically 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 14.6. For details on the pin
setting in boot mode, see table 14.6. The NMI and other interrupts are ignored in boot mode.
However, the NMI and other interrupts should be disabled in the user system.
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This LSI

Control command, > Flash
analysis execution memory
Host software (on-chip)

Boot # ﬁ

Control command, program data

programming » RxDO
tool and program ) > _
data On-chip SCI On-chip RAM
TxDO

Reply response

Figure14.6 System Configuration in Boot M ode

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-hit data, 1 stop bit, and no parity. This LSI calculates
the bit rate of transmission by the host by means of the measured low period and transmits the bit
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 LSl is not matched by the bit 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 4,800 bps, 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 thisLSI, is shown in table 14.7. Boot mode must be initiated in the range of this
system clock.

Start Stop bit
b+ | DO | DI | D2 | D3 D4 | D5 | D6 | D7 | o oP7
n >«
Measure low period (9 bits) (data is H'00) High period of
at least 1 bit

Figure14.7 Automatic-Bit-Rate Adjustment Operation of SCI
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Table14.7 System Clock Frequency for Automatic-Bit-Rate Adjustment by ThisL S|

Bit Rate of Host System Clock Frequency
4,800 bps 10 to 33 MHz
9,600 bps 10 to 33 MHz
19,200 bps 10 to 33 MHz

State Transition Diagram: The overview of the state transition diagram after boot mode is
initiated is shown in figure 14.8.

1.

Bit rate adjustment

After boot mode isinitiated, the bit rate of the SCI interface is adjusted with that of the host.

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.

Automatic erasure of al user MAT and user boot MAT

After inquiries have finished, all user MAT and user boot MAT are automatically erased.

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 datais
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 used when the specified block is
programmed without a reset start after programming is executed in boot mode. When
programming can be executed by only one operation, all 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 programmed data after
all user MAT/user boot MAT has automatically been erased.
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(Program end notice) command reception)

(Bit rate adjustment)
H'00....... H'00 reception

H'00 transmission \/i
o djustment leted
Boot mode initiation (adjustment completed) Bit rate adjustment 1

(reset by boot mode)

. . . Inquiry command reception .
Wait for inquiry L messmg_ of
setting command inquiry setting
%quiry command response Comm?nd

All user MAT and

3. user boot MAT erasure
Y Read/check command —
Wait for reception messing of
programming/erasing l ( read/check command

COmmW Command response

A

(Erasure selection command reception)
(Erasure end selection

(Erase-block specification)
(Program command reception)

Wait for erase-block
data
j I o _

(Program data transmission)

Wait for program data

Figure 14.8 Overview of Boot Mode State Transition Diagram
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14.4.2 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 14.9.

High voltageis applied to internal flash memory during the programming/erasing processing.
Therefore, transition to reset or hardware standby must not be executed. Doing so may damage or
destroy flash memory. If reset is executed accidentally, reset must be released after the reset input
period of 100 uswhich islonger than normal.

Programming/erasing 1. Make sure that the program data will not overlap the download
start destination specified by FTDAR..

When programming, 2. The FWE bit is set to 1 by inputting a high level signal to the FWE
program data is prepared pin.
Programming/erasing 3. Programming/erasing is executed only in the on-chip RAM.
procedure program is However, if program data is in a consecutive area and can be
transferred to the on-chip accessed by the MOV.B instruction of the CPU like RAM or
RAM and executed ROM, the program data can be in an external space.

Programming/erasing 4. After programming/erasing is finished, input a low level signal to
end the FWE pin and transfer to the hardware protection state.

Figure14.9 Programming/Erasing Overview Flow
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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
determination of the result, must be executed in the on-chip RAM. The on-chip program that isto
be downloaded is all in the on-chip RAM. Note that areain the on-chip RAM must be controlled
so that these parts do not overlap.

Figure 14.10 shows the program area to be downloaded.

<On-chip RAM> Address
RAMTOP
Area that can be used by user
DPFR FTDAR setting

(Return value: 1 byte)

Area to be
downloaded
(Size : 2 kbytes)

Unusable area in
programming/erasing
processing period

System use area
(15 bytes)

Programming/erasing program entry

Initialization program entry

Initialization + programming program

FTDAR setting + 16

FTDAR setting + 32

or
Initialization + erasing program

FTDAR setting + 2 kbytes
RAMEND

Area that can be used by user

Figure14.10 RAM Map When Programming/Erasing is Executed
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Programming Procedurein User Program Maode: The procedures for download, initialization,
and programming are shown in figure 14.11.

Start programming
procedure program @

A Select on-chip program A
to be dpwnloaded and 1 Disable interrupts and bus
specify download . master operation 9.
destination by FTDAR other than CPU
\ [
‘ Set FKEY to H'A5 ‘ 2. ‘ Set FKEY to H'5A ‘ 10.
Set SCOto 1 and 3 Set parameters to ER1
g execute download . and ERO
o ‘ o (FMPAR and FMPDR) 11.
c c
2 Clear FKEY to 0 ‘ 4. '€ —
DO S Programming
= JSR FTDAR setting + 16/ 12.
A
o
o 13.
o
X Clear FKEY and
‘ Set the FPEFEQ ‘ e’r’rr;’rg;g;'gsigﬁ]g
parameter 6. Required data
8 ‘ programming is
= Initialization 7 completed? 14.
N JSR FTDAR setting + 32 '
© Yes
< ‘ Clear FKEY to 0 ‘ 15.
v

Yes ‘Initialization error processing‘ End programming
v @ procedure program

Figure14.11 Programming Procedure

The procedure program must be executed in an area other than the flash memory to be
programmed. Especially the part where the SCO bit in FCCSis set to 1 for downloading must be
executed in the on-chip RAM.

The area that can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 14.4.4, 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.
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When less than 128-byte programming is performed, data must total 128 bytes by adding the
invalid data. If the dummy data to be added is H'FF, the program processing period can be
shortened.

1. Select the on-chip program to be downloaded and specify a 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 SS bit in DPFR. The start
address of adownload destination is specified by FTDAR.

2. Program H'A5in FKEY

If H'A5 is not written to FKEY for protection, 1 cannot be set to the SCO bit for download
request.

3. lissettothe SCO bit of FCCS and then download is executed.
To set 1 to the SCO hit, the following conditions must be satisfied.
— H'A5iswritten to FKEY.

— 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 DPFR. Before the SCO bit is
set to 1, incorrect determination must be prevented by setting the one byte of the start address
(to be used as DPFR) 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 spaceis switched to the on-chip program storage area.

— After the selection condition of the download program and the FTDAR setting are checked,
the transfer processing to the on-chip RAM specified by FTDAR is executed.

— The SCO bitin FCCSiis cleared to 0.

— Thereturn valueis set to the DPFR parameter.

— After the on-chip program storage area is returned to the user-MAT space, the user
procedure program is returned.

— In the download processing, the values of genera registers of the CPU are held.

— In the download processing, any interrupts are not accepted. However, interrupt requests
are held. Therefore, when the user procedure program is returned, the interrupts occur.

— When the level-detection interrupt requests are to be held, interrupts must be input until the
download is ended.
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— 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 astack area of 128 bytes at the maximum is used, the area must be allocated before
setting the SCO hit to 1.

— If aflash memory access by the DMAC signal is requested during downloading, the
operation cannot be guaranteed. Therefore, an access request by the DMAC signal must not
be generated.

. FKEY iscleared to H'00 for protection.

. Thevalue of the DPFR parameter must be checked and the download result must be
confirmed.

— 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 valueis 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 setting were normal, respectively.

. The operating frequency and user branch destination are set to the FPEFEQ and FUBRA

parameters for initialization.

— The current frequency of the CPU clock is set to the FPEFEQ parameter (general register
ERO).
The settable range of the FPEFEQ parameter is 5 to 33 MHz. When the frequency is set to
out of thisrange, an error isreturned to the FPFR parameter of the initialization program
and initialization is not performed. For details on the frequency setting, see the description
in 14.3.2 (2) (), Flash programming/erasing frequency parameter (FPEFEQ).

. Initialization

When a programming program is downloaded, the initialization program is also downloaded to
the on-chip RAM. There is an entry point of the initialization program in the area from the start
address specified by FTDAR + 32 bytes of the on-chip RAM. The subroutineis called and
initialization is executed by using the following steps.

MOV.L  #DLTOP+32,ER2 ; Set entry address to ER2
JSR @ER2 ; Cal initialization routine
NOP
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— The general registers other than ROL are held in the initialization program.
— ROL isareturn value of the FPFR parameter.
— Since the stack areais used in the initialization program, 128-byte stack area at the
maximum must be allocated in RAM.
— Interrupts can be accepted during the execution of the initialization program. The program
storage area and stack areain the on-chip RAM and register values must not be destroyed.
8. Thereturn valuein the initialization program, FPFR (general register ROL) is determined.

9. All interrupts and the use of a bus master (DMAC) 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 this time, the
voltage for more than the specified time will be applied and flash memory may be damaged.
Therefore, interrupts and bus mastership to the DMAC are prohibited.

To prohibit the interrupt, bit 7 (1) in the condition code register (CCR) of the CPU should be
set to B'1in interrupt control mode O or bits 2 to 0 (12 to 10) in the extend control register of
the CPU should be set to B'111 in interrupt control mode 2. Then interrupts other than NMI
are held and are not executed.

The NMI interrupts must be masked within the user system.
Theinterrupts that are held must be executed after all program processing.

When the bus mastership is moved to the DMAC, the error protection state is entered.
Therefore, taking bus mastership by the DMAC is prohibited.

10. FKEY must be set to H'5A and the user MAT must be prepared for programming.

11. The parameter which is required 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 area (FMPDR) is set to general register
ERO.

— Example of the FMPAR setting
FMPAR specifies the programming destination address. When an address other than onein
the user 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 of the address must be H'00 or H'80 as the
boundary of 128 bytes.
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— Example of the FMPDR setting
When the storage destination of the program data is flash memory, even if the program
execution routine is executed, programming is not executed and an error is returned to the
FPFR parameter. In this case, the program data must be transferred to the on-chip RAM
and then programming must be executed.

12. Programming

Thereisan entry point of the programming program in the area from the start address specified

by FTDAR + 16 bytes of the on-chip RAM. The subroutineis 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

— The general registers other than ROL are held in the programming program.
— ROL isareturn value of the FPFR parameter.
— Since the stack areais used in the programming program, a stack area of 128 bytes at the
maximum must be allocated in RAM.
13. Thereturn value in the programming program, FPFR (genera register ROL) is determined.

14. 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 12 to 14. 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.

15. After programming finishes, clear FKEY and specify software protection.
If thisLSl isrestarted by areset immediately after user MAT programming has finished,
secure the reset period (period of RES = 0) of 100 uswhich islonger than normal.
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Erasing Procedurein User Program Mode: The procedures for download, initialization, and

erasing are shown in figure 14.12.

Start erasing procedure
program

A | select on-chip program
to be downloaded and
specify download
destination by FTDAR | 1.

‘ Set FKEY to H'A5 ‘

Set SCO to 1 and
execute download

Download

‘ Clear FKEY to 0 ‘

Erasing

b

‘ Set the FPEFEQ

Yes ‘ Initialization error processing ‘

parameter
c \
o P
'ﬁ Initialization
N JSR FTDAR setting + 32
S
=
v

©

A Disable interrupts and
bus master operation
other than CPU
[

‘ Set FKEY to H'5A ‘

"

‘ Set FEBS parameter ‘ 2.
Erasing 3
JSR FTDAR setting + 16 )
Clear FKEY and erasing
error processing

equired block
erasing is 5
completed? .

Yes
‘ Clear FKEY to 0 ‘ 6.
v

End erasing
procedure program

Figure14.12 Erasing Procedure

The procedure program must be executed in an area other than the user MAT to be erased.
Especially the part where the SCO bit in FCCS is set to 1 for downloading must be executed in the

on-chip RAM.

The area that can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 14.4.4, Procedure Program and Storable Areafor

Programming Data.

For the downloaded on-chip program area, refer to the RAM map for programming/erasing in

figure 14.10.

A single divided block is erased by one erasing processing. For block divisions, refer to figure
14.4. To erase two or more blocks, update the erase block number and perform the erasing

processing for each block.
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. Select the on-chip program to be downloaded

Set the EPVB hit in FECS to 1.

Severa programming/erasing programs cannot be selected at onetime. If several programs are
set, download is not performed and a download error is reported to the SS bit in the DPFR
parameter.

Specify the start address of a download destination by FTDAR.

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 Procedurein
User Program Mode in section 14.4.2, sub-section (2).

The procedures after setting parameters for erasing programs are as follows:

. 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 EROQ). 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.

. Erasure

Similar to asin programming, there is an entry point of the erasing program in the areafrom
the start address of a download destination specified 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 ; Cdll erasing routine
NOP

e Thegenera registers other than ROL are held in the erasing program.
* ROL isareturn value of the FPFR parameter.

» Sincethe stack areais used in the erasing program, a stack area of 128 bytes at the
maximum must be allocated in RAM.

. Thereturn value in the erasing program, FPFR (general register ROL) is determined.

. Determine whether erasure of the necessary blocks has compl eted.

If more than one block is to be erased, update the FEBS parameter and repeat steps 2 to 5.
Blocks that have already been erased can be erased again.

. After erasure completes, clear FKEY and specify software protection.

If this LSl isrestarted by areset immediately after user MAT erasure has completed, secure
the reset period (period of RES = 0) of 100 uswhich islonger than normal.
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Erasing and Programming Procedurein User Program M ode: 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 14.13 shows a repeating procedure of erasing and programming.

>

Erasing program
download

>

Programming program
download

<

CStart procedure program)

Specify a download
destination of erasing
program by FTDAR

Download erasing program

Initialize erasing program

Specify a download
destination of programming
program by FTDAR

Download programming
program

Initialize programming
program

>

Erasing/ Programming

<

(

A"

Erase relevant block
(execute erasing program)

Set FMPDR to
program relevant block
(execute programming

program)

Confirm operation

Yes

[ End procedure program ]

No

Figure 14.13 Repeating Procedure of Erasing and Programming

In the above procedure, download and initialization are performed only once at the beginning.

In thiskind of operation, note the following:

— Be careful not to damage on-chip RAM with overlapped settings.

In addition to the 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 aress.

— Besureto initiaize both the erasing program and programming program.
Initialization by setting the FPEFEQ parameter must be performed for both the erasing
program and the programming program. I nitialization must be executed for both entry
addresses: (download start address for erasing program) + 32 bytes and (download start

address for programming program) + 32 bytes.
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14.4.3 User Boot Mode

This LS has user boot mode which isinitiated with different mode pin settings than those in boot
mode or user program 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 isonly enabled in boot mode or programmer mode.

User Boot Maode Initiation: For the mode pin settings to start up user boot mode, see table 14.6.

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 al other interrupts cannot be accepted.

Next, processing starts from the execution start address of the reset vector in the user boot MAT.
At thispoint, H'AA is set to FMATS because the execution MAT is the user boot MAT.

User MAT Programming in User Boot Mode: For programming the user MAT in user boot
mode, additional processing made by setting FMATS is required: switching from user-boot-MAT
selection stateto user-MAT selection state, and switching back to user-boot-MAT selection state
after programming compl etes.

Figure 14.14 shows the procedure for programming the user MAT in user boot mode.
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Start programming
procedure program

Select on-chip program ?
to be downloaded and N
specify download K
destination by FTDAR Set FMATS to value other than

[ H'AA to select user MAT

‘ Set FKEY to H'A5 ‘ ‘

[
Set SCOto 1 and ‘ Set FKEY to H'A5 ‘

execute download 4*

‘ Set parameter to ERO and
‘ Clear FKEY to 0 ‘ ER1 (FMPAR and FMPDR)

I
DPFR=0 ?
N

Programming
Yes

Download

JSR FTDAR setting + 16

\Download error processing \

Set the FPEFEQ and
FUBRA parameters

Initialization
JSR FTDAR setting + 32

No
Yes| Clear FKEY and programming
error processing *

Programming

Required data
programming is
completed?

User-MAT selection state

User-boot-MAT selection state

Yes
‘ Clear FKEY to 0 ‘

Set FMATS to H'AA to

select user boot MAT
and bus master operation %H
other than CPU End programming
procedure program
i 4 User-boot-MAT
selection state Note: * The MAT must be switched by FMATS

to perform the programming error
processing in the user boot MAT.

Initialization

Initialization error processing

Disable interrupts

Figure14.14 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 14.14.

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 completes, switch the MATs again to return to the first state.

MAT switching is enabled by writing a specific value to FMATS. However note that while the
MATs are being switched, the LS| isin an unstable state, e.g. accessto aMAT isnot alowed until
MAT switching is completed, and if an interrupt occurs, from which MAT the interrupt vector is
read is undetermined. Perform MAT switching in accordance with the description in section 14.6,
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 area that can be executed in the steps of the user procedure program (on-chip RAM, user
MAT, and external space) is shown in section 14.4.4, Procedure Program and Storable Areafor
Programming Data.

User MAT Erasingin User Boot M ode: For erasing the user MAT in user boot mode, additional
processing made by setting FMATS is 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 14.15 shows the procedure for erasing the user MAT in user boot mode.

Start erasing
procedure program

Select on-chip program
to be downloaded and
specify download A
destination by FTDAR Set FMATS to value other
[ than H'AA to select user MAT
‘ Set FKEY to H'A5 ‘ ‘
\

% - Set SCO to 1 and ‘ Set FKEY to H'AS ‘
b7 8 execute download >
c | =2
kel g | % ‘ Set FEBS parameter ‘
© o ‘ Clear FKEY to 0 ‘ % ‘
[0}
o) = 8 Programming
& :
_ DPFR=07 ‘8 E) JSR FTDAR setting + 16
<< N @ 7z
2. Yes [ Download error processing] 3 A
8 ‘ Set the FPEFEQ and 'E Clear FKEY and erasing
_g - FUBRA ;‘Jarameters s error processing *
S
o | .8 e - R
» = Initialization @ block ing i
D | § | |JSRFTDAR setting + 32 2 Comploted?

IS

c

- ‘ Clear FKEY to 0 ‘

Yes[nitialization error processing |
Set FMATS to H'AA to
Di - select user boot MAT
isable interrupts
and bus master operation {
other than CPU % End erasing
procedure program
I 4 é User-boot-MAT
selection state  Note: * The MAT must be switched by FMATS to perform

the erasing error processing in the user boot MAT.

Figure14.15 Procedurefor Erasing User MAT in User Boot Mode

The difference between the erasing procedures in user program mode and user boot mode depends
on whether the MAT is switched or not as shown in figure 14.15.

Rev. 2.00, 03/04, page 417 of 534
RENESAS




MAT switching is enabled by writing a specific value to FMATS. However note that while the
MATs are being switched, the LS| isin an unstable state, e.g. accessto aMAT isnot alowed until
MAT switching is completed, and if an interrupt occurs, from which MAT the interrupt vector is
read is undetermined. Perform MAT switching in accordance with the description in section 14.6,
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 14.4.4, Procedure Program and Storable Areafor
Programming Data.

14.4.4  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.

Conditionsthat Apply to Programming/Erasing:

1. The on-chip programming/erasing program is downloaded from the address in the on-chip
RAM specified by FTDAR, therefore, this areais not available for use.

2. Theon-chip programming/erasing program will use 128 bytes at the maximum as a stack. So,
make sure that this areais secured.

3. Download by setting the SCO bit to 1 will lead to switching of the MAT. If, therefore, this
operation is used, it should be executed from the on-chip RAM.

4. Theflash memory is accessible until the start of programming or erasing, that is, until the
result of downloading has been determined. When in a mode in which the external address
spaceis not accessible, such as single-chip mode, the required procedure programs, NMI
handling vector and NMI handler should be transferred to the on-chip RAM before
programming/erasing of the flash memory starts.

5. Theflash 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, and NM| handler
should thus be stored in on-chip memory other than flash memory or the external address
space.

Rev. 2.00, 03/04, page 418 of 534
RENESAS



6. After programming/erasing, the flash memory should be inhibited until FKEY is cleared.

The reset state (RES = 0) must be in place for more than 100 s when the L SI mode is changed
to reset on completion of a programming/erasing operation.

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 us) 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 MATs should be
executed from the on-chip RAM. See section 14.6, 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 area indicated by programming parameter FMPDR is within 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 tables.

Table14.8 Executable MAT

Initiated Mode

Operation User Program Mode User Boot Mode*
Programming Table 14.9 (1) Table 14.9 (3)
Erasing Table 14.9 (2) Table 14.9 (4)

Note: * Programming/Erasing is possible to user MATs.
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Table14.9(1) Useable Areafor Programmingin User Program Mode

Storable /Executable Area Selected MAT
Embedded
On-chip User External Space Program
Item RAM MAT (Expanded Mode) User MAT Storage Area
Storage Area for @) x* e) — —
Program Data
Operation for Selection @) O @) o)
of On-chip Program to
be Downloaded
Operation for Writing @) O @) @)
H'A5 to FKEY
Execution of Writing @) X x e)
SCO0=1to FCCS
(Download)
Operation for FKEY @) @) @) o)
Clear
Determination of ©) @) @) o)
Download Result
Operation for O O @) @)
Download Error
Operation for Settings @) O @) @)
of Initial Parameter
Execution of @) X x e)
Initialization
Determination of O O O O
Initialization Result
Operation for @) @) @) o)
Initialization Error
NMI Handling Routine O x O @)
Operation for Inhibit of @) O @) @)
Interrupt
Operation for Writing ©) O @) @)
H'5A to FKEY
Operation for Settings @) x @) @)

of Program Parameter
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Storable /Executable Area Selected MAT

Target Embedded
On-chip Flash External Space Program
Item RAM Memory (Expanded Mode) User MAT Storage Area
Execution of O x X o)
Programming
Determination of O x @) o)
Program Result
Operation for Program @) x @) o)
Error
Operation for FKEY O X @) @)
Clear

Note: * Transferring the data to the on-chip RAM enables this area to be used.
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Table14.9(2) Useable Areafor Erasurein User Program Mode

Storable /Executable Area Selected MAT
Embedded
On-chip User External Space Program
Item RAM MAT (Expanded Mode) User MAT Storage Area
Operation for Selection O O @) @)
of On-chip Program to
be Downloaded
Operation for Writing ©) O @) o)
H'A5 to FKEY
Execution of Writing @) x x o)
SCO0=1to FCCS
(Download)
Operation for FKEY O O @) @)
Clear
Determination of ©} O O O
Download Result
Operation for O O @) @)
Download Error
Operation for Settings @) @) @) e)
of Initial Parameter
Execution of O X X @)
Initialization
Determination of O O O O
Initialization Result
Operation for ©) @) @) o)
Initialization Error
NMI Handling Routine @) x @) @)
Operation for Inhibit of ©) O @) o)
Interrupt
Operation for Writing @) O @) @)
H'5A to FKEY
Operation for Settings ©) x @) o)
of Erasure Parameter
Execution of Erasure O X X O
Determination of O X @) @)

Erasure Result
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Storable /Executable Area Selected MAT

Embedded
On-chip User External Space Program
Item RAM MAT (Expanded Mode) User MAT Storage Area
Operation for Erasure O x @) @)
Error
Operation for FKEY O X @) @)
Clear

Rev. 2.00, 03/04, page 423 of 534
RENESAS



Table14.9(3) Useable Areafor Programmingin User Boot M ode

Storable/Executable Area

Selected MAT

External Space User Embedded
On-chip User Boot (Expanded User Boot Program
Item RAM MAT Mode) MAT MAT  Storage Area
Storage Area for O x*! 0 — — —
Program Data
Operation for @) @) @) o)
Selection of On-chip
Program to be
Downloaded
Operation for Writing @) O @) @)
H'A5 to FKEY
Execution of Writing @) x x @)
SCO0 =1to FCCS
(Download)
Operation for FKEY O O @) @)
Clear
Determination of @) O O @)
Download Result
Operation for O O @) @)
Download Error
Operation for ©) @) @) o)
Settings of Initial
Parameter
Execution of ©) x x o)
Initialization
Determination of O O O @)
Initialization Result
Operation for @) @) o) @)
Initialization Error
NMI Handling @) x @) @)
Routine
Operation for @) @) @) o)
Interrupt Inhibit
Switching MATs by @) x x o)
FMATS
Operation for Writing @) x @) ¢)
H'5A to FKEY
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Storable/Executable Area Selected MAT

External Space User Embedded
On-chip User Boot (Expanded User Boot Program
Iltem RAM MAT Mode) MAT MAT Storage Area
Operation for @) x @) @)
Settings of Program
Parameter
Execution of ©) x x @)
Programming
Determination of @) x @) e)
Program Result
Operation for O x*? O 0
Program Error
Operation for FKEY O X @) @)
Clear
Switching MATSs by ©) X x @)
FMATS

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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Table14.9(4) Useable Areafor Erasurein User Boot Mode

Storable/Executable Area Selected MAT
External Space User Embedded
On-chip User Boot (Expanded User Boot Program
Item RAM MAT Mode) MAT MAT  Storage Area
Operation for O O @) @)
Selection of On-chip
Program to be
Downloaded
Operation for Writing @) @) @) ¢)
H'A5 to FKEY
Execution of Writing ©) x x o)
SCO0 =1to FCCS
(Download)
Operation for FKEY O O @) @)
Clear
Determination of O O O O
Download Result
Operation for @) @) @) o)
Download Error
Operation for O O @) @)
Settings of Initial
Parameter
Execution of O x X o)
Initialization
Determination of O O O O
Initialization Result
Operation for O O @) @)
Initialization Error
NMI Handling @) x O @)
Routine
Operation for O @) @) @)
Interrupt Inhibit
Switching MATSs by @) X x o)
FMATS
Operation for Writing O x @) o)
H'5A to FKEY
Operation for O X @) @)
Settings of Erasure
Parameter
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Storable/Executable Area Selected MAT

External Space User Embedded
On-chip User Boot (Expanded User Boot Program
Iltem RAM MAT Mode) MAT MAT  Storage Area
Execution of Erasure O X X O
Determination of O x @) e)
Erasure Result
Operation for Erasure O x* @) @)
Error
Operation for FKEY O X @) @)
Clear
Switching MATSs by ©) x x e)
FMATS

Note: * Switching FMATS by a program in the on-chip RAM enables this area to be used.
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145 Protection

There are two kinds of flash memory program/erase protection: hardware and software protection.

145.1 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 are possible.
However, an activated program for programming or erasure cannot program or erase locationsin a
user MAT, and the error in programming/erasing is reported in the parameter FPFR.

Table 14.10 Hardware Protection

Function to be Protected

Item Description Download Program/Erase

FWE pin protection e When a low level signal is input to the — o
FWE pin, the FWE bit in FCCS is
cleared and the program/erase-
protected state is entered.

Reset/standby e The program/erase interface registers O o
protection are initialized in the reset state

(including a reset by the WDT) and

standby mode and the program/erase-

protected state is entered.

e The reset state will not be entered by
a reset using the RES pin unless the
RES pin is held low until oscillation
has stabilized after power is initially
supplied. 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. If a
reset is input during programming or
erasure, data values in the flash
memory are not guaranteed. In this
case, execute erasure and then
execute program again.
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14.5.2  Software Protection

Software protection is set up in any of two ways: by disabling the downloading of on-chip
programs for programming and erasing and by means of akey code.

Table 14.11 Softwar e Protection

Function to be Protected

Item Description Download Program/Erase
Protection by the e The program/erase-protected state is O o
SCO bit entered by clearing the SCO bit in

FCCS which disables the downloading
of the programming/erasing programs.

Protection by the e Downloading and o O
FKEY register programming/erasing are disabled

unless the required key code is written

in FKEY. Different key codes are used

for downloading and for

programming/erasing.

14.5.3 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 error-protection state is entered, and this aborts the
programming or erasure.

The FLER bit is set in the following conditions:

1. When an interrupt such as NMI occurs during programming/erasing.

2. When the flash memory is read during programming/erasing (including a vector read or an
instruction fetch).

3. When a SLEEP instruction (including software-standby mode) is executed during
programming/erasing.

4. When abus master other than the CPU, such asthe DMAC, gets bus mastership during
programming/erasing.
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Error protection is cancelled only by areset or by hardware-standby mode. Note that the reset
should be released after the reset period of 100 us which islonger than normal. 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 thisreason, 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 14.16 shows transitions to and from the error-protection
state.

Reset or hardware

Program mode o - standby
Erase mode RES=00rSTBY =0 » - (Hardware protection)
Read disabled Read disabled

Programming/erasing

Programming/erasing disabled
enabled FLER =0 FL

Program/erase interface
RES =0 or register is in its initial state.

Error occurrence STBY = 0

Error-protection mode

Error protection mode (Software standby)

Software-standby mode
—>

Read disabled
rogramming/erasing disabled

<« .
Cancel

software-standby mode

Read enabled
Programming/erasing disabled
FLER =1

Program/erase interface
register is in its initial state.

Figure14.16 Transitionsto Error-Protection State
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14.6  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 all ocated 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 programmer mode.)

1
2.

MAT switching by FMATS should always be executed from the on-chip RAM.

To ensure that the MAT that has been switched to is accessible, execute four NOP instructions
in the on-chip RAM immediately after writing to FMATS of the on-chip RAM (this prevents
access to the flash memory during MAT switching).

If an interrupt has occurred during switching, there is no guarantee of which memory MAT is
being accessed. Always mask the maskable interrupts before switching between MATSs. In
addition, configure the system so that NMI interrupts do not occur during MAT switching.
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 set the WEINTE bit in
FCCS to place the interrupt-vector table in the on-chip RAM.

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—| switching to
the user MAT

Procedure for switching to the user boot MAT

(1) Mask interrupts

(2) Write H'AA to FMATS.

(3) Execute four 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 FMATS.

(3) Execute four NOP instructions before accessing
the user MAT.

Figure14.17 Switching between the User MAT and User Boot MAT
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14.7  Flash Memory Emulation in RAM

14.7.1 Emulation in RAM

Making a setting in the RAM emulation register (RAMER) enables part of RAM to be overlapped
onto the flash memory area so that data to be written to flash memory can be emulated in RAM in
realtime. After the RAMER setting has been made, accesses can be made from the flash memory
area or the RAM area overlapping flash memory. Emulation can be performed in user mode and
user program mode. Figure 14.18 shows an example of emulation of realtime flash memory.

( Start of emulation program )

Set RAMER

\

Write tuning data to overlap RAM

A

Execute application program

N

Yes

Clear RAMER

A

Write to flash memory emulation block

y
( End of emulation program )

Figure14.18 Flowchart for Flash Memory Emulation in RAM
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1472 RAM Overlap

This area can be accessed
from both the RAM area
and flash memory area

H'00000 ——————---------- -
EBO
Ho1000 f————————f----------
EB1
H'02000 ! I
EB2 i !
H'03000 ! :
EB3 1 '
H'04000 ! !
EB4 i !
H'05000 ' :
EB5 E E
H'06000 ! .
EB6 1 !
H'07000 ! I
EB7 ' !
H'08000 E E
| H'FF7000
Flash memor H'FF7FFF
EBS8 to EB11
On-chip RAM
H'FFEFFF
H'3FFFF

Figure14.19 Example of RAM Overlap Operation (256-kbyte Flash Memory)

As the flash memory areato be emulated, bits RAM2 to RAMO select one area among eight areas,
EBOto EB7, in bank 1 of user MAT.

Figure 14.19 shows an example in which flash memory block area, EB1, is overlapped.

1. SetbitsRAMS, RAM2, RAM1, and RAMOin RAMER0 1, 0, O, 1, to overlap part of RAM
onto the area (EB1) for which realtime programming is required.

2. Redltime programming is performed using the overlapping RAM.

3. After the program data has been confirmed, the RAMS hit is cleared, releasing RAM overlap.

4. The datawritten in the overlapping RAM iswritten into the flash memory space (EB1).

Notes: 1. Whenthe RAMS hit is set to 1, program/erase-protection is enables for al flash
memory blocks regardless of the value of RAM2, RAM1, and RAMO (emulation
protection). When actually programming a flash memory area, the RAMS hit should
be cleared to 0.

2. The RAM area cannot be erased by execution of software in accordance with the erase
agorithm while flash memory emulation in RAM is being used.

3. Block area EBO includes the vector table. When performing RAM emulation, the
vector table is needed by the overlap RAM.
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14.8 Programmer Mode

Along with its on-board programming mode, this LS| also has a programmer mode as a further
mode for the writing and erasing of programs and data. In the programmer mode, a genera-
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 Technology’ s microcomputers with 258-kbyte flash memory as a device type*.
Figure 14.20 shows a memory map in programmer mode.

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's internal signals are output after
execution of automatic programming or automatic erasure. In programmer mode, provide a 12-
MHz input-clock signal.

Note: * InthisLSl, set the programming voltage of the PROM programmer to 3.3 V.

MCU mode This LSI Programmer mode
H'000000 H'00000

On-chip ROM area

H'03FFFF H'3FFFF

Figure14.20 Memory Map in Programmer Mode
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14.9  Serial Communication I nterface Specification for Boot M ode

Initiating boot mode enabl es 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 enabl es 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.

Inquiry/Selection State

In this state, the boot program responds to inquiry commands from the host. The device name,
clock mode, and bit rate are selected. After selection of these settings, the program is made to
enter the programming/erasing state by the command for atransition to the
programming/erasing state. The program transfers the libraries required for erasure to the on-
chip RAM and erases the user MATs and user boot MATSs before the transition.
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 14.21.
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. Response
Inquiry/response

/ wait / Inquiry * *
Operations for Operations for

Transition to . inquiry and selection response
programming/erasing

Operations for erasing
user MATs and user
boot MATSs

Programming/erasing

wait
Programming Erasing Checking
Operations for Operations for
programming erasing

Operations for
‘ ‘ checking

Figure14.21 Boot Program States
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Bit-Rate-Adjustment State: The bit rate is calculated by measuring the period of transfer of a
low-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 14.22.

Host Boot Program

>

H'00 (30 times maximum) Measuring the

1-bit length

<
H'00 (Completion of adjustment)

H'55

H'E6 (Boot response)

(H'FF (error))

Figure 14.22 Bit-Rate-Adjustment Sequence

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 a single 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 selections and
responses to inquiries.
The amount of programming datais not included under this heading because it is determined
in another command.

3. Error response

The error response is aresponse 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 n isindicated 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 —
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 ]

Figure 14.23 Communication Protocol For mat

e Command (one byte): Commands including inquiries, selection, programming, erasing, and

checking

¢ Response (one byte): Response to an inquiry
e Size (one byte): The amount of data for transmission excluding the command, amount of data,

and checksum

e Checksum (one byte): The checksum is calculated so that the total of al values from the
command byte to the SUM byte becomes H'00.

o Data(n bytes): Detailed data of a command or response
e Error response (one byte): Error response to acommand

e Error code (one byte): Type of the error
e Address (four bytes): Address for programming
e Data(n bytes): Datato be programmed (the size isindicated in the response to the

programming unit inquiry.)

e Size (four bytes): Four-byte response to amemory read
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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 14.12 Inquiry and Selection Commands

Command Command Name Description

H'20 Supported Device Inquiry Inquiry regarding device codes

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
MATSs and the start and last addresses of
each MAT

H'25 User MAT Information Inquiry Inquiry regarding the a number of user MATs
and the start and last addresses of each MAT

H'26 Block for Erasing Information Inquiry regarding the number of blocks and

Inquiry 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 MAT, and

State 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 certainly
be needed. When two or more selection commands are sent at once, the last command will be

valid.
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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).

(a) Supported Device Inquiry

The boot program will return the device codes of supported devices and the product codein
response to the supported device inquiry.

Command

e Command, H'20, (one byte): Inquiry regarding supported devices

Response |H'30 Size ‘Number of devices
Number of Device code Product name
characters
SUM

e Response, H'30, (one byte): Response to the supported device inquiry

e Size (one byte): Number of bytes to be transmitted, excluding the command, size, and
checksum, that is, the amount of data contributes by the number of devices, characters, device
codes and product names

e Number of devices (one byte): The number of device types supported by the boot program

e Number of characters (one byte): The number of characters in the device codes and boot
program's name

o Device code (four bytes): ASCII code of the supporting product

e Product name (n bytes): Type name of the boot program in ASCII-coded characters

e SUM (one byte): Checksum

The checksum is calculated so that the total number of all values from the command byte to
the SUM byte becomes H'00.
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(b) 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'1 0 ‘Size ‘Device code ‘SUM ‘

e Command, H'10, (one byte): Device selection

e Size(one byte): Amount of device-code data
Thisisfixed at 2

e Device code (four bytes): Device code (ASCII code) returned in response to the supported
device inquiry

e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to the device selection command
ACK will be returned when the device code matches.

Error response ‘H'QO ‘ERROR ‘
e Error response, H'90, (one byte): Error response to the device selection command
ERROR : (one byte): Error code
H'11: Sum check error
H'21: Device code error, that is, the device code does not match

(c) Clock Mode Inquiry

The boot program will return the supported clock modes in response to the clock mode inquiry.

Command

e Command, H'21, (one byte): Inquiry regarding clock mode

Response  |H'31 ‘Size ‘Number of modes ‘Mode ‘ ‘SUM ‘
e Response, H'31, (one byte): Response to the clock-mode inquiry
e Size(one byte): Amount of data that represents the number of modes and modes

e Number of clock modes (one byte): The number of supported clock modes
H'00 indicates no clock mode or the device allows to read the clock mode.

e Mode (one byte): Values of the supported clock modes (i.e. H'01 means clock mode 1.)
e SUM (one byte): Checksum
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(d) 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-sel ection commands.

Command ‘H'11 ‘Size ‘Mode ‘SUM ‘

e Command, H'11, (one byte): Selection of clock mode

e Size(one byte): Amount of datathat represents the modes

e Mode (onebyte): A clock mode returned in reply to the supported clock mode inquiry.
e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to the clock mode selection command
ACK will be returned when the clock mode matches.

Error Response |H'91 ‘ERROR ‘
e Error response, H'91, (one byte): Error response to the clock mode selection command
¢ ERROR : (one byte): Error code

H'11: Checksum error
H'22: Clock mode error, that is, the clock mode does not match.

Even if the clock mode numbers are H'00 and H'01 by a clock mode inquiry, the clock mode must
be selected using these respective values.

(e) Multiplication Ratio Inquiry

The boot program will return the supported multiplication and division ratios.

Command

e Command, H'22, (one byte): Inquiry regarding multiplication ratio

Response |H'32 Size Number
of types

Number of Multiplica-
multiplication ratios  |tion ratio

SUM
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Response, H'32, (one byte): Response to the multiplication ratio inquiry

Size (one byte): The amount of data that represents the number of clock sources and
multiplication ratios and the multiplication ratios

Number of types (one 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.)

Number of multiplication ratios (one 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 periphera
clock can be set.)

Multiplication ratio (one byte)

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.)

Division ratio: The inverse of the division ratio, i.e. a negative number (e.g. when the clock is
divided 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.

SUM (one byte): Checksum

(f) Operating Clock Frequency Inquiry

The boot program will return the number of operating clock frequencies, and the maximum and
minimum values.

Command

Command, H'23, (one byte): Inquiry regarding operating clock frequencies

Response |H'33 Size Number of operating clock
frequencies
Minimum value of operating |[Maximum value of operating clock
clock frequency frequency
SUM

Response, H'33, (one byte): Response to operating clock frequency inquiry

Size (one byte): The number of bytes that represents the minimum values, maximum values,
and the number of frequencies.

Number of operating clock frequencies (one 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.)
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Minimum value of operating clock frequency (two 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 2000, which is
H'07D0.)

Maximum value (two bytes): Maximum value among the multiplied or divided clock
frequencies.

There are as many pairs of minimum and maximum values as there are operating clock
frequencies.

SUM (one byte): Checksum

(g) User Boot MAT Information Inquiry

The boot program will return the number of user boot MATs and their addresses.

Command

Response |H'34 ‘Size ‘Numberofareas
Area-start address Area-last address
SUM \

Command, H'24, (one byte): Inquiry regarding user boot MAT information

Response, H'34, (one byte): Response to user boot MAT information inquiry

Size (one byte): The number of bytes that represents the number of areas, area-start addresses,
and area-last address

Number of Areas (one byte): The number of consecutive user boot MAT areas

When user boot MAT areas are consecutive, the number of areas returned is H'01.

Area-start address (four byte): Start address of the area

Area-last address (four byte): Last address of the area

There are as many groups of data representing the start and last addresses as there are areas.
SUM (one byte): Checksum
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(h) User MAT Information Inquiry

The boot program will return the number of user MATs and their addresses.

Command

e Command, H'25, (one byte): Inquiry regarding user MAT information

Response |H'35 ‘Size ‘Numberofareas
Start address area Last address area
SUM

e Response, H'35, (one byte): Response to the user MAT information inquiry
e Size (one byte): The number of bytes that represents the number of areas, area-start address
and area-last address

e Number of areas (one byte): The number of consecutive user MAT areas
When the user MAT areas are consecutive, the number of areasis H'01.

o Areastart address (four bytes): Start address of the area

o Arealast address (four bytes): Last address of the area
There are as many groups of data representing the start and last addresses as there are areas.

e SUM (one byte): Checksum
(i) Erased Block Information Inquiry

The boot program will return the number of erased blocks and their addresses.

Command

e Command, H'26, (two bytes): Inquiry regarding erased block information

Response |H'36 ‘Size ‘Number of blocks
Block start address Block last address
SUM

e Response, H'36, (one byte): Response to the number of erased blocks and addresses

e Size(three bytes): The number of bytes that represents the number of blocks, block-start
addresses, and block-last addresses.

e Number of blocks (one byte): The number of erased blocks

o Block start address (four bytes): Start address of a block

e Block last Address (four bytes): Last address of a block
There are as many groups of data representing the start and last addresses as there are areas.

e SUM (one byte): Checksum
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(7) Programming Unit Inquiry

The boot program will return the programming unit used to program data.

Command

e Command, H'27, (one byte): Inquiry regarding programming unit

Response

H'37 ‘Size ‘Programming unit ‘SUM ‘
e Response, H'37, (one byte): Response to programming unit inquiry
e Size (one byte): The number of bytes that indicate the programming unit, which isfixed to 2
e Programming unit (two bytes): A unit for programming
Thisis the unit for reception of programming.
e SUM (one byte): Checksum

(k) New Bit-Rate Selection
The boot program will set anew 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 ratios  |ratio 1 ratio 2
SUM

e Command, H'3F, (one byte): Selection of new hit rate

e Size (one byte): The number of bytes that represents the bit rate, input frequency, number of
multiplication ratios, and multiplication ratio

o Bit rate (two bytes): New bit rate
One hundredth of the value (e.g. when the value is 19200 bps, it will be 192, which is H'00C0.)

e Input frequency (two bytes): Frequency of the clock input to the boot program
Thisisvalid to the hundredths place and represents the value in MHz multiplied by 100. (E.g.
when the value is 20.00 MHz, it will be 2000, which isH'07D0.)

e Number of multiplication ratios (one byte): The number of multiplication ratios to which the
device can be set.

e Multiplication ratio 1 (one byte): The value of multiplication or division ratios for the main
operating frequency
Multiplication ratio (one byte): The value of the multiplication ratio (e.g. when the clock
frequency is multiplied by four, the multiplication ratio will be H'04.)
Division ratio: The inverse 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)
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Multiplication ratio 2 (one byte): The value of multiplication or division ratios for the
peripheral frequency

Multiplication ratio (one byte): The value of the multiplication ratio (e.g. when the clock
frequency is multiplied by four, the multiplication ratio will be H'04.)

(Division ratio: The inverse of the division ratio, as a negative number (E.g. when the clock is
divided by two, the value of division ratio will be H'FE. H'FE = D'-2)

SUM (one byte): Checksum

Response

Response, H'06, (one 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 ‘

Error response, H'BF, (one byte): Error response to selection of new bit rate
ERROR: (onebyte): Error code
H'11: Sum checking error
H'24: Bit-rate selection error
Therate isnot 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.

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.

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 value is out of this range, an input-
frequency error is generated.

Operating frequency error

Operating frequency is calculated from the received value of the input frequency and the
multiplication or division ratio. The input frequency isinput to the LS| and the LS| is operated
at the operating frequency. The expression is given below.

Operating frequency = Input frequency x Multiplication ratio, or

Operating frequency = Input frequency + Division ratio
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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 is out of thisrange, an operating frequency error is generated.

4. Bitrate

To facilitate error checking, the value (n) of clock select (CKS) in the serial mode register
(SMR), and the value (N) in the hit rate register (BRR), which are found from the peripheral
operating clock frequency (¢) and bit rate (B), are used to calculate the error rate to ensure that
it islessthan 4%. If the error is more than 4%, a bit rate error is generated. The error is
calculated using the following expression:

¢ x 108

Error (%) =
(%) {[(N+1)><B><64><2(2x"*‘)

]-1}x100

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

e Confirmation, H'06, (one byte): Confirmation of a new bit rate

Response

e Response, H'06, (one byte): Response to confirmation of a new bit rate

The sequence of new bit-rate selection is shown in figure 14.24.

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 14.24 New Bit-Rate Selection Sequence
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Transition to Programming/Erasing State: The boot program will transfer the erasing program,
and erase the user MATs and user boot MATsin 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 hit rate with device selection, clock-
mode selection, and new hit-rate selection commands, and then send the command for the
transition to programming/erasing state. These procedures should be carried out before sending of
the programming selection command or program data.

Command

e Command, H'40, (one byte): Transition to programming/erasing state

Response

e Response, H'06, (one 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

e Error response, H'CO, (one byte): Error response for user boot MAT blank check

e Error code, H'51, (one byte): Erasing error
An error occurred and erasure was not completed.

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 sel ection command
before a device selection or an inquiry command after the transition to programming/erasing state
command, are examples.

Error Response

e Error response, H'80, (one byte): Command error
e Command, H'xx, (one byte): Received command

Command Order: The order for commandsin 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-modeinquiry (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),
which are needed for a new hit-rate selection.
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6. A new hit rate should be selected with the new bit-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), and programming
unit inquiry (H'27).

8. After making inquiries and selecting a new bit rate, issue the transition to programming/erasing
state command (H'40). The boot program will then enter the programming/erasing state.

Programming/Erasing State: A programming selection command makes the boot program select
the programming method, a 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.

Table 14.13 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 the blank data of the user boot MAT

H'4D User MAT blank check Checks the blank data 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
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Programming

Programming is executed by a programming-selection command and a 128-byte programming
command.

Firstly, the host should send the programming-selection command and select the programming
method and programming MATS. There are two programming sel ection 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 sel ection 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 a 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 repested from the programming
selection command.

The sequence for programming-selection and 128-byte programming commands is shown in
figure 14.25.

Host Boot program

| -
-

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

programming

program

<

ACK

>
128-byte programming (address, data)
Programming

<

ACK

|-
>

128-byte programming (H'FFFFFFFF)
ACK

A

Figure 14.25 Programming Sequence
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(@) User boot MAT programming selection

The boot program will transfer a programming program. The data is programmed to the user boot
MATs by the transferred programming program.

Command

e Command, H'42, (one byte): User boot-program programming selection

Response

o Response, H'06, (one byte): Response to user boot-program programming selection
When the programming program has been transferred, the boot program will return ACK.
Error Response |H'C2 ‘ERROR ‘
e Error response : H'C2 (1 byte): Error response to user boot MAT programming selection
e ERROR: (1 byte): Error code
H'54: Selection processing error (transfer error occurs and processing is hot compl eted)

e User-program programming selection
The boot program will transfer a program for programming. The data is programmed to the
user MATSs by the transferred program for programming.

Command

e Command, H'43, (one byte): User-program programming selection

Response

e Response, H'06, (one 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 ‘
e Error response : H'C3 (1 byte): Error response to user MAT programming selection
e ERROR: (1 byte): Error code
H'54: Selection processing error (transfer error occurs and processing is not completed)

(b) 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 in response to 128-byte programming.

Command [H'50 Address
Data

SUM
e Command, H'50, (one byte): 128-byte programming
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e Programming Address (four 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'01000000)

e Programming Data (128 bytes): Data to be programmed
The sizeis specified in the response to the programming unit inquiry.

e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to 128-byte programming
On completion of programming, the boot program will return ACK.

Error Response

HDO |ERROR |
e Error response, H'DO, (one byte): Error response for 128-byte programming
o ERROR: (one byte): Error code
H'11: Checksum Error
H'2A: Address Error
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 eight bits 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

H50 |Address [SUM |

e Command, H'50, (one byte): 128-byte programming

e Programming Address (four bytes): End code is H'FF, H'FF, H'FF, H'FF.
e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to 128-byte programming
On completion of programming, the boot program will return ACK.
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Error Response |H'DO ‘ERROR ‘
e Error Response, H'DO, (one byte): Error response for 128-byte programming
o ERROR: (one byte): Error code

H'11: Checksum error
H'2A: Address Error
H'53: Programming error
An error has occurred in programming and programming cannot be continued.

Erasure: Erasureis 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 theissuing of erasure selection commands and the erasure of data are shown in
figure 14.26.

Host Boot program
>
Preparation for erasure (H'48)
Transfer of erasure
program
<
ACK
>
Erasure (Erasure block number)
“ ACK
>
Erasure (H'FF)
<
ACK

Figure 14.26 Erasure Sequence
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(a) Erasure Selection

The boot program will transfer the erasure program. User MAT datais erased by the transferred
erasure program.

Command

e Command, H'48, (one byte): Erasure selection

Response

e Response, H'06, (one byte): Response for erasure selection
After the erasure program has been transferred, the boot program will return ACK.

Error Response |H'C8 ‘ERROR ‘
e Error Response, H'C8, (one byte): Error response to erasure selection
o ERROR: (one byte): Error code
H'54: Selection processing error (transfer error occurs and processing is not completed)

(b) Block Erasure

The boot program will erase the contents of the specified block.

Command |H'58 ‘Size ‘Blocknumber ‘SUM ‘
e Command, H'58, (one byte): Erasure

e Size(one byte): The number of bytes that represents the erasure block number
Thisisfixed to 1.

e Block number (one byte): Number of the block to be erased
e SUM (one byte): Checksum

Response

e Response, H'06, (one byte): Response to Erasure
After erasure has been completed, the boot program will return ACK.

Error Response ‘H'DB ‘ERROR ‘
e Error Response, H'D8, (one byte): Response to Erasure
o ERROR (one 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.
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Command

H'58 ‘Size ‘Block number ‘SUM ‘

Command, H'58, (one byte): Erasure

Size, (one byte): The number of bytes that represents the block number
Thisisfixed to 1.

Block number (one byte): H'FF

Stop code for erasure

SUM (one byte): Checksum

Response

Response, H'06, (one byte): Response to end of erasure (ACK)
When erasureis to be performed after the block number H'FF has been sent, the procedure
should be executed from the erasure selection command.

Memory read: The boot program will return the data in the specified address.

Command |H'52 ‘Size ‘Area ‘Read address ‘

Response |H'52 Read size

Read size N
Command: H'52 (1 byte): Memory read
Size (1 byte): Amount of data that represents the area, read address, and read size (fixed at 9)
Area (1 byte)
H'00: User boot MAT
H'0l: 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 beread

Data (n bytes): Datafor the read size from the read address
SUM (1 byte): Checksum
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Error Response |H'D2 ‘ERROR ‘
e Error response: H'D2 (1 byte): Error response to memory read
e ERROR: (1 byte): Error code
H'11: Sum check error
H'2A: Address error
Theread addressisnot inthe MAT.
H'2B: Size error
Theread size exceeds the MAT.

User-Boot Program Sum Check: The boot program will return the byte-by-byte tota of the
contents of the bytes of the user-boot program, as a four-byte value.

Command

e Command, H'4A, (one byte): Sum check for user-boot program

Response

H'5A ‘Size ‘Checksum of user boot program ‘SUM ‘

e Response, H'5A, (one byte): Response to the sum check of user-boot program

e Size (one byte): The number of bytes that represents the checksum
Thisisfixed to 4.

e Checksum of user boot program (four bytes): Checksum of user boot MATs
Thetotal of the datais obtained in byte units.

e SUM (one byte): Sum check for data being transmitted

User-Program Sum Check: The boot program will return the byte-by-byte total of the contents
of the bytes of the user program.

Command

e Command, H'4B, (one byte): Sum check for user program

Response |H'5B ‘Size ‘Checksum of user program ‘SUM ‘

e Response, H'5B, (one byte): Response to the sum check of the user program

e Size (one byte): The number of bytes that represents the checksum
Thisisfixed to 4.

e Checksum of user boot program (four bytes): Checksum of user MATSs
Thetota of the datais obtained in byte units.
e SUM (one byte): Sum check for data being transmitted
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User Boot MAT Blank Check: The boot program will check whether or not all user boot MATSs
are blank and return the result.

Command

e Command, H'4C, (one byte): Blank check for user boot MAT

Response

e Response, H'06, (one byte): Response to the blank check of user boot MAT
If al user MATs are blank (H'FF), the boot program will return ACK.

Error Response

e Error Response, H'CC, (one byte): Response to blank check for user boot MAT
e Error Code, H'52, (one byte): Erasure has not been completed.

User MAT Blank Check: The boot program will check whether or not all user MATs are blank
and return the result.

Command

e Command, H'4D, (one byte): Blank check for user MATs

Response

e Response, H'06, (one 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.

Error Response

e Error Response, H'CD, (one byte): Error response to the blank check of user MATS.
e Error code, H'52, (one 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.

Command

e Command, H'4F, (one byte):  Inquiry regarding boot program'’s state

Response |H'5F ‘Size ‘Status ‘ERROR ‘SUM ‘

e Response, H'5F, (one byte): Response to boot program state inquiry
e Size (one byte): The number of bytes. Thisisfixed to 2.

e Status (one byte): State of the boot program

Rev. 2.00, 03/04, page 458 of 534
RENESAS



o ERROR (one byte): Error status

ERROR = 0 indicates normal operation.
ERROR = 1 indicates error has occurred.

e SUM (one byte): Sum check

Table 14.14 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

H'5F

Erasure Block Specification Wait (Erasure is completed)
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Table 14.15 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
H'27 Operating Frequency Error
H'29 Block Number Error

H2A Address Error

H'2B Data Length Error

H'51 Erasure Error

H'52 Erasure Incomplete Error
H'53 Programming Error

H'54 Selection Processing Error
H'80 Command Error

H'FF Bit-Rate-Adjustment Confirmation Error
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14.10 Usage Notes

1.

Theinitia state of the Renesas Technology's product at its shipment isin the erased state. For
the product whose revision of erasing is undefined, we recommend to execute automatic
erasure for checking the initial state (erased state) and compensating.

For the PROM programmer suitable for programmer mode in this LS| and its program version,
refer to the instruction manual of the socket adapter.

If the socket, socket adapter, or product index does not match the specifications, too much
current flows and the product may be damaged.

If avoltage higher than the rated voltage is applied, the product may be fatally damaged. Use a
PROM programmer that supports the Renesas Technology's 256 kbytes flash memory on-chip
MCU device at 3.3 V. Do not set the programmer to HN28F101 or the programming voltage to
5.0 V. Use only the specified socket adapter. If other adapters are used, the product may be
damaged.

Do not remove the chip from the PROM programmer nor input areset signal during
programming/erasing. As a high voltage is applied to the flash memory during
programming/erasing, doing so may damage or destroy flash memory permanently. If reset is
executed accidentally, reset must be released after the reset input period of 100 uswhichis
longer than normal.

The flash memory is not accessible until FKEY is cleared after programming/erasing
completes. If thisLSl isrestarted by areset immediately after programming/erasing has
finished, secure the reset period (period of RES = 0) of more than 100 us. Though transition to
the reset state or hardware standby state during programming/erasing is prohibited, if reset is
executed accidentally, reset must be released after the reset input period of 100 uswhichis
longer than normal.

At powering on or off the Vcc power supply, fix the RES pin to low and set the flash memory
to hardware protection state. This power on/off timing must also be satisfied at a power-off and
power-on caused by a power failure and other factors.

Program the area with 128-byte programming-unit blocks in on-board programming or
programmer mode only once. Perform programming in the state where the programming-unit
block isfully erased.

When the chip isto be reprogrammed with the programmer after execution of programming or
erasure in on-board programming mode, it is recommended that automatic programming is
performed after execution of automatic erasure.

10. To write data or programs to the flash memory, data or programs must be allocated to

addresses higher than that of the external interrupt vector table (H'000040) and H’' FF must be
written to the areas that are reserved for the system in the exception handling vector table.
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11. If data other than H'FF (four bytes) iswritten to the key code area (H'00003C to H'00003F) of
flash memory, reading cannot be performed in programmer mode. (In this case, dataisread as
H'00. Rewriteis possible after erasing the data.) For reading in programmer mode, make sure
to write H'FF to the entire key code area. If data other than H'FF isto be written to the key
code areain programmer mode, a verification error will occur unless a software
countermeasure is taken for the PROM programmer.

12. 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 10 MHz, the download for each program takes approximately 600 us at the
maximum.

13. While aninstruction in on-chip RAM is being executed, the DMAC can write to the SCO hit in
FCCSthat is used for adownload 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.

14. A programming/erasing program for flash memory used in the conventional F-ZTAT H8S
microcomputer which does not support download of the on-chip program by a SCO transfer
reguest cannot run in this LSI. Be sure to download the on-chip program to execute
programming/erasing of flash memory in thisLSI.

15. Unlike the conventional F-ZTAT H8S microcomputer, no countermeasures are available for a
runaway by WDT during programming/erasing. Prepare countermeasures (e.g. use of the
periodic timer interrupts) for WDT with taking the programming/erasing time into
consideration as required.

16. While writing 1 to the SCO hit and downloading the internal programs, the WDT coutup
operation stops.
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Section 15 Clock Pulse Generator

This LSl has an on-chip clock pulse generator that generates the system clock (¢) and internal
clocks. The clock pulse generator consists of an oscillator circuit and PLL circuit. Figure 15.1
shows ablock diagram of the clock pulse generator.

EXTAL —
. PLL circuit
Oscillator (x2)
XTAL  —
System clock Internal clock
to ¢ pin to peripheral
modules

Figure15.1 Block Diagram of Clock Pulse Generator

The frequency can be multiplied by two by means of the PLL circuit.

151 Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

15.1.1  Connecting Crystal Resonator

A crystal resonator can be connected as shown in the example in figure 15.2. Select the damping
resistance R, according to table 15.1. An AT-cut parallel-resonance type should be used. When a
crystal resonator is used, the range of usable frequenciesisfrom 5to 16.5 MHz and acrysta
resonator with half frequency of the system clock (¢) should be used.

Figure 15.3 shows the equivalent circuit of the crystal resonator. Use a crystal resonator that has
the characteristics shown in table 15.2.
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EXTAL T

=
XTAL _WLl WT
1 R4 Crz

CL1 = C|_2= 10to 22 pF

Figure 15.2 Connection of Crystal Resonator (Example)

Table15.1 Damping Resistance Value

Frequency (MHz) 5 8 12 16.5
R, (@) 425 200 0 0
CL
L Rs
XTAL — EXTAL
|
C AT-cut parallel-resonance type

0

Figure15.3 Crystal Resonator Equivalent Circuit

Table15.2 Crystal Resonator Characteristics

Frequency (MHz) 5 8 12 16.5
R, max () 110 80 60 50
C, max (pF) 7 7 7 7

15.1.2 External Clock Input

An external clock signal can be input as shown in the examplesin figure 15.4. If the XTAL pinis
left open, make sure that parasitic capacitance is no more than 10 pF. When the counter clock is
input to the XTAL pin, make sure that the external clock isheld high in standby mode.

Table 15.3 shows the input conditions for the external clock. When an external clock is used, the
range of usable frequenciesisfrom 5 to 16.5 MHz and an external clock with half frequency of the
system clock (¢) should be used.
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EXTAL J-l_l_l_l_l_ External clock input

XTAL Open

(a) XTAL pin left open

EXTAL ; J_l_n_l_l_ External clock input
XTAL

(b) Counter clock input at XTAL pin

Figure15.4 External Clock Input (Examples)

Table15.3 External Clock Input Conditions

Vee= 3.0Vto 3.6V Test

Item Symbol  Min. Max. Unit Conditions
External clock input to 10 — ns Figure 15.5
low pulse width
External clock input [ 10 — ns
high pulse width
External clock rise time t. — 5 ns
External clock fall time b — 5 ns
Clock low pulse width t 0.4 0.6 tye Figure 18.2
Clock high pulse width ten 0.4 0.6 tee

texw texc

EXTAL

:
e = = = = e

Figure15.5 External Clock Input Timing
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When the specified clock signal isinput to the EXTAL pin, an internal clock signal output is
ensured after the external clock output stabilization delay time (t,.,) is passed. Since the clock
signal output is not ensured during the't,_ . period, the reset signal should be set to low and the
reset state should be retained. Table 15.4 shows the external clock output stabilization delay time
and figure 15.6 shows the timing of the external clock output stabilization delay time.

Table15.4 External Clock Output Stabilization Delay Time

Conditions; Vec=3.0Vt03.6V,Vss=0V

Item Symbol Min. Max. Unit Remark

External clock output | - 500 — us Figure 15.6
stabilization delay time

Note: * t. includes the RES pulse width (t

HESW) N

o
(internal or external)

RES 1B
)
toext*

Note: * tpeyt includes the RES pulse width (tgesw)-

Figure15.6 Timing of External Clock Output Stabilization Delay Time

15.2 PLL Circuit

The PLL circuit has the function of multiplying the frequency of the clock from the oscillator by a
factor of 2. Therefore, a 16.5-MHz clock should be input to realize the internal 33-MHz operation.
The phase of the rising edge of theinternal clock is controlled so as to match that of therising
edge of the EXTAL pin.
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153 Usage Notes

15.3.1 Noteson Resonator

Since various characteristics related to the resonator are closely linked to the user's board design,
thorough evaluation is necessary on the user's part, using the resonator connection examples
shown in this section as a guide. Asthe parameters for the oscillation circuit will depend on the
floating capacitance of the resonator and the user board, the parameters should be determined in
consultation with the resonator manufacturer. The design must ensure that a voltage exceeding the
maximum rating is not applied to the resonator pin.

15.3.2 Noteson Board Design

When using the crystal resonator, place the crystal resonator and its load capacitors as close as
possible to the XTAL and EXTAL pins. Other signal lines should be routed away from the
oscillation circuit to prevent induction from interfering with correct oscillation. See figure 15.7.

Avoid

Signal A Signal B
: : This LSI

CL2
[ : , XTAL

mllm

EXTAL

T
T

|
I 1 1
Cry 1 i

Figure15.7 Note on Board Design for Oscillation Cir cuit

15.3.3  Noteon confirming the operation

This LSI may oscillate itself on some kHz frequency even if acrystal resonator is not connected to
the EXTAL pin or XTAL pin, or the external clock is not input. Therefore, make surethisL Sl is
working on the correct frequency before use.
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Section 16 Power-Down Modes

In addition to the normal program execution state, thisL Sl has power-down modes in which
operation of the CPU and oscillator is halted and power consumption is reduced. L ow-power
operation can be achieved by individually controlling the CPU, on-chip peripheral modules, and
SO on.

This LSI's operating modes are high-speed mode and four power down modes:

Sleep mode

Module stop mode
Software standby mode
Hardware standby mode

Sleep mode is a CPU state and module stop mode is an on-chip peripheral function state. A
combination of these modes can be set.

After areset, thisLSl isin high-speed mode.

Table 16.1 shows the internal states of this LSl in each mode. Figure 16.1 shows the mode
transition diagram.
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Table16.1 Operating Modesand Internal Statesof LS

High-Speed Module Software Hardware
Operating State Mode Sleep Mode Stop Mode Standby Mode Standby Mode
Clock pulse generator Functions Functions Functions Halted Halted
CPU Instruction Functions Halted Functions Halted Halted
execution
Register Retained Retained Undefined
External NMI Functions Functions Functions Functions Halted
interrupts IRQO to IRQ7
Peripheral WDT Functions Functions Functions Halted Halted (Reset)
functions (Retained)
TMR Functions Functions Halted Halted Halted (Reset)
(Retained) (Retained)
DMAC Functions Functions Functions Halted Halted (Reset)
(Retained)
SCI Functions Functions Halted (Reset) Halted (Reset) Halted (Reset)
usB2 Functions Functions Halted Halted Halted (Reset)
(Retained) (Retained)
RAM Functions Functions Functions Retained Retained
1/0 Functions Functions Functions Retained High impedance

Note: Halted (Retained) in the table means that internal register values are retained and internal
operations are suspended.

Halted (Reset) in the table means that internal register values and internal states are
initialized.

In module stop mode, only modules for which a stop setting has been made are halted
(reset or retained).
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STBY pin = low
)

Reset state - Hardware
STBY pin = high standby mode
RES pin = low
RES pin = high
SSBY =0
)
SLEEP
instruction
—_—

High-speed mode Any interrupt
(Internal clock is PLL
circuit output clock) .SLEEP.
instruction

Software

Sleep mode -

External standby mode
interrupt” and
SUSRI

Program execution state Interrupt Program-halted state

=t : Transition after exception handiing  (___) : Power- down mode

Note: * NMI, IRQO to IRQ7

¢ From any state, a transition to hardware standby mode occurs when STBY is driven low.

 From any state except hardware standby mode, a transition to the reset state occurs when RES
is driven low.

Figure16.1 Mode Transitions
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16.1 Register Descriptions

The registers relating to the power-down mode are shown below.

e Standby control register (SBY CR)

e Module stop control registersH and L (MSTPCRH, MSTPCRL)

16.1.1  Standby Control Register (SBYCR)

SBY CR performs software standby mode control.

Initial
Bit Bit Name Value R/W

Description

7 SSBY 0 R/W

Software Standby

This bit specifies the transition mode after executing the
SLEEP instruction

0: Shifts to sleep mode after the SLEEP instruction is
executed

1: Shifts to software standby mode after the SLEEP
instruction is executed

This bit does not change when clearing the software
standby mode by using external interrupts and shifting
to normal operation. This bit should be written to 0
when clearing.

STS2 0 R/W
STS1 0 R/W
4 STSO 0 R/W

Standby Timer Select 2 to 0

These bits select the time the MCU waits for the clock
to stabilize when software standby mode is cleared.
Make a selection according to the operating frequency
so that the standby time is at least oscillation
stabilization time. Table 16.2 shows the relationship
between setting values and number of wait states.

With an external clock, any selection is possible.
Normally the minimum value is recommended.

3to0 — AllO R/W

Reserved
The initial value should not be changed.
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16.1.2 Module Stop Control RegistersH and L (MSTPCRH, MSTPCRL)

MSTPCR performs module stop mode control. Setting a bit to 1, the corresponding module enters
module stop mode, while clearing the bit to O clears the module stop mode.

e MSTPCRH

Bit Name

o]
=

Initial
Value

R/W

Module

o'

R/W

o'

R/W

1*2

R/W

TMRCKSTP

1

R/W

8-bit timer (TMR)

1%

RW

1*2

R/W

1%

R/W

O|=[N|W|HlO|[O| N

1*2

R/W

e MSTPCRL

o]
=

Bit Name

Initial
Value

R/W

Module

SCICKSTP

1

R/W

Serial communication interface (SCI)

1*2

R/W

1%

RW

USBCKSTP

1

R/W

Universal serial bus interface 2 (USB2)

1%

R/W

1*2

R/W

1%

R/W

O|=[N|W|lHl O[O |

1%

R/W

Note: *1 This bit must not set to 1.
*2 These bits must not be cleared to 0.
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16.2 Operation

16.21 Sleep Mode

Transition to Sleep M ode: When the SLEEP instruction is executed while the SSBY bitin
SBYCRis set to 0, the CPU enters the sleep mode. In sleep mode, CPU operation stops but the
contents of the CPU's internal registers are retained. Other peripheral functions do not stop.

Exiting Sleep M ode: Sleep mode is exited by any interrupt, or signals at the RES, or STBY pins.

e EXxiting sleep mode by interrupts
When an interrupt occurs, sleep mode is exited and interrupt exception processing starts. Sleep
mode is not exited if the interrupt is disabled, or interrupts other than NMI are masked by the
CPU.

e Exiting sleep mode by RES pin
Setting the RES pin level low selects the reset state. After the stipulated reset input duration,
driving the RES pin high starts the CPU performing reset exception processing.

e Exiting seep mode by STBY pin
When the STBY pin level isdriven low, atransition is made to hardware standby mode.

16.2.2  Software Standby Mode

Transition to Softwar e Standby Mode: If a SLEEP instruction is executed when the SSBY hit in
SBYCR is set to 1, software standby mode is entered. In this mode, the CPU, on-chip peripheral
functions, and oscillator al stop. However, the contents of the CPU'sinternal registers, RAM data,
and the states of on-chip peripheral functions other than the SCI, and 1/O ports, are retained. In this
mode the oscillator stops, and therefore power consumption is significantly reduced.

Clearing Softwar e Standby Mode: Software standby mode is cleared by an external interrupt
(NMI pin, or pins IRQO to IRQ7), SUSRI interrupt or by means of the RES pin or STBY pin.

o Clearing with an interrupt
When an NMI, IRQO to IRQ7 or SUSRI interrupt request signal isinput, clock oscillation
starts, and after the elapse of the time set in bits STS2 to STS0 in SBY CR, stable clocks are
supplied to the entire L SI, software standby mode is cleared, and interrupt exception handling
is started.
When clearing software standby mode with an IRQO to IRQ7 or SUSRI interrupt, set the
corresponding enable hit to 1 and ensure that no interrupt with a higher priority than interrupts
IRQO to IRQ7 or SUSRI is generated. Software standby mode cannot be cleared if the interrupt
has been masked on the CPU side.
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e Clearing with the RES pin
When the RES pin is driven low, clock oscillation is started. At the same time as clock
oscillation starts, clocks are supplied to the entire LSI. Note that the RES pin must be held low
until clock oscillation stabilizes. When the RES pin goes high, the CPU begins reset exception
handling.

e Clearing with the STBY pin
When the STBY pinisdriven low, atransition is made to hardware standby mode.

Setting Oscillation Stabilization Time after Clearing Softwar e Standby M ode: Bits STS2 to
STS0in SBY CR should be set as described below.

e Using acrystal resonator
Set bits STS2 to STSO so that the standby time is more than the oscillation stabilization time.

Table 16.2 shows the standby times for operating frequencies and settings of bits STS2 to
STSO.

e Using an external clock
A PLL circuit stabilization time is necessary. Refer to table 16.2 to set the standby time.

Table16.2 Operating Frequency and Standby Time

STS2 STS1 STSO Standby Time 10 MHz 20 MHz 33 MHz Unit

0 0 0 8192 states 0.8 0.4 0.2 ms
1 16384 states 1.6 0.8 0.4
1 0 32768 states 3.2 1.6 0.9
1 65536 states 6.5 3.2 1.9
1 0 0 131072 states 13.1 6.5 3.9
1 262144 states 26.2 13.1 7.9

1 0 Reserved — — — —

1 16 states* 1.6 0.8 0.4 us

: Recommended setting time
Note: * This setting must not be used in the flash memory version.

Softwar e Standby Mode Application Example: Figure 16.2 shows an example in which a
transition is made to software standby mode at the falling edge on the NMI pin, and software
standby mode is cleared at the rising edge on the NMI pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in SY SCR cleared to O (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY hit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge on the NMI pin.
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osaitator | | [ | | [|[[]]]] . il
o [HUUHUL | JUUUUL
NMI —* ( +

)
NMIEG
J
SSBY

NMI exception Software standby mode fe——— NMI exception
handling (power-down mode) Oscillation handling
NMIEG=1 stabilization

SSBY=1 time tosca

SLEEP instruction

Figure16.2 Software Standby Mode Application Example

16.2.3 Hardware Standby Mode

Transition to Hardwar e Standby M ode: When the STBY pinisdriven low, atransition is made
to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power consumption. Aslong as the prescribed voltage is supplied, on-chip
RAM dataisretained. I/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SY SCR should be cleared to 0 before
driving the STBY pin low. Do not change the state of the mode pins (MD2, MD1) whilethisLS|
isin hardware standby mode.
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Clearing Hardwar e Standby M ode: Hardware standby mode is cleared by means of the STBY
pin and the RES pin. When the STBY pin is driven high while the RES pin is low, the reset state is
set and clock oscillation is started. Ensure that the RES pin is held low until the clock oscillator
stabilizes (for details on the oscillation stabilization time, refer to table 16.2). When the RES pinis
subsequently driven high, atransition is made to the program execution state via the reset
exception handling state.

Hardwar e Standby M ode Timing: Figure 16.3 shows an example of hardware standby mode
timing. When the STBY pin is driven low after the RES pin has been driven low, atransition is
made to hardware standby mode. Hardware standby mode is cleared by driving the STBY pin

high, waiting for the oscillation stabilization time, then changing the RES pin from low to high.

osaitator | | | [ ||| ]]]]] AT

srev + +

| |
‘ Oscillation ‘ Reset
stabilization exception

time handling

Figure 16.3 Hardware Standby Mode Timing

16.24 Module Stop Mode
Module stop mode can be set for individual on-chip peripheral modules.

When the corresponding bit in MSTPCR is set to 1, modul e operation stops at the end of the bus
cycle and atransition is made to module stop mode. The CPU continues operating independently.

When the corresponding bit is cleared to 0, module stop modeis cleared and the modul e starts
operating at the end of the bus cycle. In module stop mode, the internal states of modules other
than the SCI are retained.

After reset clearance, al modules other than the DMAC are in module stop mode.

The module registers which are set in module stop mode cannot be read or written to.
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16.3 Usage Notes

16.3.1 1/O Port Status

In software standby mode, 1/0 port states are retained. Therefore, there is no reduction in current
consumption for the output current when a high-level signal is output.

16.3.2  Current Consumption during Oscillation Stabilization Standby Period

Current consumption increases during the oscillation stabilization standby period.

16.3.3 On-Chip Peripheral Module Interrupts

Relevant interrupt operations cannot be performed in module stop mode. Consequently, if module
stop mode is entered when an interrupt has been requested, it will not be possible to clear the CPU
interrupt source activation source. Interrupts should therefore be disabled before entering module
stop mode.

16.34 Writingto MSTPCR

MSTPCR should only be written to by the CPU.

Rev. 2.00, 03/04, page 478 of 534
RENESAS



Section 17 List of Registers

This section gives information on the on-chip 1/O register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register addresses (address order)

o Registersare listed from the lower allocation addresses.
o Registersare classified by functional modules.

e Theaccesssizeisindicated.

2. Register bits

e Bit configurations of the registers are described in the same order as the register addresses.

e Reserved bits are indicated by — in the bit name column.

e The bit number in the bit-name column indicates that the whole register is allocated as a
counter or for holding data.

e For theregisters of 16 or 24 bits, the MSB is described first.

3. Register states in each operating mode
o Register states are described in the same order as the register addresses.

e Theregister states described here are for the basic operating modes. If there is a specific reset
for an on-chip peripheral module, refer to the section on that on-chip peripheral module.
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171 Register Addresses (Address Order)

The data bus width indicates the numbers of bits by which the register is accessed.

The number of access states indicates the number of states based on the specified reference clock.

Number Data  Access
Register Name Abbreviation of Bits Address Module Width States
Interrupt flag register 0 IFRO 32 H'FDOO  USB2 32 2
Interrupt select register O ISRO 32 H'FD04 USB2 32 2
Interrupt enable register 0 IERO 32 H'FD08  USB2 32 2
EPOo receive data size register EPSZ0o 32 H'FDOC USB2 32 2
EP1 receive data size register = EPSZ1 32 HFD10 USB2 32 2
EPOi data register EPDROi 32 HFD14  USB2 32 2
EPOo data register EPDROo 32 H'FD18  USB2 32 2
EPOs data register EPDROs 32 HFD1C USB2 32 2
EP1 data register EPDR1 32 H'FD20 USB2 32 2
EP2 data register EPDR2 32 H'FD30 USB2 32 2
EP3 data register 3 EPDR3 32 H'FD40 USB2 32 2
Data status register 0 DASTSO0 32 H'FD44  USB2 32 2
Packet enable register Oi PKTEOi 32 H'FD48  USB2 32 2
Packet enable register 2 PKTE2 32 H'FD4C USB2 32 2
Packet enable register 3 PKTE3 32 H'FD50 USB2 32 2
FIFO clear register 0 FCLRO 32 H'FD54 USB2 32 2
Endpoint stall register 0 EPSTLO 32 H'FD58 USB2 32 2
DMA setting register DMAO 32 H'FD5C USB2 32 2
Control register CTRL 32 H'FD60  USB2 32 2
Standby control register SBYCR 8 HFE14 SYSTEM 8 2
Module stop control register H ~ MSTPCRH 8 HFE16 SYSTEM 8 2
Module stop control register L~ MSTPCRL 8 HFE17 SYSTEM 8 2
System control register SYSCR 8 HFE1C SYSTEM 8 2
Mode control register MDCR 8 HFE1D SYSTEM 8 2
USB suspend status register USBSUSP 8 HFE1E USB2 8 2
Access control register ACSCR 8 HFE20 BSC 16 2
CS assertion period control CSACR 8 H'FE21 BSC 16 2

register
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Number Data  Access
Register Name Abbreviation of Bits Address Module Width States
Wait control register WTCR 16 HFE22 BSC 16 2
Bus control register BCR 16 HFE24 BSC 16 2
Read strobe timing control RDNCR 8 HFE26 BSC 16 2
register
RAM emulation register RAMER 8 H'FE27 FLASH 16 2
DRAM control register DRAMCR 16 HFE28 BSC 16 2
DRAM access control register ~ DRACCR 8 HFE2A BSC 16 2
Refresh control register REFCR 16 HFE2C BSC 16 2
Refresh timer counter RTCNT 8 HFE2E BSC 16 2
Refresh time constant register = RTCOR 8 HFE2F BSC 16 2
Timer control/status register TCSR 8 HFE70 WDT 16 2
Timer counter TCNT 8 H'FE71 WDT 16 2
Flash code control/status FCCS 8 H'FE88  FLASH 8 2
register
Flash program code select FPCS 8 HFE89  FLASH 8 2
register
Flash erase code select register FECS 8 HFESA  FLASH 8 2
Flash key code register FKEY 8 HFE8C FLASH 8 2
Flash MAT select register FMATS 8 H'FESD FLASH 8 2
Flash transfer destination FTDAR 8 H'FESE  FLASH 8 2
address register
DMA source address register_0 DMSAR_O 32 HFEBO DMAC_ 0 16
DMA destination address DMDAR_O 32 HFEB4 DMAC_0 16 2
register_0
DMA transfer count register 0 DMTCR_O 32 HFEB8 DMAC_ 0 16 2
DMA mode control register_0 DMMDR_0 16 HFEBC DMAC_0 16 2
DMA address control register_ 0 DMACR_0 16 HFEBE DMAC_0 16 2
DMA source address register_1 DMSAR_1 32 HFECO DMAC_1 16 2
DMA destination address DMDAR_1 32 HFEC4 DMAC_1 16 2
register_1
DMA transfer count register 1 DMTCR_A1 32 HFEC8 DMAC_1 16 2
DMA mode control register_1 DMMDR_1 16 HFECC DMAC_1 16
DMA address control register 1 DMACR_1 16 HFECE DMAC_1 16

RENESAS
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Number Data  Access

Register Name Abbreviation of Bits Address Module Width States
DMA source address register 2 DMSAR_2 32 HFEDO DMAC 2 16 2
DMA destination address DMDAR_2 32 HFED4 DMAC_2 16 2
register_2

DMA transfer count register 2 DMTCR_2 32 HFED8 DMAC 2 16 2
DMA mode control register_2 DMMDR_2 16 HFEDC DMAC 2 16 2
DMA address control register 2 DMACR_2 16 HFEDE DMAC_2 16 2
DMA source address register 3 DMSAR_3 32 HFEEO DMAC_3 16 2
DMA destination address DMDAR_3 32 HFEE4 DMAC_3 16 2
register_3

DMA transfer count register_3 DMTCR_3 32 H'FEE8 DMAC_3 16 2
DMA mode control register_3 DMMDR_3 16 HFEEC DMAC_3 16 2
DMA address control register_3 DMACR_3 16 H'FEEE DMAC_3 16 2
USB transfer control register USTCR 16 HFEFO DMAC 16 2
IRQ enable register IER 8 H'FF46 INT 8 2
Interrupt control register A ICRA 8 H'FF48 INT 8 2
Interrupt control register B ICRB 8 H'FF49 INT 8 2
Interrupt control register C ICRC 8 HFF4A  INT 8 2
IRQ status register ISR 8 HFF4B  INT 8 2
IRQ sense control register H ISCRH 8 HFF4C  INT 8 2
IRQ sense control register L ISCRL 8 HFF4D  INT 8 2
Address break control register ~ABRKCR 8 H'FF54 INT 8 2
Break address register A PBARA 8 H'FF55 INT 8 2
Break address register B PBARB 8 H'FF56 INT 8 2
Break address register C PBARC 8 H'FF57  INT 8 2
IRQ sense port select register  ISSR 8 HFF5D  PORT 8 2
Port function control register 1  PFCR1 8 H'FF60 PORT 8 2
Port function control register 3  PFCR3 8 H'FF62 PORT 8 2
Port 1 data direction register P1DDR 8 H'FF70 PORT 8 2
Port 2 data direction register P2DDR 8 H'FF71 PORT 8 2
Port 3 data direction register P3DDR 8 H'FF72 PORT 8 2
Port 4 data direction register P4DDR 8 H'FF73 PORT 8 2
Port 5 data direction register P5DDR 8 H'FF74 PORT 8 2
Port 6 data direction register P6DDR 8 H'FF75 PORT 8 2
Port 7 data direction register P7DDR 8 H'FF76 PORT 8 2
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Number Data  Access
Register Name Abbreviation of Bits Address Module Width States
Port 8 data direction register P8DDR 8 H'FF77 PORT 8 2
Port 9 data direction register PODDR 8 H'FF78 PORT 8 2
Port A data direction register PADDR 8 H'FF79 PORT 8 2
Serial mode register SMR 8 HFF88  SCI 8 2
Bit rate register BRR 8 H'FF89  SCI 8 2
Serial control register SCR 8 HFF8A  SCI 8 2
Transmit data register TDR 8 HFF8B  SCI 8 2
Serial status register SSR 8 HFF8C  SCI 8 2
Receive data register RDR 8 HFF8D  SCI 8 2
Port 1 register PORT1 8 HFFCO PORT 8 2
Port 2 register PORT2 8 HFFC1  PORT 8 2
Port 3 register PORT3 8 HFFC2 PORT 8 2
Port 4 register PORT4 8 HFFC3 PORT 8 2
Port 5 register PORT5 8 HFFC4 PORT 8 2
Port 6 register PORT6 8 HFFC5 PORT 8 2
Port 7 register PORT7 8 H'FFC6 PORT 8 2
Port 8 register PORT8 8 HFFC7 PORT 8 2
Port 9 register PORT9 8 HFFC8 PORT 8 2
Port A register PORTA 8 HFFC9 PORT 8 2
Port 1 data register P1DR 8 HFFDO PORT 8 2
Port 2 data register P2DR 8 H'FFD1 PORT 8 2
Port 3 data register P3DR 8 HFFD2 PORT 8 2
Port 4 data register P4DR 8 HFFD3 PORT 8 2
Port 5 data register P5DR 8 HFFD4  PORT 8 2
Port 6 data register P6DR 8 HFFD5 PORT 8 2
Port 7 data register P7DR 8 HFFD6 PORT 8 2
Port 8 data register P8DR 8 HFFD7 PORT 8 2
Port 9 data register PODR 8 HFFD8 PORT 8 2
Port A data register PADR 8 HFFD9 PORT 8 2
Timer control register 0 TCR_O 8 HFFEO TMR_O 16 2
Timer control register 1 TCR_1 8 H'FFE1 TMR_1 16 2
Timer control/status register0 TCSR_0 8 HFFE2 TMR_O 16 2
Timer control/status register 1 TCSR1 8 H'FFE3 TMR_1 16 2

RENESAS
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Number Data  Access
Register Name Abbreviation of Bits Address Module Width States
Time constant register AO TCORA_O 8 HFFE4 TMR_O 16 2
Time constant register A1 TCORA_1 8 H'FFE5  TMR_A1 16 2
Time constant register BO TCORB_0 8 HFFE6 TMR_O 16 2
Time constant register B1 TCORB_1 8 HFFE7 TMR_1 16 2
Timer counter O TCNT_O 8 HFFE8 TMR_O 16 2
Timer counter 1 TCNT1 8 HFFE9 TMR_1 16 2
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17.2

Register Bits

Register bit names of the on-chip peripheral modules are described below.

Each line covers eight bits, and 16-bit and 32-bit registers are shown as 2 or 4 lines, respectively.

Register
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
IFRO — — — — — MODEMN1MODEMNO MODEF USB2
— — — — — — VBUSMN VBUSF
— — — — — — EP3TR EP3TS
BRST EP2TR EP2EMPTY EP1FULL SETUPTSEPOOTS EPOITR EPOITS
ISRO — — — — — — — MODEF
— — — — — — — VBUSF
— — — — — — EP3TR EP3TS
BRST EP2TR EP2EMPTY EP1FULL SETUPTSEPOOTS EPOITR EPOITS
IERO — — — — — — — MODEF
— — — — — — — VBUSF
— — — — — — EP3TR EP3TS
BRST EP2TR EP2EMPTY EP1FULL SETUPTSEPOOTS EPOITR EPOITS
EPSZ0o D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
EPSZ1 D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
EPDROI D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
EPDRO0o D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
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Register
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module

EPDROs D31 D30 D29 D28 D27 D26 D25 D24 usB2
D23 D22 D21 D20 D19 D18 D17 D16

D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
EPDR1 D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
EPDR2 D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
EPDR3 D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
DASTSO — — — — — — — —
— — EP3DE EP2DE — — — EPOIDE
PKTEOi D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
PKTE2 D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
PKTE3 D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
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Register

Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module
FCLRO — — — — — — — — usB2
— EP3CLR EP2CLR EP1CLR — — EPOoCLR EPOICLR
EPSTLO — — — — — — — —
— — — — EP3STL EP2STL EP1STL EPOSTL
DMAO — — — — — — — —
— — — — — — EP2DMAE EP1DMAE
CTRL — — — — — — — —
— — — — — — ASCE  PULLUPE
SBYCR SSBY STS2 STS1  STSO — — — — SYSTEM
MSTPCRH — — — TMRCKSTP — — — —
MSTPCRL  scicksTP — — USBCKSTP — — — —
SYSCR — — INTM1 INTMO XRST NMIEG — RAME
MDCR EXPE — — — — MDS2 MDS1 MDSO0
USBSUSP  USUSMONI USUSFG USUSFGE USUSOUT— — — — USB2
ACSCR ABW3 ABW2 ABW1 ABWO AST3 AST2 AST1 ASTO BSC
CSACR CSXH3 CSXH2 CSXH1 CSXHO CSXT3 CSXT2 CSXT1 CSXTO
WTCR — w32 W31 W30 — w22 w21 w20
— W12 W11 W10 — W02 Wo1 W00
BCR — — — — — — — WDBE
— — — — IDLE1 IDLEO IDLC1 IDLCO
RDNCR RDN3 RDN2 RDN1 RDNO — — — —
RAMER — — — — RAMS RAM2 RAM1 RAMO FLASH
DRAMCR — RAST — CAST — — — DSET BSC
BE RCDM DDS — — MXC2 MXC1 MXCO
DRACCR — — TPC1 TPCO — — RCD1 RCDO
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Register
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module

REFCR CMF CMIE RCW1 RCWO — RTCK2 RTCK1 RTCKO BSC
RFSHE — RLW1 RLWO SLFRF TPCS2 TPCS1 TPCSO

RTCNT Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

RTCOR Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

TCSR OVF WT/AT TME — RST/NM CKS2 CKS1 CKSO WDT

TCNT Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

FCCS FWE — — FLER WEINTE— — SCO FLASH

FPCS — — — PPVD — — — PPVS

FECS — — — — — — — EPVB

FKEY K7 K6 K5 K4 K3 K2 K1 KO

FMATS MS7 MS6 MS5 MS4 MS3 MS2 MS1 MSO

FTDAR TDER TDA6 TDA5 TDA4 TDA3 TDA2 TDA1 TDAO

DMSAR_ 0 — — — — — — — — DMAC_0
Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

DMDAR_0 — — — — — — Bit25 Bit24
Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

DMTCR_O0 — — — — — — — —
Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

DMMDR_O0 DA BEF DRAKE TENDE DREQS AMS MDS1 MDSO0
DIE IRF TCEIE SDIR DTSIZE — LWSIZE —

DMACR_0 SAT1 SATO SARIE SARA4 SARA3 SARA2 SARA1 SARAO
DAT1 DATO DARIE DARA4 DARA3 DARA2 DARA1 DARAO

DMSAR_1 — — — — — — — — DMAC_1
Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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Register
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module

DMDAR_1 — — — — — — — — DMAC_1
Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

DMTCR_1 — — — — — — — —
Bit23 Bit22  Bit21  Bit20  Bit19  Bit18  Bit17  Bit16
Bit15 Biti4 Bit13 Bit12  Biti1 Bit10 Bitd  Bit8
BtV  Bit6  Bit5  Bit4  Bit3 B2  Bitl  Bit0

DMMDR_1 DA BEF DRAKE TENDE DREQS AMS MDS1 MDSO0
DIE IRF TCEIE SDIR DTSIZE — LWSIZE —

DMACR_1 SAT1 SATO SARIE SARA4 SARA3 SARA2 SARA1 SARAO
DAT1 DATO DARIE DARA4 DARA3 DARA2 DARA1 DARAO

DMSAR 2 — — — — — — — — DMAC_2
Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

DMDAR_2 — — — — — — Bit25 Bit24
Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

DMTCR 2 — — — — — — — —
Bit23  Bit22  Bit21  Bit20  Bit19  Bit18  Bit17  Bit16
Bit15 Bit14 Bit13 Biti2 Bit11 Bitl0 Bit9  Bit8
Bit7  Bit6  Bit5  Bit4  Bit3 B2  Bit1 Bit0

DMMDR_2 DA BEF DRAKE TENDE DREQS AMS MDS1 MDSO0
DIE IRF TCEIE SDIR DTSIZE — LWSIZE —

DMACR_2 SAT1 SATO SARIE SARA4 SARA3 SARA2 SARA1 SARAO
DAT1 DATO DARIE DARA4 DARA3 DARA2 DARA1 DARAO

DMSAR_3 — — — — — — — — DMAC_3
Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16
Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
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Register

Abbreviation Bit7  Bit6  Bit5 Bit4 Bit3 Bit2 Bitl Bit0  Module
DMDAR_3 — — — — — — Bit25 Bit24 DMAC_3

Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16

Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
DMTCR_3 — — — — — — — —

Bit23 Bit22 Bit21 Bit20 Bit19 Bit18 Bit17 Bit16

Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
DMMDR_3 DA BEF DRAKE TENDE DREQS AMS MDS1 MDSO0

DIE IRF TCEIE SDIR DTSIZE — LWSIZE —
DMACR_3 SAT1 SATO SARIE SARA4 SARA3 SARA2 SARA1 SARAO

DATAH DATO DARIE DARA4 DARA3 DARA2 DARA1 DARAO
USTCR EP1DMAE URCHS1URCHSO0 — EP2DMAE UWCHS1 UWCHS0 — DMAC
IER IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQOE INT
ICRA ICRA7 ICRA6 ICRA5 ICRA4 ICRA3 ICRA2 ICRA1 ICRAO
ICRB ICRB7 ICRB6 ICRB5 ICRB4 ICRB3 ICRB2 ICRB1 ICRBO
ICRC ICRC7 ICRC6 ICRC5 ICRC4 ICRC3 ICRC2 ICRC1 ICRCO
ISR IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF
ISCRH IRQ7SCB IRQ7SCA IRQ6SCB IRQESCA IRQ5SCB IRQ5SCA IRQ4SCB IRQ4SCA
ISCRL IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQ1SCB IRQ1SCA IRQOSCB IRQOSCA
ABRKCR CMF — — — — — — BIE
PBARA A23 A22 A21 A20 A19 A18 A17 A16
PBARB A15 A14 A13 A12 A1 A10 A9 A8
PBARC A7 A6 A5 A4 A3 A2 A1 —
ISSR ISS7 ISS6 ISS5 1ISS4 ISS3 1ISS2 1ISS1 ISSO PORT
PFCRA1 — CS1E CS2E CS3E CKOE ALOE AMOE AHOE
PFCR3 SUSRIF SUSRIE — — — — — USBSWRST
P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR
P2DDR P27DDR P26DDR P25DDR P24DDR P23DDR P22DDR P21DDR P20DDR
P3DDR P37DDR P36DDR P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR
P4DDR P47DDR P46DDR P45DDR P44DDR P43DDR P42DDR P41DDR P40DDR
P5DDR P57DDR P56DDR P55DDR P54DDR P53DDR P52DDR P51DDR P50DDR
P6DDR P67DDR P66DDR P65DDR P64DDR P63DDR P62DDR P61DDR P60DDR
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Register
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module

P7DDR P77DDR P76DDR P75DDR P74DDR P73DDR P72DDR P71DDR P70DDR PORT
P8DDR P87DDR P86DDR P85DDR P84DDR P83DDR P82DDR P81DDR P80DDR
PODDR P97DDR P96DDR P95DDR P94DDR P93DDR P92DDR P91DDR P90DDR
PADDR — — — — PA3DDRPA2DDR PA1DDR PAODDR

SMR C/A CHR PE O/E STOP — CKS1 CKSO SCI
BRR Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SCR TIE RIE TE RE — TEIE CKE1 CKEO

TDR Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

SSR TDRE RDRF ORER FER PER TEND — —

RDR Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

PORT1 P17 P16 P15 P14 P13 P12 P11 P10 PORT
PORT2 P27 P26 P25 P24 P23 P22 P21 P20

PORT3 P37 P36 P35 P34 P33 P32 P31 P30

PORT4 P47 P46 P45 P44 P43 P42 P41 P40

PORT5 P57 P56 P55 P54 P53 P52 P51 P50

PORT6 P67 P66 P65 P64 P63 P62 P61 P60

PORT7 P77 P76 P75 P74 P73 P72 P71 P70

PORT8 P87 P86 P85 P84 P83 P82 P81 P80

PORT9 P97 P96 P95 P94 P93 P92 P91 P90

PORTA RxDMON — — — PA3 PA2 PA1 PAO

P1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR

P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR

P3DR P37DR P36DR P35DR P34DR P33DR P32DR P31DR P30DR

P4DR P47DR P46DR P45DR P44DR P43DR P42DR P41DR P40DR

P5DR P57DR P56DR P55DR P54DR P53DR P52DR P51DR P50DR

P6DR P67DR P66DR P65DR P64DR P63DR P62DR P61DR P60DR

P7DR P77DR P76DR P75DR P74DR P73DR P72DR P71DR P70DR

P8DR P87DR P86DR P85DR P84DR P83DR P82DR P81DR P80DR

PODR P97DR P96DR P95DR P94DR P93DR P92DR P91DR P90DR

PADR — — — — PA3DR PA2DR PA1DR PAODR

TCR_O CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO TMR_O
TCR_1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO TMR_1
TCSR_0 CMFB CMFA OVF — 0S3 082 081 0Sso TMR_O
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Register

Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TCSR1 CMFB CMFA OVF — 0S3 082 081 0Sso TMR_1
TCORA_O0 Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 TMR_O
TCORA_1  Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 TMR_1
TCORB_0 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 TMR_0
TCORB_1  Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 TMR_1
TCNT_O Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 TMR_0
TCNT1 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 TMR_1
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17.3 Register Statesin Each Operating M ode

Register Power-on Normal Module  Software Hardware
Abbreviation Reset Operation Sleep  Stop Standby Standby Module
IFRO Initialized — — — — Initialized usB2
ISRO Initialized — — — — Initialized

IERO Initialized — — — — Initialized

EPSZ0o Initialized — — — — Initialized

EPSZ1 Initialized — — — — Initialized

EPDROi Initialized — — — — Initialized

EPDROo Initialized — — — — Initialized

EPDROs Initialized — — — — Initialized

EPDR1 Initialized — — — — Initialized

EPDR2 Initialized — — — — Initialized

EPDR3 Initialized — — — — Initialized

DASTSO0 Initialized — — — — Initialized

PKTEOi Initialized — — — — Initialized

PKTE2 Initialized — — — — Initialized

PKTE3 Initialized — — — — Initialized

FCLRO Initialized — — — — Initialized

EPSTLO Initialized — — — — Initialized

DMAO Initialized — — — — Initialized

CTRL Initialized — — — — Initialized

SBYCR Initialized — — — — Initialized SYSTEM
MSTPCRH Initialized — — — — Initialized
MSTPCRL Initialized — — — — Initialized

SYSCR Initialized — — — — Initialized

MDCR Initialized — — — — Initialized
USBSUSP Initialized — — — — Initialized usB2
ACSCR Initialized — — — — Initialized BSC
CSACR Initialized — — — — Initialized

WTCR Initialized — — — — Initialized

BCR Initialized — — — — Initialized

RDNCR Initialized — — — — Initialized

RAMER Initialized — — — — Initialized

RENESAS

Rev. 2.00, 03/04, page 493 of 534



Register Power-on Normal Module Software Hardware
Abbreviation Reset Operation Sleep  Stop Standby Standby Module
DRAMCR Initialized — — — — Initialized BSC
DRACCR Initialized — — — — Initialized

REFCR Initialized — — — — Initialized

RTCNT Initialized — — — — Initialized

RTCOR Initialized — — — — Initialized

TCSR Initialized — — — — Initialized WDT
TCNT Initialized — — — — Initialized

FCCS Initialized — — — — Initialized FLASH
FPCS Initialized — — — — Initialized

FECS Initialized — — — — Initialized

FKEY Initialized — — — — Initialized

FMATS Initialized — — — — Initialized

FTDAR Initialized — — — — Initialized

DMSAR_O Initialized — — — — Initialized DMAC_0
DMDAR_O Initialized — — — — Initialized

DMTCR_0 Initialized — — — — Initialized

DMMDR_O0 Initialized — — — — Initialized

DMACR_0 Initialized — — — — Initialized

DMSAR_1 Initialized — — — — Initialized DMAC_1
DMDAR_1 Initialized — — — — Initialized

DMTCR_1 Initialized — — — — Initialized

DMMDR_1 Initialized — — — — Initialized

DMACR_1 Initialized — — — — Initialized

DMSAR_2 Initialized — — — — Initialized DMAC_2
DMDAR_2 Initialized — — — — Initialized

DMTCR_2 Initialized — — — — Initialized

DMMDR_2 Initialized — — — — Initialized

DMACR_2 Initialized — — — — Initialized

DMSAR_3 Initialized — — — — Initialized DMAC_3
DMDAR_3 Initialized — — — — Initialized

DMTCR_3 Initialized — — — — Initialized

DMMDR_3 Initialized — — — — Initialized

DMACR_3 Initialized — — — — Initialized
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Register Power-on Normal Module Software Hardware

Abbreviation Reset Operation Sleep  Stop Standby Standby Module
USTCR Initialized — — — — Initialized DMAC
IER Initialized — — — — Initialized INT
ICRC Initialized — — — — Initialized

ICRB Initialized — — — — Initialized

ICRA Initialized — — — — Initialized

ISR Initialized — — — — Initialized

ISCRH Initialized — — — — Initialized

ISCRL Initialized — — — — Initialized

ABRKCR Initialized — — — — Initialized

PBARA Initialized — — — — Initialized

PBARB Initialized — — — — Initialized

PBARC Initialized — — — — Initialized

ISSR Initialized — — — — Initialized

PFCR1 Initialized — — — — Initialized PORT
PFCR3 Initialized — — — — Initialized

P1DDR Initialized — — — — Initialized

P2DDR Initialized — — — — Initialized

P3DDR Initialized — — — — Initialized

P4DDR Initialized — — — — Initialized

P5DDR Initialized — — — — Initialized

P6DDR Initialized — — — — Initialized

P7DDR Initialized — — — — Initialized

P8DDR Initialized — — — — Initialized

PODDR Initialized — — — — Initialized

PADDR Initialized — — — — Initialized

SMR Initialized — — — — Initialized SCI
BRR Initialized — — — — Initialized

SCR Initialized — — — — Initialized

TDR Initialized — — Initialized Initialized Initialized

SSR Initialized — — Initialized Initialized Initialized

RDR Initialized — — Initialized Initialized Initialized

PORT1 — — — — — — PORT
PORT2 — — — — — —
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Register Power-on Normal Module Software Hardware

Abbreviation Reset Operation Sleep  Stop Standby Standby Module
PORT3 — — — — — — PORT
PORT4 — — — — — —

PORT5 — — — — — —

PORT6 — — — — — —

PORT7 — — — — — —

PORT8 — — — — — —

PORT9 — — — — — —

PORTA — — — — — —

P1DR Initialized — — — — Initialized

P2DR Initialized — — — — Initialized

P3DR Initialized — — — — Initialized

P4DR Initialized — — — — Initialized

P5DR Initialized — — — — Initialized

P6DR Initialized — — — — Initialized

P7DR Initialized — — — — Initialized

P8DR Initialized — — — — Initialized

PODR Initialized — — — — Initialized

PADR Initialized — — — — Initialized

TCR_O Initialized — — — — Initialized TMR_O
TCR_1 Initialized — — — — Initialized TMR_1
TCSR_0 Initialized — — — — Initialized TMR_O
TCSR_1 Initialized — — — — Initialized TMR_1
TCORA_O0 Initialized — — — — Initialized TMR_O
TCORA_1 Initialized — — — — Initialized TMR_1
TCORB_0 Initialized — — — — Initialized TMR_O0
TCORB_1 Initialized — — — — Initialized TMR_1
TCNT_O Initialized — — — — Initialized TMR_O0
TCNT_1 Initialized — — — — Initialized TMR_1
Note: —is not initialized.
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Section 18 Electrical Characteristics

18.1 Absolute Maximum Ratings
Table 18.1 lists the absolute maximum ratings.

Table18.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage V* -0.3t0 +4.3 \
Input voltage V., -0.3toV,, +0.3 \'%
Program voltage (FWE) V, -0.3t0V,, +0.3 \
Operating temperature T oo Regular specifications: —20 to +75 °C

Wide-range specifications: —40 to +85 °C
Operating temperature T, 0to+75 °C
(Flashmemory

programing/erasure)

Storage temperature T -55to +125 °C

stg

Caution:  Permanent damage to the LSI may result if absolute maximum ratings are exceeded.

Notes: * Do not apply the power supply voltage to the VCL pin. If applied, permanent damage to
the LSI may result. Connect the external capacitor between this pin and GND.
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18.2 DC Characteristics

Table18.2 DC Characteristics (1)

Conditions: V=30V t036V,V_ =0V

Test

Iltem Symbol Min. Typ. Max. Unit Conditions
Schmitt P34*", P35+, VT Ve x02 — — \Y
trigger input  P52*', P53*", VT — V. _x07 V
voltage P56*', P57*', port o0 X 7

7+ PAO*', PA1*'" VT' VT V_x0.05 — — \Y
Input high  STBY, vV, Viex09 — Vee+03  V
voltage MD2, MD1

RES, NMI, FWE Viex09 — V,,+03 V

EXTAL Ve x07 — Vee+03 V

Port 1 to Port 9, 2.2 — Vi+03 V

Port A*?
Input low RES, STBY, \'A -0.3 — Veex01
voltage MD2, MD1, FWE

NMI, EXTAL -0.3 — V,ex02 V

Port 1 to Ports 9, -0.3 — Viex02 V

Port A*?
Output high  All output pins Vo Vi.-05 — — \" I,y = —200 pA

oltage

voltag Vi,-10 — — Vv loy = —1 MA
Output low  All output pins Vo, — — 0.4 \ l,,=1.6 mA
voltage
Input RES [ — — 10.0 pA V, =05to
leakage STBY, NMI, — — 10 VA V- 0.5V
current

MD2, MD1, FWE

Notes: 1. When used as IRQO to IRQ7.
2. When used as other than IRQO to IRQ7.
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Table18.3 DC Characteristics (2)

Conditions: V=30V t036V,V =0V

Test
Item Symbol Min.  Typ. Max. Unit Conditions
Three-state Port 1 to Port 9, [ g | — — 1.0 pA V,=05to
leakage current Port A Ve =05V
(off state)
Input RES C, — — 10 pF V,=0V
capacitance — — 10 pF  f=1MHz
All input pins except — — 10 pF T,=25°C
RES and NMI
Current Normal operation | *° — 50 65 mA f=33 MHz
. 1
consumption* Sleep mode — 38 48 mA f=33 MHz
Standby mode** — 30 90 pA T,<50°C
— — 120 pA 50°C < T,
RAM standby voltage Vioam 3.0 — — \%
Vcc start power supply Vocerant — 0 0.8 \Y *
Ve rising gradient SV, — — 20 ms/V  **

Notes: 1. Current consumption values are for V, min =V_, - 0.2 V and V, max = 0.2 V with all
output pins unloaded.

2. Thevalues are forV,=3.0V,V, min=V_ x0.9,andV, max=0.3 V.
3. I, depends on V . and f as follows:
l,cmax = 6.5 (MA) + 0.49 (mA/(MHz x V)) x V_, x f (normal operation)
l.cmax = 6.5 (mA) + 0.35 (mA/(MHz x V)) x V. x f (sleep mode)
4. These values are measured when the RES pin is low.
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Table18.4 Permissible Output Currents

Conditions: V=30V t036V,V_ =0V

Item Symbol Min. Typ. Max. Unit

Permissible output low Ports 1 and 4 lou — — 1.6 mA
current (per pin)

All output pins — — 2
execept ports 1 and 4

Permissible output low Total of all output pins Xl — — 60 mA
current (total)

Permissible output high All output pins —lon — — 2 mA
current (per pin)

Permissible output high Total of all output pins 21, — — 30 mA
current (total)

Caution: 1. To protect the LSI’s reliability, do not exceed the output current values in table 18.4.

2. To drive the Darlington transistor directly, inset a current-limit resister between the
LSI and the transistor, as shown in figure 18.1.

This LSI

2kQ
Port

Darlington transistor

Figure18.1 Sample of Dalington Transistor Drive Circuit
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18.3 AC Characteristics

RL
C =50 pF: ports 5t0 9, port A
C =30 pF: ports 1to 4
. La RL = 2.4 kQ
LSI output pin [« RH = 12 KQ

Input/output timing
measurement level:
1.5V (Vgc=3.0Vt03.6V)

c __ §RH

V/4 v/

Figure18.2 Output Load Circuit

1831 Clock Timing

Table185 Clock Timing

Conditions: V=30V t036V,V_ =0V, ¢=10MHzto 33 MHz

Item Symbol Min. Max.  Unit Test Conditions
Clock cycle time t,. 30.3 100 ns Figure 18.3
Clock pulse high width te, 10 — ns

Clock pulse low width t 10 — ns

Clock rise time t., — 5 ns

Clock fall time te, — 5 ns

Reset oscillation stabilization  t.g, 10 — ms Figure 18.4

time (crystal)

Software standby oscillation  t, 8 — ms ¢ <30 MHz Figure 18.5
stabilization time (crystal) 39 — ms ¢ >30 MHz

External clock output delay t
stabilization time

500 — us Figure 18.4

DEXT
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Input/output timing
measurement level :
Low level : 0.8V
High level : 1.5V

Figure18.3 System Clock Timing

S A aYAVATAYAYATAYAEEREAVANANE

ToexT toexT

P [——————
(@ (@ A
V l D) Ll D))
cC
£ [
STBY )l K ’
t t
L osCt le—0SC1
" | § 5
ES \ \ /
S g g

' I\ S\

Figure18.4 Oscillation Stabilization Timing (1)

osctaor | | [ [|][]]] : AT
o UL ” UL
NMI —l . ]

NMIEG |
SSBY |

I »l
|- it

NMI exception Software standby mode

handling (power-down mode)
NMIEG = 1 Oscillation

SSBY = 1 stabilization time
toscz

NMI exception handling

SLEEP
instruction

Figure18.5 Oscillation Stabilization Timing (2)
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18.3.2 Control Signal Timing

Table18.6 Control Signal Timing

Conditions: V=30V t036V,V =0V, ¢=10MHzto 33 MHz

Iltem Symbol Min. Max. Unit Test Conditions
RES setup time tees 200 — ns Figure 18.6
RES pulse width teow 20 — t,

NMI setup time towns 150 — ns Figure 18.7

NMI hold time b 10 —

NMI pulse width (in recovery from  t,., 200 —

software standby mode)

IRQ setup time tros 150 — ns

IRQ hold time o 10 —

IRQ pulse width (in recovery from  t_., 200 —

software standby mode)

e U an U an Ul an W anV
tress tress
RES
5
tresw
Figure18.6 Reset Input Timing
’ AR A A AR
tNMIE tNMIIi
NMI
tnmiw
~ traw |
RQI
(i=0t07)
tiras |tiraH
RQ
(edge input)
tiras
RQ
(level input)

Figure18.7 Interrupt Input Timing
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18.3.3 BusTiming
Table18.7 BusTiming (1)
Conditions: V=30V t036V,V =0V, ¢=10MHzto 33 MHz

Test
Item Symbol Min. Max. Unit Conditions
Address delay time to — 20 ns Figures 18.8 to
Address setup time 1 sy 05xt,-13 — ns 18.17
Address setup time 2 tes 1.0xt, —-13 — ns
Address setup time 3 e 1.5xt, -13 — ns
Address setup time 4 [ 20xt, -13 — ns
Address hold time 1 [ 05xt, -8 — ns
Address hold time 2 Y 1.0xt, -8 — ns
Address hold time 3 tas 1.5xt, -8 — ns
CS delay time 1 tecon — 15 ns
CS delay time 2 tocos — 15 ns
CS delay time 3 toeos — 20 ns
AS delay time teo — 15 ns
RD delay time 1 toon — 15 ns
RD delay time 2 teo, — 15 ns
Read data setup time 1 trost 15 — ns
Read data setup time 2 tos 15 — ns
Read data hold time 1 | S 0 — ns
Read data hold time 2 o 0 — ns
Read data access time 1 [ — 1.0xt,-25 ns
Read data access time 2 o — 1.5xt,-25 ns
Read data access time 3 tacs — 20xt,-25 ns
Read data access time 4 s — 25xt,-25 ns
Read data access time 5 [ — 1.0xt, -25 ns
Read data access time 6 s — 20xt, -25 ns
Read data access time 7 ter — 40xt, -25 ns
Read data access time 8 tacs — 30xt, —-25 ns
Address read data access time 2 t,,, — 1.5xt,-25 ns
Address read data access time 3 t,,, — 20xt, -25 ns
Address read data access time 4 t,,, — 25xt,-25 ns
Address read data access time 5 t,,, — 30xt,-25 ns
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Table18.8 BusTiming (2)

Conditions: V=30V t036V,V =0V, $=10MHzto 33 MHz

Test
Iltem Symbol  Min. Max. Unit Conditions
WR delay time 1 tros — 15 ns Figures 18.8 to
WR delay time 2 tre — 15 ns 18.19
WR pulse width 1 tsun 1.0xt, —-13 — ns
WR pulse width 2 tswe 15xt, —-13 — ns
Write data delay time twon — 20 ns
Write data setup time 1 [ 05xt,-13 — ns
Write data setup time 2 tyose 1.0xt, -13 — ns
Write data setup time 3 twoss 15xt, -13 — ns
Write data hold time 1 ton 05xt, -8 — ns
Write data hold time 2 tore 1.0xt, -8 — ns
Write data hold time 3 twons 1.5xt, -8 — ns
Write command setup time 1 st 05xt,-10 — ns
Write command setup time 2 tycss 1.0xt, -10 — ns
Write command hold time 1 twom 05xt,-10 — ns
Write command hold time 2 twcne 1.0xt, —-10 — ns
Read command setup time 1 trcsr 1.5xt, -10 — ns
Read command setup time 2 trcse 20xt, -10 — ns
Read command hold time toen 05xt,-10 — ns
CAS delay time 1 tonsor — 15 ns
CAS delay time 2 L — 15 ns
CAS setup time 1 Yo 05xt,-10 — ns
CAS setup time 2 tone 1.5xt, 10 — ns
CAS pulse width 1 S 1.0xt,-20 — ns
CAS pulse width 2 toaswe 1.5xt, -20 — ns
CAS precharge time 1 topun 1.0xt,-20 — ns
CAS precharge time 2 topwa 1.5xt, -20 — ns
OE delay time 1 (. — 15 ns
OE delay time 2 tocos — 15 ns
Precharge time 1 oo 1.0xt, -20 — ns
Precharge time 2 oo 1.5xt,-20 — ns
Self-refresh precharge time 1 toes: 1.5xt, -20 — ns
Self-refresh precharge time 2 t_, 20xt, -20 — ns
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T | T2
0 _ \_/J{_\_“ \
tap
A23 to A \( X
tcspi
CS310CS0 \( X
tast tar
<% ftasp tasp | [¢T™
AS \ g
t
il trRsD1 trsD1
> - !
RD \;
N “tacs. |tRDs1[tRDH
(RDNn =1) - e
tan2 ot B
D15 to DO
L t |
ésl »| tRsp1 | | Ltmspe
RD \ J{
Read - =R .
(RDNn = 0) < ” AC2 =:RDS=2:REH2
3
D15 to DO \_
L t :
<1 twrpe twroz| |l
HWR, LWR \ /
Write tWDB j o > iWDH1
D15 to DO
t t
> DACD1 > DACD2
DACKO to DACK3

Figure 18.8 Basic Bus Timing: Two-State Access
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¢
A23 to A0
CS3to CSO
AS
RD
Read
(RDNn = 1)
D15 to DO
RD
Read
(RDNn =0)
D15 to DO
HWR, LWR
Write
D15 to DO

DACKO to DACK3

T T2 | T3
taD
> e
tcsp1
t i
:As: - LASD tASD‘ fAH1 >
R ]
< tred t
> F RSD1
- >t t
. tace | rosi| aoms
tana —
tast| ‘
- - V<RSD1 »ll RSD2
- B taca :iRDsg‘ tRDH2
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t t
< = ™ twrpz| (At
"~ twrpH 7—
twost |\
t - -1 t
WDD | twswe ‘WDH1
tpAcD1 tbacD2
> >

Figure18.9 Basic BusTiming: Three-State Access
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Read
(RDNn = 1)

Read
(RDNn =0)

Write

DACKO to

A23 to AO

CS31t0 CSO

D15 to DO

i
w]

D15 to DO

I
=
&
—
o

D15 to DO

DACK3

Th | T | T2 Tt
tap
>t
tcspy
>l
« it TAH1
-t > ASH tASD -t -
“* tasp -t
- tass > tana
- —™ trsp1 tRspy | [ >
-« |
tacs =RDS=1 <R=DH1
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tace tros2| tRoH2
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< ASS —» twro2 twrp2| e AH3 >
Lagl bl Ll el
twop | [T twpse twsw1 twoHs _
hl L
t t
N DACD1 N DACD2

Figure 18.10 Basic Bus Timing: Two-State Access (CS Assertion Period Extended)
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Read
(RDNn = 1)

Read
(RDNn = 0)

Write

A23 to A0

CS31to CSO

D15 to DO

DACKO to DACK3

Th | T T2 | T3 Tt
| tap
tesps
| p 1AST tasp| e AHY
> . tASD > -t
< tasa —» tRsp1 tRsD1| |w tag >
N tacs v ;RD§1:'[RPH1
tass F t
- —t»| tRsi1 trsp2 | |a—AH2 1,
taca t:RDS=|2:tR=DH2
t t
-« AS4 — twrDz2| |« AH3 >
twRp1 h
X _ twosa [ J
woD | twswz P twpHs
! t
N DACD1 N DACD2

Figure18.11 Basic Bus Timing: Three-State Access (CS Assertion Period Extended)

Rev. 2.00, 03/04, page 509 of 534

RENESAS




Read

Write

DACKO to DACK3

Note: DACK timing: when DDS = 0

A23 to A0

D15 to DO

|
w]

I
:
sy

D15 to DO

7

RAS timing: when RAST =0

Tp | Tr Tl Tc2
< »le >l > >
tap tap
- >
tass taH1 > :tCSD3
/ m\ tcspz
- > t T
T As2 | AH2
PCH2 h > »| e tcAsDT
tcast [
toaswi
toep1| [ taci toep1
- - ‘P%
tans
- t t
< »|tRDs2| tRDH2
taca <>l
twest ftwer
twrop| fe—we——»{ twrD2
> N Ra
!
twop dwost | fwoHz -
t t
N DACD1 - DACD2

Figure18.12 DRAM Access Timing: Two-State Access
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Tp Tr Tcl ‘| Tc2 Tcl ‘| Tc2 ‘|

A23 to AO X X X A
RAS / \ [

tepwi

oxs \ ‘_J
[CAS \ A

A
m
3
O
—

|

Read

T
=
T

tacs

D15 to DO ( ) >_

trRcH
Write | HWR \ ] 1 /
tRest
[
| D15t0 DO { — —
AS
! t
»l pACD1 | DACD2

DACKO to DACK3 /

Note: DACK timing: when DDS = 0
RAS timing: when RAST =0

Figure18.13 DRAM Access Timing: Two-State Burst Access
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Read

Write
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Note: DACK timing: when DDS = 0
RAS timing: when RAST =0

Figure18.14 DRAM Access Timing: Three-State Access (RAST = 1)
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Tp Tr Tel | Te2 Tc3 | Tei Tc2 | Te3 |

0 4 \_}'_\_/_\_}'_\_/_\J_\_}r
A23toro X X X X
RAS _/ \ [

topwe

Read | HWR
tacs
1\ >
_D1 5to DO S,
OE, RD

trRoH

Write | HWR \ /

tres2

‘9
[6)]
o
o
(w)
o

o —

DACKO to DACK3 \ [\

Note:  DACK timing: when DDS = 1
RAS timing: when RAST = 1

Figure18.15 DRAM Access Timing: Three-State Burst Access
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Figure18.16 CAS-Before-RAS Refresh Timing
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Figure18.17 CAS-Before-RAS Refresh Timing (with Wait Cycle I nsertion)
Self-refresh DRAM access
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Figure18.18 Self-Refresh Timing (Return from Softwar e Standby Mode: RAST = 0)
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Self-refresh DRAM access

| TRp TRr | TRe | TRc | Tpsr Tp | Tr
o J_\_; ’J_\ \ J’ o\ J{ A
tespe
N tcsp2 .

RAS / /. trpst o

. - >

CASDT tcaspr

> s

UCAS, LCAS i T

OE

Figure18.19 Self-Refresh Timing (Return from Softwar e Standby Mode: RAST = 1)

18.34 DMAC Timing

Table189 DMAC Timing

Conditions: V=30V t036V,V_=0V, ¢=10MHzto 33 MHz

Item Symbol Min. Max. Unit  Test Conditions
DREQ setup time toras 25 — ns Figure 18.23

DREQ hold time toron 10 —

TEND delay time te, — 18 ns Figure 18.22

DACK delay time 1 toncor — 18 Figures 18.20 and 18.21
DACK delay time 2 tscos — 18
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T1 T2

A23 to A0 X

CS31t0 CS0O X

AS

RD
(read)

N/
_\

D15 to DO C
(i
_(

(read)

HWR, LWR
(write)

D15 to DO
(write)

T YN0 ¢

toacp1 toacpz

— —
DACKO to DACK3 ]g

T}

Figure18.20 DMAC Single Address Transfer Timing: Two-State Access
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T T2 T3
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RD ——\
(read)

D15 to DO
(read)

Ril

HWR, LWR \
(write)

—
)
o) — y—

tpaco1 toacpz

—» —]
DACKO to DACK3 1 1{-

Figure18.21 DMAC Single Address Transfer Timing: Three-State Access
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Figure18.22 DMAC, TEND Output Timing
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; [\

[\

toras | tbraH

Figure18.23 DMAC, DREQ Input Timing

18.3.5 Timing of On-Chip Peripheral Modules

Table 18.10 Timing of On-Chip Peripheral Modules

Conditions: V=30V t036V,V_ =0V, ¢=10MHzto 33 MHz

Item Symbol Min. Max. Unit  Test Conditions
I/0 ports  Output data delay time towo — 40 ns Figure 18.24
Input data setup time tors 25 — ns
Input data hold time [ 25 — ns
8-bit timer Timer output delay time tvoo — 40 ns Figure 18.25
Timer reset input setup time  t,,.¢ 25 — ns Figure 18.27
Timer clock input setup time  t,, 25 — ns Figure 18.26
Timer clock Single-edge trcws 1.5 — oo
pulse width specification
Both-edge S 25 — -
specification
uSB2 Data output delay time oo — 18 ns Figure 18.28
USWDVLD output delay time t — 18
Control output delay time toco — 18
Data input setup time tos 12 —
Data input hold time toon 2 —
USWDVLD input setup time t . 12 —
USWDVLD input hold time  t_,, 2 —
Control input setup time tues 12 —
Control input hold time t 2 —

UDCH
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T T2
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; Il el

tprs | tPRH

Ports 1 t0 9,
ports A

(read) tpwp
Ports 1 to 9,

ports A
(write)

Figure18.24 1/0O Port Input/Output Timing
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Figure18.25 8-Bit Timer Output Timing

[

¢ S

'ﬂcs tl\/ICS
«
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Figure 18.26 8-Bit Timer Clock Input Timing

trvMRs

TMRIO, TMRI1

Figure 18.27 8-Bit Timer Reset Input Timing
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USCLK _/_\_}

|

tubo

Data output
(USD15 to USDO0)

8|

tuwo

USWDVLD output

Control output

tuco

(USXCVRS, USSER,
USTXYV, USSUSP,

USOPM1, USOPMO)

tups |tubH

Data input
(USD15 to USDO0)

USWDVLD input

Control input

tucs |tucH

(USRXACT, USRXYV,
USRXERR, USTXRDY,
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USLSTA1, USLSTAO)

Figure 18.28
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184  Flash Memory Characteristics

184.1 Flash Memory Characteristics

Table 18.11 Flash Memory Characteristics

Conditions: V=30V t036V,V_ =0V

Test

Item Symbol Min. Typ. Max. Unit Conditions
Programming time*"*2+* t, — 3 30 ms/128 bytes
Erase time*"*>** t. — 80 800 ms/4 kbytes

— 500 5000 ms/32 kbytes

— 1000 10000 ms/64 kbytes
Rewrite times (total)*"**** % — 5 15 s/256 kbytes Ta =25°C
Erase time (total)*"+*** T — 5 15 s/256 kbytes Ta =25°C
Programming and erase time X, — 10 30 s/256 kbytes Ta =25°C
(totaly*"*2**
Count of rewriting Nyec 100*° —  — Times
Data hold time** t 10 — — Year

DRP

Notes: 1. The programming and erase time depends on the data.
2. The programming and erase time does not include the data transfer time.

3. The minimum times that all characteristics after rewriting are guaranteed. (A range
between 1 and minimum value is guaranteed.)

4. Data hold characteristics when rewriting is performed within the range of specifications

including minimum value.

RENESAS
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18,5 UseNote (Internal Voltage Step Down)

The H85/2170 F-ZTAT have a voltage step down circuit that automatically lowers the power
supply voltage, inside the microcomputer, to an adequate level. A capacitor (one 0.1-uF capacitor)
should be connected between the VCL pin (apin for internal voltage step down circuit) and VSS
pin to stabilize the internal voltage. Figure 18.29 shows how to connect the capacitor. Do not
connect the V. power-supply to the VCL pin. Doing so could permanently damage the LS.
(Connect the V. power-supply to the V. pin, in the usual way.)

An external capacitor to
stabilize the internal voltage

VCL
One 0.1-uF capacitor

VSS

VDo not connect the Vcc power-supply to the VCL pin.

If connected, the LSI may be permanently damaged.

Connect the VCC power-Supply to the other Vcc pin in the usual way.
Use a multilayer ceramic capacitor (one 0.1-uF capacitor) for this circuit,
and place it/them near the VCL pin.

Figure18.29 VCL Capacitor Connection Method
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Appendix

A. Port Statesin Each Processing State
Program
Port Name MCU Operating Hardware Software Standby Execution State
Pin Name Mode Reset Standby Mode Mode Sleep Mode
Port 1 2 T T Keep I/O port
Port 2 2 T T Keep 1/0 port
Port 3 2 T T Keep I/O port
Port 4 2 T T Keep 1/0 port
Port 5 2 T T Keep 1/O port
Port 6 2 L T Keep [Address output]
A151to A8
Port 7 2 L T Keep [Address output]
A7 to A0
Port 8 2 T Keep I/O port
P97/¢ 2 Clock output T [Clock output] [Clock output]
H Clock output
[Other than above] [Other than above]
Keep Input port
P96/AS 2 H T Keep [AS output]
AS
[Other than above]
1/O port
P95/RD 2 H RD, HWR
P94/HWR 2 H RD, HWR
P93/LWR 2 [LWR output] [LWR output]
H LWR

[Other than above]

Keep

[Other than above]
1/0 port

RENESAS
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Program

Port Name MCU Operating Hardware Software Standby Execution State
Pin Name Mode Reset Standby Mode Mode Sleep Mode
P92/CS2 2 H T [CS output] [CS output]
H Ccs
[Other than above] [Other than above]
Keep 1/0 port
P91/CST 2 H T [CS output] [CS output]
H Ccs
[Other than above] [Other than above]
Keep 1/0 port
P90/CS0O 2 H T [CS output] [CS output]
H Ccs
[Other than above] [Other than above]
Keep 1/0 port
PA3/A19/CS3 2 T T Keep [Address output]
A19
[CS output]
Ccs
[Other than above]
1/0 port
PA2/A18/ 2 T T Keep [UCAS and
UCAS address output]
UCAS, A18
[Other than above]
1/0 port
PA1/A17/ 2 T T Keep [LCAS and
LCAS address output]
LCAS, A17

[Other than above]
1/0 port
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Program

Port Name MCU Operating Hardware Software Standby Execution State
Pin Name Mode Reset Standby Mode Mode Sleep Mode
PAO/A16 2 T T Keep [Address output]
A16
[Other than above]
1/0 port
[Legend]
L: Low level
H: High level
Keep: Input port becomes high-impedance, output port retains state
T: High impedance

DDR: Data direction register
OPE: Output port enable

B. Product Lineup

Product Classification  Type Name Model Marking Package (Code)

H8S/2170  F-ZTAT HD64F2170 HD64F2170 100-pin TQFP (TFP-100B)
version
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C. Package Dimensions

16.0 £ 0.2

114

1.20 Max

*Dimension including the plating thickness
Base material dimension

*0.17 + 0.05
0.15+0.04

—

o

o

H

o

o Package Code TFP-100B
JEDEC —
JEITA Conforms
Mass (reference value) 059

FigureC.1 Package Dimensions (TFP-100B)
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Main Revisions and Additions in this Edition

Item Page Revisions (See Manual for Details)

Section 4 Exception 58 Description added

Handling (1), (3) Reset exception handling vector address
4.3.1 Reset Exception ((1) = H'000000, (3) = H'000002)

Handling

Figure 4.1 Reset

Sequence

Section 10 Watchdog 285 Bits2 to 0 amended

Timer (WDT) 101: ¢/8192 (frequency: 63.5 ms)

10.2.2 Timer Control/

Status Register (TCSR)

Section 12 Universal 319 Description added

Serial Bus 2 (USB2) e Supports the USB version 2.0

12.1 Features «  Supports four endpoints; EPO, EP1, EP2, and EP3
12.3.16 FIFO Clear 334 Description added

Register 0 (FCLRO)

EP2 having a dual-FIFO configuration is cleared by entire
FIFOs. Similarly, as for EP1 FIFO with a dual-FIFO
configuration, the only side currently selected is cleared.

12.3.18 DMA Set Register 336

0 (DMAO)

Description added

That is, when there is no valid data in the FIFO even with one
side, the transfer is requested to the DMAC.

12.5.1 USB Cable
Connection

Figure 12.2 USB Cable
Connection

341

Description added

P

|4/

| D+ pull-up on

v

Receive bus reset
BRST in IFRO = 1

é;::::::i:::::::::;?

—
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Item Page Revisions (See Manual for Details)

12.5.3 Control Transfer 345 Description added

Figure 12.6 Data Stage =

Operation (Control-In) /ﬁ\—/

Write data to EPOIi data
register (EPDROI)

l

Write number of transmit
data bytes to packet enable
register Oi (PKTEOi)
every packet.

12.5.3 Control Transfer 348 Description added

Figure 12.9 Status Stage /M

Operation (Control-Out)

Clear interrupt flag
(EPOi TR in IFRO = 0)

\
EPOI transfer request interrupt
prohibited (EPOi TR in IERO = 0)

A
Write 0 to packet enable register Oi
(PKTEOQI)

J———

12.5.5 EP2 Bulk-In 352 Description amended
Transfer (Dual FIFO)

Figure 12.11 EP2 Bulk-In
Transfer Operation

12.8.11 EPDROs Read 366 Description deleted

EPDROs must be read in 8-byte units. If read is suspended,
data received in the next setup cannot be read normally.
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Item Page

Revisions (See Manual for Details)

12.8.14 Example of 367
External Circuit

Figure 12.18 Connection
Example of External
Circuit

Figure 12.18 amended

TT T External physical layer LS in
This LSI E 3 3 3 the UTMI specification
USXCVRS XevrSelect
USTSEL TermSelect
USCLK CLK
USRXACT RXActive
USRXV RXValid (RXValidH)
USRXERR RXError
usTXV TXValid (TXValidH)
USTXRDY TXReady
USD15 to USDO Datas to Data0
——]usveus  uswovLD ValidH
USSUSP SuspendM
USLSTA1, USLSTAO LineState [1:0]
USOPM1 OpMode [1] op
USOPMO OpMode [0] oM
Reset signal RES E 33 RST (assert H)

Power-supply voltage can be applied (5V)
to this IC even when the system (LSI)

power is off.

Figure 12.20 Bus Reset =~ 369
Detection Flow

12.8.18 USB Interrupt
During Software Standby

Description added

Description added

Section 14 Flash 462
Memory (0.18-um F-ZTAT
Version)

14.10 Usage Notes

Description added

16. While writing 1 to the SCO bit and downloading the internal
programs, the WDT coutup operation stops.

Section 15 Clock Pulse 467
Generator

15.3.3 Note on confirming
the operation

Description added

Section 18 Electrical 497
Characteristics

18.1 Absolute Maximum
Ratings

Table 18.1 Absolute
Maximum Ratings

Description amended

Iltem Symbol Value Unit
Operating T Regular specifications: °C
temperature -20to +75

Wide-range specifications: °C

—40 to +85
Operating 1] 0to +75 °C
temperature
(Flashmemory

programing/erasure)

18.5 Use Note (Internal 522
Voltage Step Down)

Description amended

A capacitor (one 0.1-uF capacitor) should be connected
between the VCL pin (a pin for internal voltage step down
circuit) and VSS pin to stabilize the internal voltage.
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Item Page Revisions (See Manual for Details)

Figure 18.29 VCL 522 Figure 18.29 amended
Capacitor Connection ]
Method An external capacitor to

stabilize the internal voltage

VCL
One 0.1-pF capacitor

VSS

VDo not connect the Vcc power-supply to the VCL pin.

If connected, the LSI may be permanently damaged.

Connect the VCC power-Supply to the other Vce pin in the usual way.
Use a multilayer ceramic capacitor (one 0.1-uF capacitor) for this circuit,
and place it/them near the VCL pin.
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8-Bit Timer (TMR) ....oovvvvevireerene 263
16-Bit Counter Mode.........ccccceveeieennne 274
Cascaded Connection...........cccceeeeeene 274
Compare Match Count Mode.............. 275
Pulse OULPUL .....ccoeeeveeerecereceeie s 270
TCNT Incrementation Timing............ 271
Toggle OULPUL........cceeeeeeeeeeeieee e, 279

AdAressMap.......ccccovveveeirececerece e, 53

Address Space.......cooevererieeiieieenienie 16, 20

Addressing Mode.........cccoeererieeieenenien 40
Absolute Address........ccooveveevenenennnnns 41
IMmediate........ccoouveevinerrirereseee 42
Memory INdirect........cooveveeveeeceerienennn, 42
Program-Counter Relative.................... 42
Register DireCt........cccoeevererieeieeiieneenn. 41
Register INdirect ........ccccoeeeeeeveieienenn, 41
Register Indirect with Displacement..... 41
Register Indirect with
Post-Increment............cccoeveeierieneennn, 41

Register indirect with pre-decrement.... 41

BCC.uuiiiiii et 29, 37
Boot Mode........ccoeveevieveee e, 401
Bulk-In Transfer ......ccooceveevvececieceeiens 351
Bulk-Out Transfer.......cccooeveeeeeieeneennens 349
Bus Arbitration........ccccceeeveeeveereeneneneennn, 151
Bus Controller (BSC) .....ccoevveverrereneenenns 83
BasiC TiMING.....ccooivveeereeeeeerieie s 110
Chip Select Signals.......ccoceveevenenenene 108
Data Size and Data Alignment............ 109
Extension of Chip Select (CS)
Assertion Period.........cccvevveveeieeiennn, 121
Read Strobe (RD) Timing........ccccee.. 120
Valid Strobes........cccovvvvveccecicceen, 110
Wait Control ........ccccoeeveeveecececieen, 119

I ndex

Clock Pulse Generator ..........cccoeeeveevennen, 463
Communications Protocol....................... 437
Condition Field ........ocoeeveeiiiieceecieecies 39
Condition-Code Register (CCR)............... 24
Control Transfer.......ovvvveeeeeeceeirecreenn, 343
CPU Operating Modes........ccccecevvrernnnnns 16

Advanced Mode.........cccovevenreeireecnenen. 18

Normal Mode........cccceeeviveeeieecieecreenne, 16
Crystal Resonator ..........c.cceeeeeeeceeneenennienn 463
Datadirection register.........cceoeverenerene 219
Dataregister......ccooereererieireneesesieee 219
DMA Controller (DMAC) .....cccccvvvrnrnnne 153

Channel Priofity ....cccoovevvvvnnercecienens 186

Dual AddressMode........c.cccvveverveennen. 189

Interrupt SOUrCES......cooveeeereeeeieeiens 213

Repeat Area Function ...........ccccceeuee. 179

Single Address Mode.........c.ccceeennenene 196

Transfer Modes........cooevevceeveeeveeennne, 171
DMA Transfer Specifications................. 358
DRAM Interface ......ccoovevveveveerereeereeenens 122
Effective AdAress.........ccooveevvevecreennens 40, 44
effective address extension ...........cccecuuee. 39
Effective Address Extension..................... 39
Error Protection.......c.ccocveveveeceecveeceeeene 429
Exception Handling .......cccceeeevevvevecciennnnen, 55
Exception Handling Vector Table............. 56
Extended Control Register (EXR) ............ 23
Flash MAT Configuration..........cc.ccceeuene 377
General REGISENS....ccovcvvveieecececeece s 22
Hardware Protection .............cccveeeevvenens 428
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Hardware Standby Mode...........ccccoeueeee. 476

[dle CyCle ... 142
INSErUCtioN Set.....coovveeveecere e 29
Arithmetic Operations Instructions....... 32
Bit Manipulation Instructions............... 35
Block Data Transfer Instruction ........... 39
Branch INStructions...........cccceeeeveencnens 37
Data Transfer Instructions.................... 31
Logic Operations Instructions............... 34
Shift Instructions .........ccccoevvvveccnennn 34
System Control Instruction................... 38
Interrupt Control Modes.........ccccovvrereenee. 72
Interrupt Controller..........ccoceeeveieneiene. 63
Interrupt Exception Handling ................... 59
Interrupt Exception Handling
SEOUENCE.....ceeereeeieeeseeeneeeee e ereeseeesreeneeens 78
Interrupt Exception Handling
Vector Table......oooeviiinieeece, 70
Interrupt Mask Bit .......cccoeveieninenciee, 24
Interrupt Request Mask Level .................. 23
Interrupt-In Transfer......oocvevevveveveiennns 353
Interrupts
CMIA ..o 275
CMIB....coiiteste e 275
ERIO.....ccoiieieiseee e 314
IRQ7 to IRQO Interrupts........ccccceeveennen. 69
NMIINETUPE ..o 69
OV it 275
RXI0 e 314
TEIO it 314
TXIO et 314
WOV i 288
Interval Timer Mode.........cccoovevveniennn 287
List of REQISLENS....ocvveeeeeeeeeeererere s 479
Register Addresses.........ccoevevevereeneenn 480
Register BitS......cccocvveeeeveveieieseeie 485
Register Statesin Each Operating
MOdE......oiiieiereeee e 493
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Mode CoMPariSon.........ccoeveeeereeereennneens 376
Module Stop Mode.......cccceveveeeeeeiiiniene 477
On-Board Programming...........cc.ceeeeveneee. 401
on-board programming mode.................. 373
Operating ModEs.........ccoeeeveeeveererenieniens 49
Operation Field........cccooeevvceeveeceiene 39
OVENflOW ..o, 286
PLL CirCUit....ccoveeveereiseseeeseseeseees 466
POIt register......covvieieeeeeeeeeeeee e 219
Power-Down Modes........cccceveeeceenenens 469
Procedure Program ..........cccceeeveeeevennnnnns 418
Processing of USB Standard Requests

and Class/Vendor Requests.............c....... 354
Program Counter (PC) ........ccooeveerieeieneenn. 23
Programmer Mode.........ccccooerereenieeienens 434

Programming/Erasing I nterface Parameter
Download pass/fail result parameter ... 393

Flash erase block select parameter...... 398
Flash multipurpose address area
PArAMELEY ......ooeiieierieeieee e 396
Flash multipurpose data destination
ParaMELer ........ccoevverieree e 396
Flash pass/fail parameter..................... 399
Flash programming/erasing frequency
ParaMELEr ....cccvviiieeii e 394
Programming/Erasing Interface
REGISLEN ..o 382
Protection...........cocoevinccciiciiin 428
RAM ..ot 371
Register Field........ccovvvvivvieveeecerere, 39
Registers
ABRKCR......cceovririnnne 65, 482, 490, 495
ACSCR....ccovvevriieenns 87, 480, 487, 493
2101 = S 92, 481, 487, 493
2] = S 300, 483, 491, 495
CSACR. ..o 88, 480, 487, 493



CTRL ..o 337, 480, 487, 493

DASTSO ..o 332, 480, 486, 493
DMAO.....coocrirreeenn 336, 480, 487, 493
DMACR ......ccoovinne 165, 481, 488, 494
DMDAR ..o 158, 481, 488, 494
DMMDR......cccovvveunene. 160, 481, 488, 494
DMSAR.....ccceirene 158, 481, 488, 494
DMTCR.....ccceoviren. 158, 481, 488, 494
DRACCR.......cccecvrrenen. 97, 481, 487, 494
DRAMCR.......cccovvienns 94, 481, 487, 494
EPDRO........cccovvvrnne 330, 480, 485, 493
EPDRI.....cccoiiiine 331, 480, 486, 493
EPDR2......cccovviiine. 331, 480, 486, 493
EPDRS......cccovien 332, 480, 486, 493
EPSTLO ....ccveirreeenn 336, 480, 487, 493
EPSZ....ccoviiiiiii 329, 480, 485, 493
FCCS....coiiiie 382, 481, 488, 494
FCLRO.....coevrvriene 334, 480, 487, 493
FECS....ooi 386, 481, 488, 494
FKEY i 387, 481, 488, 494
FMATS. ..o 388, 481, 488, 494
FPCS....ccoiiii 386, 481, 488, 494
FTDAR ..o 389, 481, 488, 494
ICR o 64, 482, 490, 495
[ER. ..o 68, 482, 490, 495
[ERO.....ccoriiireenreeee 329, 480, 485, 493
IFRO....ociiiiiireeereene 323, 480, 485, 493
ISCR..cooiiiiiri, 67, 482, 490, 495
ISR 68, 482, 490, 495
ISRO....coiiiriiiiireens 328, 480, 485, 493
ISSR...ooiiirieerenns 262, 482, 490, 495
MDCR ..o 50, 480, 487, 493
MSTPCR......ccvvrene. 473, 480, 487, 493
PIDDR ..o 222,482, 490, 495
PIDR ..o 223, 483, 491, 496
P2DDR ... 226, 482, 490, 495
P2DR ... 226, 483, 491, 496
P3DDR ..o 230, 482, 490, 495
P3DR ..o 230, 483, 491, 496
PADDR ... 233, 482, 490, 495
PADR ... 234, 483, 491, 496
PSDDR ... 237, 482, 490, 495
PSDR ... 237,483, 491, 496

PEDDR........ccovverenens 242,482, 490, 495
PEDR......ooeveerreeereee 242, 483, 491, 496
P7DDR.......ccooiiiins 246, 482, 491, 495
P7DR....ccoiiriiiis 247, 483, 491, 496
PBDDR........ccoveirinens 251, 483, 491, 495
PBDR......ocovvirieireins 251, 483, 491, 496
PODDR......ccovveririenens 254, 483, 491, 495
PODR.....cooeeerreeeiees 255, 483, 491, 496
PADDR.......c.coiinis 258, 483, 491, 495
PADR.....coiiriiri 258, 483, 491, 496
PBAR. ... 66, 482, 490, 495
PFCRI......coooviiiiriins 261, 482, 490, 495
PFCRS.....ccoiiiieereins 338, 482, 490, 495
PKTE ..o 333, 480, 486, 493
PORTL...coveciricenne 223, 483, 491, 495
PORT2.....cccoviiirnene 227,483, 491, 495
PORT3.....cooviieirene 231, 483, 491, 496
PORTA4......ccvvveirnene 234, 483, 491, 496
PORTS....cooviveeieee 238, 483, 491, 496
PORTG.....ccccovrirecene 243, 483, 491, 496
PORT7 ..o 247,483, 491, 496
PORTS.......ccovviiriene 252, 483, 491, 496
PORT9.....cccovvveirene 255, 483, 491, 496
PORTA ..o 2509, 483, 491, 496
RAMER......cccceiennn. 390, 481, 487, 493
RDNCR.......cccceevrirennn. 93, 481, 487, 493
RDR ..o 293, 483, 491, 495
REFCR.....cocvviriiine 98, 481, 488, 494
RSR...coiii e 293
RTCNT oo 101, 481, 488, 494
RTCOR.....ccvvverenene 101, 481, 488, 494
SBYCR ..o 472, 480, 487, 493
SCR..ooireeereees 295, 483, 491, 495
SMR..c, 294, 483, 491, 495
SSR ..o 297, 483, 491, 495
SYSCR....coviiririeiis 51, 480, 487, 493
TCONT .o 265, 284, 481, 484,
.................................... 488, 492, 494, 496
TCORA ... 266, 484, 492, 496
TCORB.......ccoevrve 266, 484, 492, 496
TCR.coiiee e 266, 483, 491, 496
TCSR ... 268, 284, 481, 483,
.................................... 488, 491, 494, 496
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TOR s 294
USBSUSP.......ccovoermne 338, 480, 487, 493
USTCR....cccvreeirinne 169, 482, 490, 495
WTCR ..o 90, 481, 487, 493
RESEL ...t 57
Reset Exception Handling ... 57

(SCI) e 291
Asynchronous Mode...........cccccevernnen. 304
2] A = (= R 300
Framing error........ccccoveeeevenieeceeneee 310
OVEITUN EITON ..o 310
Parity error.......ccoooveeevineirineereeenes 310

Serial Communication Interface

SpeCifiCation........ccevevevevevese e 435

Sleep MOdE......ccveeee e 474

Software Protection .........c.cccceeeverennne 429

Software Standby Mode............ccccceeeneee. 474

Stack Pointer (SP)......ccceevereerineerieene 22

StaCK SEAUS ... 60
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Stall Operations.........cocoveerenerenenenenene 355
Trace Bit...ccveiiceeceeeceeee e 23
Trap Instruction Exception Handling........ 59
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