To al our customers

Regarding the change of names mentioned in the document, such as Hitachi
Electric and Hitachi XX, to Renesas Technology Corp.

The semiconductor operations of Mitsubishi Electric and Hitachi were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and other Hitachi brand
names are mentioned in the document, these names have in fact all been changed to Renesas
Technology Corp. Thank you for your understanding. Except for our corporate trademark, logo and
corporate statement, no changes whatsoever have been made to the contents of the document, and
these changes do not constitute any alteration to the contents of the document itself.
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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation 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 persond 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 materia or (iii) prevention against any malfunction or
mishap.

Notes regarding these materias

1

These materials are intended as areference to assist our customers in the selection of the Renesas Technology Corporation
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 Corporation or athird party.

Renesas Technology Corporation 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, agorithms, or circuit application examples contained in
these materials.

All information contained in these materials, including product data, diagrams, charts, programs and agorithms represents
information on products at the time of publication of these materials, and are subject to change by Renesas Technology
Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation 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 Corporation assumes no responsibility for any damage, liability, or other lossrising from these
inaccuracies or errors.

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

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

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

The prior written approva of Renesas Technology Corporation 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 alicense
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 Corporation for further details on these materials or the products contained therein.
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. This product is not designed to be radiation resistant.
6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi
semiconductor products.
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Preface

The H8/3048B Series is a series of high-performance microcontrollers that integrate system
supporting functions together with an H8/300H CPU core. In addition, the H8/3048F-ONE is
equipped with an on-chip emulator (E10T)™.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip emulator (E10T)*? has functions that allow it to emulate directly a microcontroller
mounted on the user board. This makes possible on-board program debugging.

The on-chip supporting functions include ROM, RAM, a 16-bit integrated timer unit (ITU), a
programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, a D/A converter, I/O ports, a direct memory access controller
(DMACQ), a refresh controller, and other facilities. Of the two SCI channels, one has been
expanded to support the ISO/IEC7816-3 smart card interface. Functions have also been added to
reduce power consumption in battery-powered applications: individual modules can be placed in
standby, and the frequency of the system clock supplied to the chip can be divided down under
software control.

The address space is divided into eight areas. The data bus width and access cycle length can be
selected independently in each area, simplifying the connection of different types of memory.
Seven operating modes (modes 1 to 7) are provided, offering a choice of data bus width and
address space size.

With these features, the H8/3048B Series can be used to implement compact, high-performance
systems easily.

Versions with either flash memory (F-ZTAT™™!) or mask ROM as the on-chip ROM are
available. This enables users to respond quickly and flexibly to changing application specifications
from the initial production stage through full-scale volume production.

This manual describes the H8/3048B Series hardware. For information on H8/3048 Series
products, please refer to the H8/3048 Series Hardware Manual. For details of the instruction set,
refer to the H8/300H Series Programming Manual.

Notes: *1 F-ZTAT™ (Flexible ZTAT) is a trademark of Hitachi, Ltd.
*2 An on-chip emulator (E10T) is not provided in the mask ROM version.

Rev. 2.0, 02/03, page iii of xlviii
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Notes on using the on-chip emulator (E10T) installed in the H8/3048F-ONE

H8/3048 Series products and H8/3048B Series products have different specifications regarding the
pin arrangement (pin 1, VCL), flash memory, and maximum operating frequency. Refer to
Comparison of H8/3048 Series Product Specifications for details of these differences.

Notes:
When using an on-chip emulator (E10T) for H8/3048 program development and debugging, the
following restrictions must be noted.

1. Only programs in the on-chip flash memory can be developed and debugged. Consequently,
emulation is not possible for programs in external memory or in the no-ROM mode.

2. Refresh controller and DMAC operation are not supported, so settings should not be made to
the registers for these modules.

3. During break mode of on-chip emulation, the watchdog timer stops counting. Accordingly, the
counter value may be invalid after resuming from the break mode.

4. The FWE (BRK) pin and pins P91, P93, and P95 are reserved for the E10T, and cannot be
used.

5. Area H'F7000 to H'F7FFF in 1-M address mode (area H'FF7000 to H'FF77FF in 16-M address
mode) is used by the E10T, and is not available to the user.

6. The initial program instructions following a reset should be initialize stack pointer (SP) and
read mode register (MDCR). (After initializing SP using the MOV.L instruction, use the
MOV .B instruction to read the MDCR register.)

7. Emulation of the hardware standby mode is not supported.

Rev. 2.0, 02/03, page iv of xlviii
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Comparison of H8/3048 Series Product Specifications

There are seven members of the H8/3048 Series; the H8/3048F-ZTAT (H8/3048F*1, H8/3048F-
ONE™), H8/3048ZTAT, H8/3048 mask ROM version, H8/3047 mask ROM version, H8/3045
mask ROM version, and H8/3044 mask ROM version.

The specifications of each model is compared below.

Notes: *1 H8/3048F has dual power supply with flash memory installed.
*2 H8/3048F-ONE has single power supply with flash memory and E10T installed.

Hardware H8/3048 Series H8/3048B Series
Manual (Rev. 6.0) (Rev. 2.0)
ROM Type ZTAT Mask ROM F-ZTAT Mask ROM
Model Type |H8/3048 H8/3048 mask ROM H8/3048F H8/3048F-ONE  |H8/3048B mask
version ROM Version
H8/3047 mask ROM
version
H8/3045 mask ROM
version
H8/3044 mask ROM
version
Model Spec |PROM model |Mask ROM model Dual power Single power Mask ROM
supply, flash supply, flash model
memory is memory installed,
installed internal step-
down (5 V
operation model),
high-speed
operation model
Refer to 1.4, Refer to 1.4.3,
Differences Differences
between between
H8/3048F and |H8/3048F and
H8/3048F-ONE. |H8/3048F-ONE.
Model Type |HD6473048 HD6433048 HD64F3048 HD64F3048B HD6433048B
No. HD6433047 (5 V operation (5 V operation
HD6433045 model) model)
HD6433044 HD64F3048BV  |HD6433048BV
(3 V operation (3 V operation
model) model)
Pin Refer to figure 1.2, Pin Arrangement of H8/3048ZTAT, 5-V operation models have a V¢, pin
Assignment H8/3048 Mask ROM Version, H8/3047 Mask ROM and an external capacitor must be
Version, H8/3045 Mask ROM Version, H8/3044 Mask connected.
RQM V_ersion_, and H8/3048F (FP-100B or TFP-100B, Top Refer to figure 1.3, H8/3048F-ONE
View), in section 1. Pin Arrangement (FP-100B or TFP-
100B, Top View), in section 1.

RENESAS
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Hardware

H8/3048 Series

H8/3048B Series

Manual (Rev. 6.0) (Rev. 2.0)
ROM Type ZTAT Mask ROM F-ZTAT Mask ROM
RAM Capacity |4 kbytes H8/3048: 4 kbytes 4 kbytes 4 kbytes
H8/3047: 4 kbytes
H8/3045: 2 kbytes
H8/3044: 2 kbytes
ROM Capacity|128 kbytes H8/3048: 128 kbytes 128 kbytes 128 kbytes

H8/3047: 96 kbytes
H8/3045: 64 kbytes
H8/3044: 32 kbytes

Flash Memory — — Refer to section |Refer to section —
19, Flash 18, ROM
Memory (H8/3048F-ONE:
(H8/3048F Dual |Single Power
Power Supply). |Supply, H8/3048B
Mask ROM
Version)
Clock Pulse |Refer to section 20, Clock Pulse Generator. Refer to section 19, Clock Pulse
Generator Generator.
Power-Down |Refer to section 21, Power-Down State. Refer to section 20, Power-Down
State State.
Clock oscillator settling time: Waiting time of up to 131072 |Clock oscillator settling time: Waiting
states time of up to 262144 states
Electrical Refer to table 22.1, Electrical Characteristics of H8/3048 |Refer to table 21.1, Electrical
Characteristic |Series Products, in section 22. Characteristics of H8/3048 Series

s (Clock Rate)

and H8/3048B Series Products, in
section 21.

1to 18 MHz 1to 16 |5V operation models:
MHz 2 to 25 MHz,
3 V operation models:
2 to 25 MHz.
List of Refer to table B.1, Comparison of H8/3048 Series Internal /O Register Specifications, in
Registers appendix B.
Refer to appendix B.1, Addresses.
Notes on — — — Refer to section —
Usage 1.4, Notes on
H8/3048F-ONE
(Single Power
Supply)
On-chip — — — On-chip emulator —
Emulator (E10T)
(E10T)

Rev. 2.0, 02/03, page vi of xlviii
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List of Items Revised or Added for This Version

Section Page Description
H8/3048B Series added
Preface iii, iv Description amended

Lines 1 and 2

The H8/3048B Series is a series of high-performance
microcontrollers that integrate system supporting functions
together with an H8/300H CPU core. In addition, the
H8/3048F-ONE is equipped with an on-chip emulator
(E10T)*2.

Line 7

The on-chip emulator (E10T)*2 has functions that allow it to
emulate directly a microcontroller mounted on the user board.

Line 23 Description replaced

Versions with either flash memory (F-ZTATT""’”) or mask ROM
as the on-chip ROM are available. This enables users to
respond quickly and flexibly to changing application
specifications from the initial production stage through full-
scale volume production.

Line 26

This manual describes the H8/3048B Series hardware. For
information on H8/3048 Series products, please refer to the
H8/3048 Series Hardware Manual. For details of the
instruction set, refer to the H8/300H Series Programming
Manual.

Note *2 added and *1 deleted

An on-chip emulator (E10T) is not provided in the mask ROM
version.

Notes on using the on-chip emulator (E10T) installed in the
H8/3048F-ONE

H8/3048 Series products and H8/3048B Series products have
different specifications regarding the pin arrangement (pin 1,
VCL), flash memory, and maximum operating frequency.
Refer to Comparison of H8/3048 Series Product Specifications
for details of these differences.

Rev. 2.0, 02/03, page vii of xlviii
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Section Page Description

Comparison of H8/3048 V, Vi

. H8/3048B Series
Series Product (Rev.[2.0)
Specifications F-ZTAT Mask ROM

H8/3048F-ONE  |H8/3048B mask
ROM Version

Single power Mask ROM
supply, flash model
memory installed,
internal step-
down (5 V
loperation model),
high-speed
operation model
Refer to 1.4.3,
Differences
between
H8/3048F and
H8/3048F-ONE.
HD64F3048B HD6433048B

(5 V operation (5 V operation
model) model)
HD64F3048BV  |HD6433048BV
(3 V operation (3 V operation
model) model)

H8/3048B series
(Rev. 2.0)

F-ZTAT ‘ Mask ROM
128 kbytes

Refer to section —
18, ROM
(H8/3048F-ONE:
Single Power
Supply,
H8/3048B Mask
ROM Version).

%

Refer to section —
1.4, Notes on
H8/3048F-ONE
(Single Power
Supply)
On-chip emulator —
(E10T)

Rev. 2.0, 02/03, page viii of xlviii
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Section

Page

Description

1.1 Overview

Table 1.1 Features

1,5

Description amended

Lines 1and 3

The H8/3048B Series is a series of microcontrollers (MCUs)
that integrate system supporting functions together with an
H8/300H CPU core having an original Hitachi architecture. In
addition, the H8/3048F-ONE is equipped with an on-chip
emulator (E10T)*.

Line 12

The H8/3048B Series has 128 kbytes of on-chip ROM and 4
kbytes of on-chip RAM.

Line 15

In addition to mask ROM products, the H8/3048B Series
includes F-ZTAT™*! version products with on-chip user-
programmable flash memory.

Line 21
Table 1.1 summarizes the features of the H8/3048B Series.

Note *2 added
*2  An on-chip emulator (E10T) is not provided in the mask

ROM version.

Table amended

Product lineup Model (5 V) Model (3 V) Package ROM  Remarks
HD64F3048BTE HD64F3048BVTE 100-pin TQFP (TFP-100B)  Flash  E10T is
HD64F3048BF  HD64F3048BVF  100-pin QFP (FP-100B) memory installed
HD6433048BTE HDG433048BVTE 100-pin TQFP (TFP-100B)  Mask  E10T is not
HD6433048BF  HD6433048BVF  100-pin QFP (FP-100B) Rel (s

Rev. 2.0, 02/03, page ix of xlviii
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Section Page

Description

1.2 Block Diagram 6
Figure 1.1 Block Diagram

Figure amended

RES—
RESOFWE" —— M.

NMmI

Interrupt controller
—
P66/LWR S —
P65/HWR
P64/RD ( RkOQAOM
. mas )
P63/AS or flash
P62/BACK memory)
P61/BREQ
P6o/WAIT

Port 6
U
0
]

RAM

Note amended

*2 Pin 1 on the H8/3048B Series which operates at 5 V is not
used as the V¢ terminal, but is used as the V¢, terminal;
the external capacitor must be connected. Pin 1 is the Vcc
pin on versions that operate on 3 V.
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Section

Page

Description

1.3.1 Pin Arrangement

Table 1.2 Comparison of
H8/3048B Series and
H8/3048 Series Pin
Arrangements

Figure 1.2 Connection of
Pin 1

Figure 1.3 H8/3048B
Series Pin Arrangement
(FP-100B or TFP-100B,
Top View)

7,8

Description amended
Lines 1to 4
H8/3048B Series

Title amended for table 1.2 and figure 1.3.
H8/3048B Series

Product addition to table 1.2.

H8/3048B
H8/3048F-ONE Mask ROM Version
Pi
Package n 5V 3V SV 3V
Number

Operation | Operation | Operation | Operation
Model Model Model Model

FP-100B 1 Ve Vee Ve,
(TFP-1008B)

VCC

10 FWE FWE RESO RESO

Figure 1.2 amended
H8/3048B Series and H8/3048F-ONE

Figure 1.3 amended

RESO/FWE‘2|:| 10

Note amended

(2) Do NOT apply 12 V to the H8/3048F-ONE (single power
supply), or to H8/3048 Series or H8/3048B Series mask
ROM products as the chip will be destroyed.

Rev. 2.0, 02/03, page xi of xlviii
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Section

Page

Description

1.3.2 Pin Assignmentsin 9, 13

Each Mode

Table 1.3 Pin
Assignments in Each
Mode (FP-100B or TFP-
100B)

Flash Remarks

Voo Flash

(Voe) ~ memory
version
with
single
power
supply.
H8/3048
B mask-
ROM

version

Vee H8/3048
Series,
Mask
ROM
version,
PROM
version
and flash
memory
version
with dual
power
supply.

Notes amended
*3  For the H8/3048B Series which operates at5 V, -

*4  This pin functions as the FWE pin on the single power
supply on-chip flash memory version. Under no

circumstances should 12 V be applied to the single power
supply on-chip flash memory version (H8/3048F-ONE), or

to H8/3048 Series or H8/3048B Series mask ROM
products. Doing so will destroy the chip. This pin

functions as an overview control signal in modes 5, 6, and

7. The pin functions as the RESO pin in on-chip mask
ROM versions, on-chip PROM versions, and dual power
supply flash memory versions.

1.3.3 Pin Functions
Table 1.4 Pin Functions

14, 18 Description amended

For the H8/3048B Series which operates at 5V, -

Notes amended

Notes: *1 For H8/3048B Series products and H8/3048B
Series models operating at 3 V.

*2 For the H8/3048B Series which operates at 5 V.
*3 Do NOT apply 12 V to the H8/3048B Series -

1.4 Notes on H8/3048F-
ONE (Single Power

Supply)

18

Title amended
Notes on H8/3048F-ONE (Single Power Supply)

Rev. 2.0, 02/03, page xii of xlviii
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Section Page Description
1.4.3 Differences 23
between H8/3048F and Details on Refer to section 19, Flash Memory  Refer to section 18, ROM (H8/3048F-

H8/3048F-ONE

Table 1.6(2) Differences
in H8/3048F and
H8/3048F-ONE

ONE, Single Power Supply, H8/3048B
Mask-ROM Version)

flash memory  (H8/3048F, Dual Power Supply).

Clock rate: 2 to 25 MHz

Refer to section 21, Table 21.1
Electrical Characteristics of H8/3048
Series and H8/3048B Series Products.

Clock rate: 1 to 16 MHz

Refer to section 22, Table 22.1
Electrical Characteristics zlf
H8/3048 Series Products.”?

Electrical
characteristics
(clock rate)

List of
registers

Refer to appendix B, Table B.1
Comparison of H8/3048 Series N
Internal I/O Register Specification

Refer to appendix B, Table B.1
Comparison of H8/3048 Series Internal

2 110 Register Speciﬁcation*2

Refer to appendix B.2, Addresses
(For H8/3048F, H8/3048ZTAT,
H8/3048 Mask-ROM, H8/3047
Mask-ROM, H8/3045 Mask-ROM,
and H8/3044 Mask-ROM
Versions)*?

Refer to appendix B.1, Addresses
(For H8/3048F-ONE, H8/3048B Mask
ROM Version)™?

1.4.4 VcL Pin

Figure 1.4 Method of
Connecting H8/3048B
Series V¢ Capacitor

23,24

Description and title amended
The H8/3048B Series 5 V operation models have a V¢ -

Figure 1.4 amended

Ve power
supply

External
capacitor

—

Ver (Pin 1)

H8/3048B Series
(5 V operation model)

Vee (Pin 1)

H8/3048B Series (3 V operation model)
H8/3048 Series

0.1 uF

1.4.5 Noteon 25 Description and title amended

Chgngeover to H8/3048, 1.4.5 Note on Changeover to H8/3048 Series Mask ROM

Series Mask ROM Version Version
Care is required when changing from the H8/3048F-ONE with
on-chip flash memory to a model with on-chip H8/3048 Series
mask ROM (H8/3048, H8/3047, H8/3045, or H8/3044).

1.5 Setting Oscillation Description amended

Settling Wait Time For the H8/3048B Series, ensure that the oscillation settling
wait time -

1.6 Notes on Crystal 26 Description amended

Resonator Connection

The H8/3048B Series support an operating frequency of up to
25 MHz.
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Section Page Description
211 Features 27,28 Description amended
» High-speed operation
— All frequently-used instructions execute in two to four
states
— Maximum clock frequency: 25 MHz (H8/3048B Series)
» Two CPU operating modes
— Normal mode (not available in the H8/3048B Series)
2.1.2 Differences from 28 Description amended
H8/300 CPU » Expanded address space
— Advanced mode supports a maximum 16-Mbyte address
space.
— Normal mode supports the same 64-kbyte address space
as the H8/300 CPU.
(Normal mode is not available in the H8/3048B Series.)
2.2 CPU Operating 29 Description amended
Modes
The H8/3048B Series can be used only in advanced mode.
(Information from this point on will apply to advanced mode
unless otherwise stated.)
2.3 Address Space 30 Description amended
Figure 2.2 shows the address ranges of the H8/3048B Series.
For further details see section 3.6, Memory Map in Each
Operating Mode.
2.6.1 |Instruction Set 38 Note amended
Overview *2 Not available in the H8/3048B Series.
Table 2.1 Instruction
Classification
2.6.2 Instructions and 39 Note amended
Addressing Modes * Not availabe in the H8/3048B Series.
Table 2.2 Instructions
and Addressing Modes
2.6.3 Tables of 41 Table amended

Instructions Classified by

Function

Table 2.3 Data Transfer

Instructions

MOVFPE B (EAs) - Rd
Cannot be used in the H8/3048B Series.
MOVTPE B Rs - (EAs)

Cannot be used in the H8/3048B Series.
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Section Page Description
2.7.2 Effective Address 56 31 0
CalCU|atlon —»|  General register contents
. 23 0
Table 2.13 Effective 7y j
Address Calculaton T ;T@ '
1,2,0r4
1 for a byte operand, 2 for a word
operand, 4 for a longword operand
57 23 0
PC contents 23 0
Sign
exten- disp
sion
3.1.1 Operating Mode 67 Description amended

Selection

The H8/3048B Series has seven operating -

3.6 Memory Map in Each 73 to
Operating Mode 75

Figure 3.1 HB8/3048B
Series Memory Map in
Each Operating Mode

Description amended

Figure 3.1 shows a memory map of the H8/3048B Series.

Title amended
H8/3048B Series Memory Map in Each Operating Mode

5.4.3 Interrupt Response 112
Time
Table 5.5 Interrupt

Response Time

External Memory

. 8-Bit Bus 16-Bit Bus
On-Chip
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority 2% 2% 2% 2% 2%
decision
2 Maximumnumberof 11023 1t027™" 1t04™ 11023™  1to25[°
states until end of
current instruction
3  SavingPCandCCR 4 8 12%4 4 6"
to stack
4 Vector fetch 4 8 12" 4 6™
5  Instruction prefetch™® 4 8 12%4 4 6"
6 Internal processing*3 4 4 4 4 4
Total 19to41 31to57 43 to 83 19 to 41 251049
Notes: *1 1 state for internal interrupts.
*2 Prefetch after the interrupt is accepted and prefetch of the first instruction in the
interrupt service routine.
*3 Internal processing after the interrupt is accepted and internal processing after
prefetch.
*4  The number of states increases if wait states are inserted in external memory
access.
*5 Example for DIVXS.W Rs.ERd and MULXS.W Rs,ERd
*6 Example for MOV.L @(d:24,ERs),ERd and MOV.L ERs,@(d:24,ERd)

6.1 Overview 119

Description amended
The H8/3048B Series has an on-chip bus -
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6.3.7 Bus Arbiter 151
Operation

Figure 6.19 External-Bus-
Released State (Two-
State-Access Area, During
Read Cycle)

Note amended
6. BACK signal goes high, ending bus-release cycle.

7.1 Overview 155

Description amended
The H8/3048B Series has an on-chip refresh -

7.2.1 Refresh Control 159

Description amended

Register (RFSHCR) Line 5
refreshed when the H8/3048B Series enters -
7.3.1 Overview 164 Description amended

One of three functions can be selected for the H8/3048B
Series refresh controller: -

7.3.2 DRAM Refresh 169
Control

Description amended
Line 3
correspond to H8/3048B Series pins -

Table 7.6 DRAM Pins 169
and H8/3048 Series Pins

Table amended
H8/3048B Series Pin

Figure 7.5(2) DRAM 170
Control Signal Output
Timing (2CAS Mode)

Figure amended

HWR
(UCAS)

LWR
(LCAS)

RD
(WE)

RFSH

Figure 7.6 Signal Output 172
Timing in Self-Refresh

Mode (PSRAME = 0,

DRAME = 1)

Figure amended
a. 2 WE mode (SRFMD = 1)
b. 2 CAS mode (SRFMD = 1)

Figure 7.7 173
Interconnections and

Address Map for 2WE 1-

Mbit DRAM (Example)

Figure amended
H8/3048B Series

Figure 7.9 175
Interconnections and

Address Map for 2WE 4-

Mbit DRAM (Example)

Figure amended
H8/3048B Series
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7.3.2 DRAM Refresh 177 Figure amended

Control H8/3048B Series
Figure 7.11

Interconnections and

Address Map for 2CAS 4-

Mbit DRAM (Example)

Figure 7.13 179 Figure amended

Interconnections and H8/3048B Series
Address Map for Multiple

2CAS 4-Mbit DRAM Chips

(Example)

7.3.3 Pseudo-Static RAM 183 Figure amended
Refresh Control H8/3048B Series
Figure 7.17

Interconnection tﬁseudo-
Static RAM with OE/RFSH
Signal (Example)

8.1 Overview 193 Description amended
The H8/3048B Series has an on-chip -

8.1.5 Register 198
Configuration HFF20  Memory address register OAR MAROAR RW  HFF
Table 8.3 DMAC
Registers .
H'FF28 Memory address register 0BR MAROBR RW H'FF
H'FF30 Memory address register 1AR MAR1AR RW H'FF
H'FF38 Memory address register 1BR MAR1BR R/W H'FF
9.1 Overview 253 Description amended
The H8/3048B Series has 10 input/output ports -
9.10.2 Register 288 Description amended
Descriptions Bit C/A in SMR of ---
Table 9.17 Port 9 Pin
Functions
10.1 Overview 309 Description amended
The H8/3048B Series has a built-in -
11.1 Overview 405 Description amended

The H8/3048B Series has a built-in -
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12.1 Overview 431

Description amended
The H8/3048B Series has an on-chip -

12.1.2 Block Diagram 432

Figure 12.1 WDT Block
Diagram

Interrupt signal

(internal, external)

Overflow

Interrupt

-—
(interval timer) | control

Internal
TCNT Read/ | databus

.

TCSR control

wite K >

|

RSTCSR
Reset -~ Reset control Clock

[

i

Internal clock sources

Clock
selector

e 12
e /32
e /64
/128
e /256
e 4512

e ¢/2048

e /4096

Legend
TCNT:  Timer counter

TCSR:  Timer control/status register
RSTCSR: Reset control/status register

Note: * Open-drain output pin

12.1.3 Pin Configuration 432

Newly added
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12.2.3 Reset 436, Description amended
Control/Status Register 437
(RSTCSR)

12.2.3  Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-bit readable and writable register that indicates when a reset signal has been
generated by watchdog timer overflow, and controls external output of the reset signal.

Bit 7 6 5 4 3 2 ; o
[west[Rstee| — | — [ — [ — [ = — ]
Initial value 0 0 1 1 1 1 1 1

Read/Write  RAW)" | RMW - — — — —

Reserved bits

Reset output enable
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: The method for writing to RSTCSR is different from that for general registers to prevent
inadvertent overwriting. For details see section 12.2.4, Notes on Register Rewriting.
* Only 0 can be written in bit 7, to clear the flag.

Bits 7 and 6 are initialized by input of a reset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.

Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that
TCNT has overflowed and generated a reset signal. This reset signal resets the entire chip
internally. If bit RSTOE is set to 1, this reset signal is also output (low) at the RESO pin to
initialize external system devices. Note that there is no RESO pin in the versions with on-chip

flash memory.
Bit7
WRST Description
0 [Clearing conditions]
« Reset signal at RES pin.
+ Read WRST when WRST = 1, then write 0 in WRST. (Initial value)
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer operation

Bit 601 Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of
the reset signal generated if TCNT overflows during watchdog timer operation. Note that there is
no RESO pin in the versions with on-chip flash memory.

Bit 6

RESTOE Description

0 Reset signal is not output externally (Initial value)
1 Reset signal is output externally

Bits 5 to 0] Reserved: These bits cannot be modified and are always read as 1.
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12.3.1 Watchdog Timer 439
Operation

Figure 12.4 Watchdog
Timer Operation

Description amended

12.3.1  Watchdog Timer Operation

Figure 12.4 illustrates watchdog timer operation. To use the WDT as a watchdog timer, set the
WT/IT and TME bits to 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT value (normally by writing H*00) before overflow occurs. If TCNT fails to be rewritten and
overflows due to a system crash etc., the chip is internally reset for a duration of 518 states.

The watchdog reset signal can be externally output from the RESO pin to reset external system
devices. The reset signal is output externally for 132 states. External output can be enabled or
disabled by the RSTOE bit in RSTCSR. Note that there is no RESO pin in the versions with on-
chip flash memory.

Figure amended

WDT overflow
HFF oo
TCNT count TME setto 1
value
H00 @ @———F e

Nt/

H’00 written Reset H’00 written
in TCNT in TCNT

Irztsee"tn :ilgnal
—

518 states

FESo |
-~

T

Start

132 states
13.1 Overview 445 Description amended
The H8/3048B Series has a serial -
13.2.5 Serial Mode 452 Bit 5 Note amended
Register (SMR) -~ even or odd parity mode selected by the O/E bit, -
13.2.7 Serial Status 461 Bit 3 description amended
Register (SSR) OJE in SMR.

13.3.3 Multiprocessor 486
Communication

Figure 13.12 Sample
Flowchart for Receiving
Multiprocessor Serial Data

(1)

Figure amended

l Clear RE bit to 0 in SCR |

End
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13.5 Usage Notes 502 Description amended
C/A=1
14.1.1 Features 503 Description amended
-+ the H8/3048B Series are listed below.
14.2.3 Serial Mode 509 Bit 7 6 5 4 3 2 1 0
Register (SMR) [ om [ cwr [ PEl | oF [stop | mp [ ckst | ckso |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

14.3.2 Pin Connections 511 Description amended
-- the H8/3048B Series’ generic ports.

Figure 14.2 Smart Card 512 Figure amended
In.terface Connection H8/3048B Series
Diagram

14.3.4 Register Settings 515 Description amended
In the H8/3048B Series, the SINV bit -

15.1 Overview 529 Description amended
The H8/3048B Series includes a 10-bit -
15.6 Usage Notes 544 Description amended

3. Vgrer Programming Range: The reference voltage input at
the Vgrer pin should be in the range Vrer < AVcc.

Failure to observe points 1, 2, and 3 above may degrade chip
reliability.

Figure 15.11 Analog 549 Figure amended
Input Circuit (Example)
H8/3048B Series —

Sensor output impedance

Up to 10 kQ (¢ < 13 MHz)
Sensor UP 105 kQ (9> 13 MH2)

input VYV l i l

Low-pass

! flter 3 15 pF
1Upto 0.1 uF

16.1 Overview 551 Description amended
The H8/3048B Series includes a D/A -

16.4 D/A Output Control 558 Description amended
In the H8/3048B Series, D/A -
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17.1 Overview 559 Description amended
Line 1
The H8/3048B Series has 4 kbytes of high-speed static RAM
on-chip.
Line 4
The on-chip RAM of the H8/3048B Series is assigned to
addresses H'FEF10 to H'FFFOF in modes -
17.3 Operation 562 Description amended
Line 2, 3
in the H8/3048B Series
Section 18 ROM 563 Title amended
(P*(')%\’/g?‘éSF'OlNES%%%'SB Section 18 ROM (H8/3048F-ONE: Single Power Supply,
Mok RO“,\F;PVVe’rsion) H8/3048B Mask ROM Version)
18.1 Flash Memory 563 Title amended
Overview Flash Memory Overview
18.2 Flash Memory 565 Title amended
Features Flash Memory Features
18.3 Flash Memory Pin 573 Title amended
Configuration Flash Memory Pin Configuration
18.4 Flash Memory 574 Title amended
Register Configuration Flash Memory Register Configuration
18.5 Flash Memory 574 Title amended
Register Descriptions Flash Memory Register Descriptions
18.5.3 Erase Block 579 Note amended
Register (EBR) When not performing an erase, clear EBR to H'00.
Bits 7t0 0
18.6 Flash Memory On- 582 Title amended
Board Programming Flash Memory On-Board Programming Modes
Modes
18.6.1 Boot Mode 582 Description amended
Line 3
When a reset-start is executed after H8/3048F-ONE'’s pins -
Figure 18.7 System 583 Figure amended

Configuration in Boot
Mode

H8/3048F-ONE
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18.6.1 Boot Mode 585 When boot mode is initiated, H8/3048F-ONE measures the

Automatic SCI Bit Rate Iov'v period of ’Fhe async_hronous SCI communication data

Adjustment (H'00) transmitted continuously from the host. The SCI
transmit/receive format should be set as follows: 8-bit data, 1
stop bit, no parity. H8/3048F-ONE calculates the bit rate of the
transmission from the host from the measured low period, and
transmits one H'00 byte to the host to indicate the end of bit
rate adjustment. The host should confirm that this adjustment
end indication (H'00) has been received normally, and transmit
one H'55 byte to H8/3048F-ONE. If reception cannot be
performed normally, initiate boot mode again (reset), and
repeat the above operations. Depending on the host’s
transmission bit rate and H8/3048F-ONE’s system clock
frequency, there will be a discrepancy between the bit rates of
the host and H8/3048F-ONE. Set the host transfer bit rate at
4,800, 9,600 or 19,200 bps™ to operate the SCI properly.
Table 18.7 shows host transfer bit rates and system clock
frequencies for which automatic adjustment of H8/3048F-ONE
bit rate is possible. The boot program should be executed
within this system clock range.

Table 18.7 System Clock 585 Table title amended

Frequencies for which System Clock Frequencies for which Automatic Adjustment of

Automatic Adjustment of H8/3048F-ONE Bit Rate is Possible

H8/3048F-ONE Bit Rate is

Possible

18.6.2 User Program 588 Description amended

Mode Line 5
To select this mode, activate H8/3048F-ONE to on-chip -

18.7.2 Program-Verify 596 Note amended

Mode *2 Verify data is read in 16-bit (word) units.

Figure 18.13

Program/Program-Verify

Flowchart (128-Byte

Programming)

18.8 Flash Memory 599 Title amended

Protection Flash Memory Protection

18.8.3 Error Protection 602 Description amended

If the H8/3048F-ONE malfunctions during -

18.10.1 Socket Adapters 607
and Memory Map

Table 18.13 H8/3048F-
ONE Socket Adapter
Product Codes

Note added

Product Code Package Socket Adapter Product Code® Manufacturer

* Use of the wrong socket adapter may destroy the chip.
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18.11 Notes on Flash 608
Memory
Programming/Erasing

Description amended
Line 10
pin and this will permanently damage H8/3048F-ONE.

18.12 Mask ROM 614 Newly added
(H8/3048B Mask ROM

Version) Overviews

18.13 Notes on Ordering 615 Newly added

Mask ROM Version Chips

18.14 Notes when 616
Converting the F-ZTAT

(Single Power Supply)
Application Software to the
Mask-ROM Versions

Deletion of note on V¢ for F-ZTAT version (single power
supply) model operating at 5 V

19.1 Overview 617 Description amended
The H8/3048B Series has a built-in clock -
19.2.1 Connecting a 619 Product name amended

Crystal Resonator

Table 19.1 Damping
Resistance Value

H8/3048B Series

Figure 19.4 Example of 621
Incorrect Board Design

Figure amended
H8/3048B Series

19.2.2 External Clock 622,
Input 623

Table 19.4(1) Clock
Timing for H8/3048B
Series (8 MHz < f< 25
MHz)

Table 19.4(2) Clock
Timing for H8/3048B
Series (2 MHz<f<8
MHz)

Title amended

Clock Timing for H8/3048B Series
Table 19.4(2)

Vee=3.0Vto3.6V
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19.5.3 Usage Notes 626 Table title amended
Table 19.6 Comparison Comparison with the Clock Frequency Ranges in the H8/3048
with the Clock Frequency Series and H8/3048B Series
Ranges in the H8/3048 Mask ROM
. as|
Ser!es and H8/304SB H8/3048 | H8/3047 | H8/3045 | H8/3044 |H8/3048B
Series Mask Mask | Mask | Mask Mask
ROM | ROM | ROM | ROM | Rom
Version | Version | Version | Version Version
1-18 MHz 2-25
MHz
1-13 MHz o
1-8 MHz m]
o 2-25
MHz
2-18 MHz 2-25
MHz
20.1 Overview 627 Description amended
The H8/3048B Series has a power-down -
Table 20.1 Power-Down 628 Table amended
State and Module Standby Hardware  Low input at
Function standby STBY pin
mode
20.2 Register 629 Description amended
Configuration The H8/3048B Series has a system control -
20.4.3 Selection of 635 Table amended

Waiting Time for Exit from
Software Standby Mode

Table 20.3 Clock
Frequency and Waiting
Time for Clock to Settle

2.0 27 4.1 8.2% ms
4.1 5.5 8.2*% 16.4

8.2 10.9% 16.4 32.8

16.4 21.8 32.8 65.5

32.8 43.7 65.5 1311

65.5 87.4 1311 262.1

0.26 0.34 0.51 1.0
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Section 21 Electrical 641, Description and title amended

Characteristics 642 Electrical Characteristics of H8/3048 Series and H8/30488

Table 21.1  Electrical Series Products

Characteristics of H8/3048 — —

. eries eries

Ser!es and H8/3048B e300 He05

Series Products F-zTaT | H8/3048 F-ONE |H8/3048B
(Dual :ggg:z stfl?:.‘:s (Single Mask
Power H8/3044 Power ROM
Supply) Supply)
1to 16 1t018 1t018 |2to25 2to 25

5V BV

operation |operation
model) model)

— | 1t013 | 11013 — =

1t08 1t08 1t08 — —
— — — 2t0o25 2to 25
@V @V
operation |operation
model) model)
—20to +75|-20to +75 | -20 to +75 | —20 to -20 to
+75*1 +75*|
—40 to +85 | —40to +85 | -40to +85] —40to —40 to
+85* +85*"
Yes - Yes - Yes
— — — Yes =
— — — Cannot Cannot
be be
connect- |connect-
ed to ed to
power power
supply*?  |supply*®
5V BV
operation |operation
model model
only) only)
-0.3to -0.3to -0.3to |-0.3to -0.3to
+7.0 +7.0 +7.0 +7.0 +7.0
5V BV

operation |operation
model) model)

-0.3 to -0.3to
+4.6 +4.6

3V BV
operation |operation
model) model)
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Section 21  Electrical 641, H8/3048 Series H8/3048B Series
Characteristics 642 H8/3048 | oo o H8/3048
. F-ZTAT | o047 | Hajzoas | FONE |HeI3048B
Table 21.1 Electrical (Dual (Single Mask
Characteristics of H8/3048 Powsr | iooas | | | Power | Rom
: Supply) Supply)
Series and H8/3048B Yes Yes Yes O Yos
Series Products
O O O Yes O
Yes O m} m} O
Max 5 Max 5 Max 5 Max 10 | Max 10
Max 20 Max 20 Max 20 Max 80 Max 80
Max Max 1000 Max 1000| Max 500 | Max 500
1000
Min10 | Min 10 Min 10 Min20 | Min20
Max 100 | Max 100 Max 100 a a
Min 132 | Min132 | Min 132 5] 0
Refer to O ] See table O
the 21.11
H8/3048
Series
Hardware
Manual
(revision
6.0) for
details.
21.1.2 DC Characteristics 645 Table amended
Table 21.3 DC Item
Characteristics (1) Input pull-up Ports 2, 4,
MOS current and 5
Table 21.3 DC 646 Table amended
Characteristics (2) Input pull-up Ports 2, 4,
MOS current and 5
21.1.3 AC Characteristics 652
Table 21.6 Refresh CASto RAS precharge  tecrp 1.0ty —  1.0tge —
. : 1 %2
Controller Bus Timing time -15 -15
Signal rise time (all input  tsg =~ — 100 — 100 ns Figure
pins except EXTAL) 21.18
Signal fall time (all input ~ tsg  — 100 — 100
pins except EXTAL)
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21.2 Electrical 662 to Newly added
Characteristics of 676

H8/3048B (Mask ROM)

21.3.3 Control Signal 686 Figure amended

Timing

Figure 21.18 Reset Input

]
tRESS

tRess

ﬂ

Timing e
RES {
j
- [
tmps tresw
MD, to MD,
Note amended
This is a function for models with on-chip mask ROM
(H8/3048B, H8/3048, H8/3047, H8/3045, and H8/3044),
A.1 Instruction List 696 Addressing Mode and No. of
i Instruction Length (bytes) States”
Table A.1 Instruction Set "
] £ Condition Code
Mnemonic @ Operation |
5 c® |5 3
2 || |© -8
g ZlUlE| %8 E|§
g x| |24 850 513
o EARIEICICHEE 1|H|N|z|v|c|Z|<
MOV.W Rs, @-ERd W |ERd32-2 - ERd32, 2 —|—|sls]o]|—] &
Rs16 > @ERd
MOV.W Rs, @aa:16 W [Rs16 - @aa:16 4 —|— o|l—| s
MOV.W Rs, @aa:24 W |Rs16 > @aa:24 6 —|—= o|—| 8
MOV.L #xx:32, Rd L |[#xx:32 > Rd32 6 —|— o|—| 6
MOV.L ERs, ERd L |ERs32 > ERd32 2 —|— o|l—| =2
MOV.L @ERs, ERd L |@ERs -» ERd32 4 —|— o| | s
MOV.L @(d:16, ERs), ERd | L |@(d:16, ERs) -» ERd32 6 —[— o|—| 10
MOV.L @(d:24, ERs), ERd | L |@(d:24, ERs) -» ERd32 10 —[— o|—| 14
MOV.L @ERs+, ERd L |@ERs - ERd32, 4 —|— o|—| 10
ERs32+4 — ERs32
MOV.L @aa:16, ERd L |@aa:16 — ERd32 6 —|—|T|T|0o|—| 10
MOV.L @aa:24, ERd L |@aa:24 - ERd32 8 —|—|s]s]o]|—] 12
MOV.L ERs, @ERd L |ERs32 > @ERd 4 —|—|s]s]o]|—]| s
MOV.L ERs, @(d:16, ERd) | L |ERs32 > @(d:16, ERd) 6 —|—|¢]s]o]—] 10
MOV.L ERs, @(d:24, ERd) | L |ERs32 - @(d:24, ERd) 10 —|—|s]s]o]—] 14
MOV.L ERs, @-ERd L [ERd324 - ERd32, 4 —|—|s[s]o]|—| 10
ERs32 - @ERd
MOV.L ERs, @aa:16 L |ERs32 > @aa:16 6 —|— o|—| 10
MOV.L ERs, @aa:24 L |ERs32 - @aa:24 8 —|— 0|— 12
POP.W Rn w|@sP - Rn16, —|— o|l—| s
SP+2 > SP
POP.L ERn L |@SP — ERn32, —[—[T|T]o|—| 10
SP+4 - SP
PUSH.W Rn W |SP-2 — SP, o e e L
Rn16 - @SP
PUSH.L ERn L [sP-4 - sP, —[—[s|s]o]|—] 10
ERn32 - @SP
MOVFPE @aa:16, Rd B |Cannot be used in Cannot be used in
the H8/3048B Series 4 the H8/3048B Series
MOVTPE Rs, @aa:16 B |Cannot be used in Cannot be used in
the H8/3048B Series 4 the H8/3048B Series
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A.2 Operation Code Map 709 Table amended

Table A.2 Operation
Code Map suB

SUBS DEC DEC

CMP

A.3 Number of States 720 Note amended

Required for Execution *1 Not available in the H8/3048B Series.
Table A.4 Number of
Cycles per Instruction

Appendix B Internal /O 721 Table amended

Register H8/3048B
Table B.1 Comparison of Mask ROM
H8/3048 Series Internal Version
I/O Register Specifications —
B.1 Addresses (For 722 Title amended

H8/3048F-ONE, H8/3048B

) Addresses (For H8/3048F-ONE, H8/3048B Mask ROM
Mask ROM Version)

Version)
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B.2 Addresses (For 734 to
H8/3048F, H8/3048ZTAT, 736 wAe RSTCSR 8 wRer  ReToE —  —  —  _  _  _
H8/3048 MaSk-ROM! HAC RFSHCR 8 SRFMD PSRAME DRAME CAS/WE M9/M8 RFSHE —_ RCYCE  Refresh
H8/3047 MaSk-ROM’ HAD RTMCSR 8 CMF CMIE CKs2 CKs1 CKS0 — — — conreter
H8/3045 Mask-ROM, and
H8/3044 Mask-ROM
VerSIOnS) HBO SMR 8 C/K/GM CHR PE OE STOP MP CKs1 CKs0 SCl channel 0
HB1 BRR 8
HB2 SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
HB3 TDR 8
HB4 SSR 8 TDRE RDRF ORER E;zl PER TEND MPB MPBT
HB5 RDR 8
HB6 SCMR 8 — — — — SDIR SINV — SMIF
H'B7
HB8 SMR 8 C/A CHR PE OE STOP MP CKs1 CKso SCl channel 1
HD4 PBDDR 8 PB;DDR PBsDDR PBsDDR PB,DDR PB;DDR PB,DDR PB;DDR PB)DDR PortB
HD5 — — — — — — — — —
HD6 PBDR 8 PB7 PBs PBs PB4 PBs. PBz PB; PBo Port B
HD7 — — — — — — — — —
HD8 P2PCR 8 P2PCR P2PCR P2PCR P2PCR P2PCR P2PCR P2,PCR P2PCR Port2
HD9 — — — — — — — — —
B.3 Function 755 Note amended

FLMCR—Flash Memory
Control Register

H8/3048F Include this register

H8/3048F-ONE
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

H8/3048B mask ROM version | Not include this register

FLMCR1—Flash Memory 756
Control Register 1

Note amended

H8/3048F-ONE Include this register

H8/3048B mask ROM version | Not include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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Section

Page

Description

B.3 Function

FLMCR2—Flash Memory
Control Register 2

EBR1—Erase Block
Register 1

EBR—Erase Block
Register

EBR2—Erase Block
Register 2

757

Note amended

H8/3048F-ONE

Include this register

H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

H8/3048B mask ROM version| Not include this register

758

Note amended

H8/3048F

Include this register

H8/3048F-ONE
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version

H8/3044 mask ROM version

H8/3048B mask ROM version | Not include this register

759

Note amended

H8/3048F-ONE

Include this register

H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

H8/3048B mask ROM version | Not include this register

760

Note amended

H8/3048F

Include this register

H8/3048F-ONE
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

H8/3048B mask ROM version | Not include this register
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Section Page Description

B.3 Function 761 Note amended

RAMCR—RAM Control

Register ontro H8/3048F-ONE Include this register
H8/3048B mask ROM version| Not include this register
H8/3048F
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

RAMCR—RAM Control 762 Bit 7 6 5 4
Register

e — T T
Initial value 0 1 1 1
R/W R/W - - -
-

RSTCSR—Reset 791 Note amended
Control/Status Register

H8/3048F-ONE Not include this register

H8/3048B mask ROM version| Include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

RSTCSR—Reset 792 Note amended

Control/Status Register
H8/3048F-ONE Include this register
H8/3048B mask ROM version | Not include this register
H8/3048F
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

RFSHCR—Refresh 793 Bit 7 6 5 4 3 2 1 0
Control Register | SRFMD |PSRAME DRAME [CASMWE| Mo/MB | RFSHE | — | RCYCE |
Initial value 0 0 0 0 0 0 1
ReadWrite =~ RW RW RW RW RW RW  —  RW
T T ~TI1 T T T
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Section Page Description

B.3 Function 796 Bit 7 6 5 7 3 2 1 0
SMR—Serial Mode CAarGMY cHr | PE | OfE [stop | mP | ckst | ckso |
: Initial value 0 0 0 0 0 0 0 0

Register

Read/Write R/W RIW R/W R/W R/W R/W R/W R/W
- -r T ~—T T —T 1T

Note added

Note: * The function of this bit differs for the normal serial
communication interface and for the smart card
interface. Its function is switched with the SMIF bit in

SCMR.
SMR—Serial Mode 802 Bit 7 6 5 4 3 2 1 0
Register [ leiA | cvr [ Pe | ofE [ stop | mp | ckst | ckso |
Initial value 0 0 0 0 0 0 0 0

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

Note added

ADCR—A/D Control 816 Note amended
Register

H8/3048F-ONE Not include this register
H8/3048B mask ROM version

H8/3048F Include this register
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

ADCR—A/D Control 816 Note amended
Register

H8/3048F-ONE Include this register
H8/3048B mask ROM version

H8/3048F Not include this register
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

SYSCR—System Control 820 Bits 6 to 4
Register Description of H8/3048B mask ROM version added

IER—IRQ Enable 821 g .

3 2
Register ‘ — ‘ ‘ IRQSE ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQIE ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
I
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Section Page Description
C.8 Port 8 Block 836
Diagrams
Figure C.8 (c) Port8 — Mode 7
Block Diagram (Pin P8,) {7877
—— Mode 1 to 6
D.1 Port States in Each 849
Mode Clock output
Table D.1 Port States RESO
A7 to Ao
Input port
(DDR =0)
A7 to Ao
(DDR =1)
Appendix F Product 856 H8/3048B added
COde Lineup Classification of Products
Table F.1 H8/3048 Series Product | Type of | Powersupply | ProductCode | MarkCode | D0 o
Product Code Lineup Type ROM | Specifications
H8/3048B | Mask 5V version HD6433048BTE 100-pin TQFP (TFP-100B)
\'/qec:'s\iﬂon HD6433048BF 100-pin QFP (FP-100B)
3V version HD6433048BVTE 100-pin TQFP (TFP-100B)
HD6433048BVF 100-pin QFP (FP-100B)
Appendix G Package 858 Description amended

Dimensions

Figure G.1 shows the FP-100B package dimensions of the
H8/3048B Series.
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Section 1 Overview

1.1 Overview

The H8/3048B Series is a series of microcontrollers (MCUs) that integrate system supporting
functions together with an H8/300H CPU core having an original Hitachi architecture. In addition,
the H8/3048F-ONE is equipped with an on-chip emulator (E10T)*?.

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

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

The H8/3048B Series has 128 kbytes of on-chip ROM and 4 kbytes of on-chip RAM.

Seven MCU operating modes offer a choice of data bus width and address space size. The modes
(modes 1 to 7) include one single-chip mode and six expanded modes.

In addition to mask ROM products, the H8/3048B Series includes F-ZTAT™*! version products
with on-chip user-programmable flash memory. It enables users to respond quickly and flexibly to
changing application specifications as well as to conditions when ramping up from initial to full
volume production. The on-chip emulator (E10T)*? is capable of direct emulation of the
microcontroller when mounted in the user’s system, thereby making possible on-board program
debugging.

Table 1.1 summarizes the features of the H8/3048B Series.

Notes: *1 F-ZTATO (Flexible ZTATO) is a trademark of Hitachi, Ltd.
*2 An on-chip emulator (E10T) is not provided in the mask ROM version.
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Table 1.1 Features

Feature Description

CPU Upward-compatible with the H8/300 CPU at the object-code level
¢ General-register machine
O Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers + eight 16-bit registers or eight 32-
bit registers)
* High-speed operation (flash memory version)
O Maximum clock rate: 25 MHz
O Add/subtract: 80 ns
O Multiply/divide: 560 ns
* 16-Mbyte address space
¢ Instruction features
O 8/16/32-bit data transfer, arithmetic, and logic instructions
O Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16
bits)
O Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16
bits)
O Bit accumulator function

O Bit manipulation instructions with register-indirect specification of bit
positions

Memory ¢ ROM: 128 kbytes
«  RAM: 4 kbytes

Interrupt ¢ Seven external interrupt pins: NMI, IRQo to IRQs

controller e 30 internal interrupts

¢ Three selectable interrupt priority levels

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

*  Chip select output available for areas 0 to 7

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

« Two-state or three-state access selectable for each area
« Selection of four wait modes

« Bus arbitration function
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Feature

Description

Refresh
controller

DRAM refresh

O Directly connectable to 16-bit-wide DRAM
O CAS-before-RAS refresh

O Self-refresh mode selectable
Pseudo-static RAM refresh

O Self-refresh mode selectable

Usable as an interval timer

DMA controller
(DMAC)

3

Short address mode
O Maximum four channels available
O Selection of /0 mode, idle mode, or repeat mode

O Can be activated by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from
SCI channel 0, or external requests

Full address mode
0 Maximum two channels available
O Selection of normal mode or block transfer mode

O Can be activated by compare match/input capture A interrupts from ITU
channels 0 to 3, external requests, or auto-request

16-bit integrated
timer unit (ITU)

Five 16-bit timer channels, capable of processing up to 12 pulse outputs or
10 pulse inputs

16-bit timer counter (channels 0 to 4)

Two multiplexed output compare/input capture pins (channels 0 to 4)
Operation can be synchronized (channels 0 to 4)

PWM mode available (channels 0 to 4)

Phase counting mode available (channel 2)

Buffering available (channels 3 and 4)

Reset-synchronized PWM mode available (channels 3 and 4)
Complementary PWM mode available (channels 3 and 4)

DMAC can be activated by compare match/input capture A interrupts
(channels 0 to 3)

Programmable
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using ITU as time base

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit groups)
Non-overlap mode available

Output data can be transferred by DMAC
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Feature Description

Watchdog timer « Reset signal can be generated by overflow
(WDT), e Usable as an interval timer

1 channel

Serial » Selection of asynchronous or synchronous mode

communication
interface (SCI),
2 channels

Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator
Smart card interface functions added (SCIO only)

A/D converter

Resolution: 10 bits

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

A/D conversion can be externally triggered

D/A converter

Resolution: 8 bits
Two channels

D/A outputs can be sustained in software standby mode

I/0 ports e 70 input/output pins
¢ 8 input-only pins

Operating ¢ Seven MCU operating modes

modes Mode Address Space  Address Pins  Initial Bus Width  Max. Bus Width
Mode 1 1 Mbyte A to Ag 8 bits 16 bits
Mode 2 1 Mbyte A to Ay 16 bits 16 bits
Mode 3 16 Mbytes Ags to Ay 8 bits 16 bits
Mode 4 16 Mbytes Agz to Ag 16 bits 16 bits
Mode 5 1 Mbyte Asg to Ay 8 bits 16 bits
Mode 6 16 Mbytes Ags to Ay 8 bits 16 bits
Mode 7 1 Mbyte — — —

On-chip ROM is disabled in modes 1 to 4
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Feature Description
Power-down « Sleep mode
state
» Software standby mode
¢ Hardware standby mode
¢ Module standby function
* Programmable system clock frequency division
Other features ¢ On-chip clock pulse generator

Product lineup

Model (5 V) Model (3 V) Package ROM  Remarks
HD64F3048BTE HDG64F3048BVTE 100-pin TQFP (TFP-100B)  Flash  E10T is
HD64F3048BF  HD64F3048BVF  100-pin QFP (FP-100B) memory installed

HD6433048BTE HDG6433048BVTE 100-pin TQFP (TFP-100B) Mask  E10T is not

HD6433048BF HD6433048BVF  100-pin QFP (FP-100B)

ROM installed
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1.2

Block Diagram

Figure 1.1 shows an internal block diagram.
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Notes:

*1 This pin functions as the FWE (input) pin on the H8/3048F-ONE (single power supply on-chip flash memory version). On
H8/300H Series versions with on-chip mask ROM it functions as the RESO (output) pin, and on dual power supply flash

memory versions (Vpp = 12 V) and on-chip PROM versions it functions as the RESO (output)/Vpp (input) pin.

*2 Pin 1 on the H8/3048B Series which operates at 5 V is not used as the V¢ terminal, but is used as the V¢, terminal; the

external capacitor must be connected. Pin 1 is the V¢ pin on versions that operate on 3 V.

Figure 1.1 Block Diagram
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1.3

1.3.1
Figure 1

The pin

Pin Description

Pin Arrangement
.3 shows the pin arrangement of the H8/3048B Series.

arrangement of the H8/3048B Series is shown in figure 1.3. Differences in the H8/3048

Series pin arrangements are shown in table 1.2. The 5 V operation models of the H8/3048B Series
have a V¢ pin. The 3 V operation models of the H8/3048B Series have pin 1, which is the V¢
power supply pin. See section 1.4, Notes on H8/3048F-ONE. Except for the differences shown in
table 1.2, the pin arrangements are the same.

Table 1.2  Comparison of H8/3048B Series and H8/3048 Series Pin Arrangements
H8/3048F-ONE H8/30488
Mask ROM Version H8/3048 | H8/3047 | H8/3045 | H8/3044
Pin H8/3048 | Mask Mask Mask Mask
Package
9 |Number o 5Vt_ o 3Vt, o 5Vt_ o 3Vt, H8/3048F ,raT | RoM | ROM | ROM | ROM
peration Operation Operation| Operation Version | Version | Version | Version
Model Model Model Model
FP-100B 1 VCL VCC VCL VCC VCC VCC VCC VCC VCC VCC
(TFP-100B
10 FWE FWE RESO RESO Vel Vel | RESO | RESO | RESO | RESO
RESO RESO
N 1 (Vo) N 1(Veo)
Vee
H8/3048B Series and H8/3048F-ONE H8/3048B Series and H8/3048F-ONE

5 V operation model 3 V operation model and H8/3048 Series

Figure 1.2 Connection of Pin 1
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P73/AN; [] 81 457 AglP2g
P74/AN, ] 82 447 Vss
P75/ANs [] 83 43 [ A7/P17
P7¢/ANg/DA, ] 84 427 Ag/P1g
P77/AN,/DA; ] 85 417 As/P15
AVss [] 86 Top view 40 [ A4/P1,
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P8,/CS,RQ, [ 88 (FP-100B, TFP-100B) 38 AJP1,
P8,/CS,/IRQ, ] 89 37 [ A4/P14
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P8,4/CS, [] 91 35 Vee
Vss [ 92 347 D45/P37
PA/TP/TENDy/TCLKA ] 93 33 ] Dy4/P3g
PA4/TP4/TEND4/TCLKB [] 94 321 D43/P35
PALITP,/TIOCAG/TCLKC ] 95 31 [ D4o/P3y
PA3/TP3/TIOCB,/TCLKD ]| 96 30 D44/P33
PA4/TP4/TIOCA/A23/CSg [] 97 29[ D1o/P3,
PAs/TP5/TIOCB/A25/CS5s [] 98 28 [] Dg/P34
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Notes: *1 For the 5 V operation product, this pin is used as the V¢ terminal, and for the 3 V operation
models, this pin is used as the V¢ _terminal that requires an external capacitor.

*2 (1) Pin 10 of the H8/3048F-ONE (single power supply version) functions as the FWE pin. The
H8/3048F-ONE has no RESO output. Pin 10 functions as the RESO pin in on-chip mask ROM
versions and as the RESO/Vpp pin in on-chip PROM versions and dual power supply flash
memory versions.

(2) Do NOT apply 12 V to the H8/3048F-ONE (single power supply), or to H8/3048 Series or
H8/3048B Series mask ROM products as the chip will be destroyed.

Figure 1.3 H8/3048B Series Pin Arrangement (FP-100B or TFP-100B, Top View)
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1.3.2 Pin Assignments in Each Mode
Table 1.3 lists the pin assignments in each mode.

Table 1.3  Pin Assignments in Each Mode (FP-100B or TFP-100B)

Pin Name
. PROM Mode
Pin -
No. Mode1 Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
1™ Vor(Veo) Ver(Vee) Ver(Voe) Ver(Vee) Vor(Veo) Voo (Veo) Veu(Voe) — \ Flash
(Vec)  memory
version
with
single
power
supply.
H8/3048
B mask-
ROM
version
VCC VCC VCC VCC VCC VCC VCC VCC VCC H8/3048
Series,
Mask
ROM
version,
PROM
version
and flash
memory
version
with dual
power
supply.
2 PBo/TPs/ PBo/TPs/ PBo/TPs/ PBo/TPs/ PBo/TPs/ PBo/TPs/ PBo/TPs/ NC NC
TIOCA; TIOCA; TIOCA; TIOCA; TIOCA; TIOCA; TIOCA;
3 PB4/TPy/ PB4/TPy/ PB4/TPy/ PB4/TPy/ PB4/TPy/ PB4/TPy/ PB4/TPy/ NC NC
TIOCB; TIOCB; TIOCB; TIOCB; TIOCB; TIOCB; TIOCB;
4 PB,/TP1o/ PB2/TP1o/ PBa/TP1o/ PB2/TP1o/ PBa/TP1o/ PB2/TP1o/ PBL/TP1/ NC NC
TIOCA; TIOCA, TIOCA; TIOCA,; TIOCA; TIOCA; TIOCA,
5 PB3/TP11/ PB3/TP14/ PB3/TP11/ PB3/TP44/ PB3/TP44/ PB3/TP41/ PB3/TP41/ NC NC
TlOCB, TIOCB, TIOCB, TIOCB, TIOCB; TIOCB, TIOCB,
6 PB4/TP12/ PB4/TP1s/ PB4/TP1a/ PB4/TP1s/ PB4TP1a/ PB4TP1/ PB4TP1/ NC NC
TOCXA; TOCXA, TOCXA; TOCXA, TOCXA; TOCXA; TOCXA,;
7 PBs/TP13/ PBs/TP13/ PBs/TP13/ PBs/TP13/ PBs/TP13/ PBs/TP43/ PBs/TP43/ NC NC
TOCXB; TOCXB, TOCXB, TOCXB, TOCXB, TOCXB, TOCXB,
8 PBs/TP14/ PBg/TP14/ PBg/TP14/ PBs/TP14 PBg/TP14/ PBg/TP14/ PBs/TP14/ NC NC
DREQs DREQ./ DREQs DREQs/ DREQs DREQd/ DREQo
CS; CS CS; CS; CS; CS;
9 PB-/TP+s/ PB./TP:s/ PB-/TPs/ PB-/TP:s/ PB+/TPs/ PB-/TP4s/ PB:/TPs/ NC NC

DREQ./ DREQ. DREQ: DREQ:/ DREQ+ DREQ:/ DREQy/
ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG
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Pin Name

Pin PROM Mode
No. Mode1 Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
10" FWE FWE FWE FWE FWE FWE FWE — FWE Flash
memory
version
with
single
power
supply.
RESO RESO RESO RESO RESO RESO RESO Ve Vpp Mask
ROM
version,
PROM
version
and flash
memory
version
with dual
power
supply.
1 1 VSS VSS VSS VSS VSS VSS VSS VSS VSS
12 P9y/TxDy P9y/TxDy P9/TxDy P9y/TxDo P9¢/TxDy P9y/TxDy P9y/TxDy NC NC
13 P94TxD; P9,/TxD; P94/TxD; P9:/TxD; P9./TxD; P94/TxD; P9,/TxD; NC NC
14 P9,/RxDy P9,/RxDy P9/RxDy P9,/RxDy P9,/RxDy P9/RXDy P9,/RxDy NC NC
15  P9y/RxD; P9s/RxD; P9y/RxD; P9s/RxD; P9s/RxD; P9i/RxD; P9s/RxD; NC NC
16 P94/SCKo P94/SCKo P9J/SCK, P9J/SCK, P94/SCK, P9./SCK, P9./SCK, NC NC
/IRQ4 /IRQ4 /IRQ4 /IRQ4 /IRQ4 /IRQ4 /IRQ4
17 P95/SCK; P95/SCK; P95/SCK; P9s/SCK; P9s/SCK; P9s/SCK; P9s/SCK; NC NC
TRQs MIRQs TRQs /IRQs TRQs /IRQs TRQs
18 P4o/De™" P4o/Do*?  P4e/Do™" P4o/Do*?  P4o/Do™'  P4o/De™' P4 NC NC
19  P44D*" P4,/D:** P44D;*" P44D;** P4,/D*" P4/D* P4, NC NC
20 P4,/D,"" P4,iD,*?  P4,/D,*' P4,D.*? P4,/D,*' P4,/D,*! P4, NC NC
21 P4yDs™" P43/Ds*?  P4yDs*' P4s/Ds™?  P44/Ds*' P4y/D;*! P4, NC NC
22 VSS VSS VSS VSS VSS VSS VSS VSS VSS
23 P4,4D,*" P44D,? P4,D*' P44D,? P44D. P44DT P4, NC NC
24 P4g/Ds™" P4s/Ds?  P4s/Ds’' P4s/Ds™?  P4s/Ds* P4s/Ds™! Pés NC NC
25  P4g/Ds™" P4e/Dg™? Pde/Ds’! P4e/Ds™> Pde/Ds*' Pde/Ds™! P NC NC
26 P4,D;*" P4,D;** P4,D;*' P4,4D;** P4,D;*" P4,D;*" P4, NC NC
27  Ds Ds Ds Ds Ds Ds P3, EO, 1/0o
28  Ds Do D Do D Do P3, EO; 1/04
29 D1 D1o D1o D1o D1o D1o P3. EO: 1102
30 Dy D14 D14 D14 D14 D14 P33 EO; 1/03

Rev. 2.0, 02/03, page 10 of 860

RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Pin Name

Pin PROM Mode
No. Mode1 Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
31 D D12 D12 D12 D12 D12 P34 EO,4 1/04
32 D D13 D13 D13 D13 D13 P3s EOs 1/0s
33 Du D14 D14 D14 D14 D14 P3s EOs 1/06
34  Dss Dis D1s Dis D1s Dis P37 EO; 1107
35 VCC VCC VCC VCC VCC VCC VCC VCC VCC
36 Ao Ao Ao Ao P1o/Ao P1o/Ao P1o EA, Ao
37 A4 Aq A4 Ay P14/A4 P14/A4 P14 EA, A4
38 A A, Ay A, P12/A; P12/A; P12 EA; Ay
39 A; Az Az Az P1s/As P13/As P13 EA; Az
40 A4 A4 As A4 P14/A4 P14/A4 P14 EA4 As
41 As As As As P1s/As P1s/As P1s EAs As
42 As As As As P16/As P16/As P1s EAs As
43 As A7 Az A7 P17/1A; P17/A; P17 EA; A
44 Vss Vss Vss Vss Vss Vss Vss Vss Vss
45  As As As As P2q/As P2/As P2, EAs As
46 Ao Ag Ay Ag P24/Aq P24/Aq P2, OE OE
47 A Ao At Ao P2:/A10  P2/A10 P2 EA1o At
48  Ag A A A P2s/A11 P23/A1 P23 EA1 A
49  Ap Arz Arz Arz P2JA12  P2iA12 P24 EAq2 Arz
50 Ags Az Atz Az P2s/A13  P2s/A13 P25 EAss Atz
51 Au Aug Aug Ay P2s/A14s  P2/A1s P2 EA14 Aug
52 A Ais Ass Ais P2:/As  P2;/As P2 CE CE
53 A16 A1S A16 A1S P50/A16 P50/A15 P50 VCC VCC
54 A Aiz A1z Air P5i/A17;  P54A17; P54 Vee Vee
55 Ags Asg Asg Asg P5,/A1s  P5)/As  P5; NC NC
56  Agg Aqg A1 Aqg P53/A1g  P53/A1e  P5; NC NC
57  Vss Vss Vss Vss Vss Vss Vss Vss Vss
58 P6o/ P6o/ P6o/ P6o/ P6o/ P6o/ P6, EAss Ass
WAIT WAIT WAIT WAIT WAIT WAIT
59 P64/ P64/ P64/ P64/ P64/ P64/ P6, NC NC
BREQ BREQ BREQ BREQ BREQ BREQ
60 P6,/ P6,/ P6,/ P6,/ P6,/ P6,/ P6, NC NC
BACK BACK BACK BACK BACK BACK
61 o @ ¢ ¢ ® ® ¢ NC NC

62 STBY STBY STBY STBY STBY STBY STBY Vss Vee
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Pin Name

Pin PROM Mode
No. Mode1 Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
63 RES RES RES RES RES RES RES NC RES
64 NMI NMI NMI NMI NMI NMI NMI EAs Ay
65 VSS VSS VSS VSS VSS VSS VSS VSS VSS
66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL NC EXTAL
67 XTAL XTAL XTAL XTAL XTAL XTAL XTAL NC XTAL
68 VCC VCC VCC VCC VCC VCC VCC VCC VCC
69 AS AS AS AS AS AS P6; NC Asg
70 RD RD RD RD RD RD P64 NC NC
71 HWR HWR HWR HWR HWR HWR P6s NC Vee
72  LWR LWR LWR LWR LWR LWR P6s NC NC
73 MDo MDq MDo MDq MDg MDq MDg Vss Vss
74 MDD, MD; MD; MD; MD; MD; MD; Vss Vss
75 MD, MD, MD, MD, MD, MD, MD, Vss Vss
76 AVCC AVCC AVCC AVCC AVCC AVCC AVCC VCC VCC
77 VREF VREF VREF VREF VREF VREF VREF VCC VCC
78  P70/ANg P70/ANy P70/ANg  P70/ANg  P70/ANg  P70/ANg P70/AN, NC NC
79  P74/AN; P7,/AN; P74AN; P7:/AN; P74AN; P7/AN; P7,//AN; NC NC
80  P7 AN, P7./AN; P7,/AN, P7,/AN, P7:/AN, P7,/AN, P7,/AN, NC NC
81  P73AN; P75/AN; P73/AN; P73/ANs  P73/ANs  P73/AN;  P75/AN;  NC NC
82  P74AN; P74AN, P74ANs P74ANs P74ANs P74ANs P74AN,; NC NC
83 P75/ANs P75/ANs P75/ANs P75/ANs P75/ANs P75/ANs P75/ANs NC NC
84  P75/AN¢/ P7s/ANg/ P7¢/ANe/ P76/ANg/ PT7¢/ANe/ P75/ANs/ P7¢/ANg/ NC NC
DA, DAy DA, DAy DA, DAy DA,
85  P7:;/AN; P7:/AN;/ P7:;/AN; P7:/AN7/ P7:/AN; P7:AN: P77/AN;/ NC NC
DA, DA, DA, DA, DA, DA, DA,
86  AVss AVss AVss AVss AVss AVss AVss Vss Vss
87 P8¢ P8/ P8o/ P8/ P8o/ P8/ P8y/IRQy EAss NC
RFSH/  RFSH/  RFSH/  RFSH/  RFSH/  RFSH/
IRQo IRQo IRQo IRQo IRQo IRQo
88 &1/@3/ @@3/ &1/@3/ @@3/ &1/@3/ @@3/ P8:/IRQ; PGM NC
IRQ4 IRQ4 IRQ4 IRQ4 IRQ4 IRQ4
89 &2/@2/ @Ez/ &2/@2/ @Ez/ &2/@2/ @Ez/ P8,/IRQ, NC Vee
IRQ> IRQ> IRQ> IRQ> IRQ> IRQ>
90 &3/@1/ @Ed &3/@1/ @Ed &3/@1/ @Ed P8:IRQ; NC WE
IRQ3 IRQ3 IRQ3 IRQ3 IRQ3 IRQ3
91 P8,CS, P8,CS, P8,/CS, P8.,CS, P8,/CS, P8,CS, P8, NC NC
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Pin
No.

Pin Name

PROM Mode

Mode1 Mode2 Mode3 Moded4 Mode5 Mode6 Mode7 EPROM Flash Remarks

92

VSS

VSS VSS VSS VSS VSS VSS VSS VSS

93

PAJTPo  PAWJTPo/ PAJTPo PAJTPo/ PAJTPo PAJTPo/ PAJTPy NC NC

TENDo/ TENDy TENDo/ TENDy¢ TENDo TENDo  TENDo/
TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA

94

PAJTP+/ PAJTP4/ PAJTP4  PA4TP4/ PATPy PAJTP4 PA4TP4 NC NC

TEND+/ TEND./ TENDs TEND: TEND4 TEND: TEND+/
TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB

95

PATPo/  PA[TP2/  PATP2  PATPal  PATPa PATPo/ PA/TP2/ NC NC
TIOCAs/ TIOCA/ TIOCAyJ TIOCA TIOCAYy TIOCAY TIOCAY
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC

96

PAs/TP3s/ PAs/TP3s/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ NC NC
TIOCBy/ TIOCBy TIOCBy TIOCBy TIOCBy TIOCBy TIOCBy
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD

97

PAJTPJ PAJTPJ PAJTP)/ PAJTP/ PAJTP/ PAJTPJ PAJTPJ NC  NC
TIOCAJ/ TIOCA/ TIOCAJ/ TIOCA/ TIOCAJ/ TIOCA/ TIOCA,

CSe

CSs CSe CSs CSe Ax/CSs

98

PASTPs PASTPs PAJTPs PASTPs PAJTPs PASTPs PAJTPs NC  NC
TIOCB/ TIOCBy/ TIOCB/ TIOCBy/ TIOCBy/ TIOCBy/ TIOCB;

CSs

CSs CSs CSs CSs A2/CSs

99

PAS/TPs/ PAsTPs/ PAsTPs/ PAsTPs/ PAJTPs PAJTPsd PAJTPd NC  NC
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA,/ TIOCA,

CS,

CS, CS, CS, CS, A»/CS,

100

PA:[TPzl PAJTP2 Ax Az PAZITPz Ax PA:/TPz/  NC NC
TIOCB, TIOCB: TIOCB; TIOCB;

Notes: Pins marked NC should be left unconnected.

For details on PROM mode see section 18, ROM (H8/3048F-ONE: Single Power Supply,
H8/3048B Mask ROM Version).

*1

*2

*3

*4

In modes 1, 3, 5, and 6 the P4 to P47 functions of pins P4¢/Dy to P47/D7 are selected
after a reset, but they can be changed by software.

In modes 2 and 4 the Do to D7 functions of pins P4¢/Do to P47/D7 are selected after a
reset, but they can be changed by software.

For the H8/3048B Series which operates at 5 V, this pin is also used as the V¢,
terminal, and for those at 3 V, V¢ terminal. For the H8/3048 ZTAT version, H8/3048F
version, H8/3048 mask ROM version, H8/3047 mask ROM version, H8/3045 mask
ROM version, and H8/3044 mask ROM version, this pin is also used as the V¢c
terminal.

This pin functions as the FWE pin on the single power supply on-chip flash memory
version. Under no circumstances should 12 V be applied to the single power supply on-
chip flash memory version (H8/3048F-ONE), or to H8/3048 Series or H8/3048B Series
mask ROM products. Doing so will destroy the chip. This pin functions as an overview
control signal in modes 5, 6, and 7. The pin functions as the RESO pin in on-chip mask
ROM versions, on-chip PROM versions, and dual power supply flash memory versions.
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1.3.3 Pin Functions

Table 1.4 summarizes the pin functions. For the H8/3048B Series which operates at 5 V, the
external capacitor is required for the V¢ pin.

Table 1.4  Pin Functions

Type Symbol Pin No. 110 Name and Function

Power Vce 1*1 35, 68 Input Power: For connection to the power supply.
Connect all Vcc pins to the system power
supply.

Vss 11, 22,44, Input Ground: For connection to ground (0 V).
57, 65, 92 Connect all Vss pins to the 0-V system

power supply.

Internal step- Vel 1% Output  The external capacitor must be connected

down pin between the V¢ and GND (0 V). Do not

connect to Vce.

Veu

0.1 uF
7

Clock XTAL 67 Input For connection to a crystal resonator.
For examples of crystal resonator and
external clock input, see section 19, Clock
Pulse Generator.

EXTAL 66 Input For connection to a crystal resonator or
input of an external clock signal. For
examples of crystal resonator and external
clock input, see section 19, Clock Pulse
Generator.

(0] 61 Output  System clock: Supplies the system clock
to external devices.

Operating mode MD,to MDy 75to 73 Input Mode 2 to mode 0: For setting the
control operating mode, as follows. Inputs at these
pins must not be changed during operation.

MD; MD; MD, Operating Mode

0 0 0 —

0 0 1 Mode 1
0 1 0 Mode 2
0 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
1 1 0 Mode 6
1 1 1 Mode 7
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Type Symbol Pin No. 110 Name and Function
System control RES 63 Input Reset input: When driven low, this pin
resets the chip

RESO 10 Output Reset output: For the mask ROM version,
outputs a reset signal to external devices
Also used as a power supply for on-board

(RESO/Vep) programming of the flash memory version
with dual power supply.

FWE* 10 Input Write enable signal: Write-control signal
for writing to flash memory for the flash
memory version with single power supply

STBY 62 Input Standby: When driven low, this pin forces a
transition to hardware standby mode

BREQ 59 Input Bus request: Used by an external bus
master to request the bus right

BACK 60 Output  Bus request acknowledge: Indicates that
the bus has been granted to an external bus
master

Interrupts NMI 64 Input Nonmaskable interrupt: Requests a
nonmaskable interrupt

IRQs to 17, 16, Input Interrupt request 5 to 0: Maskable

IRQo 90 to 87 interrupt request pins

Address bus Azz to Ao 97 to 100, Output Address bus: Outputs address signals
56 to 45,
43 to 36
Data bus D1s to Do 34 to 23, Input/ Data bus: Bidirectional data bus
211018 output
Bus control CS;t0 CSp 8,97t099, Output Chip select: Select signals for areas 7 to 0
88 to 91

AS 69 Output Address strobe: Goes low to indicate valid
address output on the address bus

RD 70 Output  Read: Goes low to indicate reading from
the external address space

HWR 71 Output  High write: Goes low to indicate writing to
the external address space; indicates valid
data on the upper data bus (D15 to Dsg).

LWR 72 Output  Low write: Goes low to indicate writing to
the external address space; indicates valid
data on the lower data bus (D7 to Dy).

WAIT 58 Input Wait: Requests insertion of wait states in

bus cycles during access to the external
address space
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Type Symbol Pin No. 110 Name and Function
Refresh RFSH 87 Output  Refresh: Indicates a refresh cycle
controller CS; 88 Output Row address strobe RAS: Row address
strobe signal for DRAM connected to area 3
RD 70 Output  Column address strobe CAS: Column
address strobe signal for DRAM connected
to area 3; used with 2WE DRAM.
Write enable WE: Write enable signal for
DRAM connected to area 3; used with
2CAS DRAM.
HWR 71 Output  Upper write UW: Write enable signal for
DRAM connected to area 3; used with 2WE
DRAM.
Upper column address strobe UCAS:
Column address strobe signal for DRAM
connected to area 3; used with 2CAS
DRAM.
LWR 72 Output  Lower write LW: Write enable signal for
DRAM connected to area 3; used with 2WE
DRAM.
Lower column address strobe LCAS:
Column address strobe signal for DRAM
connected to area 3; used with 2CAS
DRAM.
DMA controller DREQ;q, 9,8 Input DMA request 1 and 0: DMAC activation
(DMAC) DREQo requests
TEND+, 94,93 Output Transfer end 1 and 0: These signals
TENDg indicate that the DMAC has ended a data
transfer
16-bit integrated TCLKDto 96 to 93 Input Clock input D to A: External clock inputs
timer unit (ITU) TCLKA
TIOCAsto 4, 2,99, Input/ Input capture/output compare A4 to A0:
TIOCAo 97, 95 output  GRA4 to GRAO output compare or input
capture, or PWM output
TIOCBsto 5, 3, 100, Input/ Input capture/output compare B4 to BO:
TIOCBg 98, 96 output  GRB4 to GRBO output compare or input
capture
TOCXA4 6 Output  Output compare XA4: PWM output
TOCXBg4 7 Output  Output compare XB4: PWM output

Rev. 2.0, 02/03, page 16 of 860

RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Type Symbol Pin No. 110 Name and Function
Programmable TPisto TPy 9to 2, Output  TPC output 15 to 0: Pulse output
timing pattern 100 to 93
controller (TPC)
Serial TxD4, TXDo 13, 12 Output  Transmit data (channels 0 and 1):
communication SCI data output
interface (SCI) RxD+, RxDo 15, 14 Input Receive data (channels 0 and 1):
SCI data input
SCK1, SCKo 17, 16 Input/ Serial clock (channels 0 and 1):
output  SCI clock input/output
A/D converter AN7to ANp 85to 78 Input Analog 7 to 0: Analog input pins
ADTRG 9 Input AID trigger: External trigger input for
starting A/D conversion
D/A converter DA+, DAg 85, 84 Output  Analog output: Analog output from the D/A
converter
A/D and D/A AVcc 76 Input Power supply pin for the A/D and D/A
converters converters. Connect to the system power
supply (+5 V) when not using the A/D and
D/A converters.
AVss 86 Input Ground pin for the A/D and D/A converters.
Connect to system ground (0 V).
VRer 77 Input Reference voltage input pin for the A/D and
D/A converters. Connect to the system
power supply (+5 V) when not using the A/D
and D/A converters.
I/O ports P17toP1o 431036 Input/ Port 1: Eight input/output pins.
output  The direction of each pin can be selected in
the port 1 data direction register (P1DDR).
P2;to P2, 52to45 Input/ Port 2: Eight input/output pins.
output  The direction of each pin can be selected in
the port 2 data direction register (P2DDR).
P37to P3o 34to27 Input/ Port 3: Eight input/output pins.
output  The direction of each pin can be selected in
the port 3 data direction register (P3DDR).
P47to P4y 26 to 23, Input/ Port 4: Eight input/output pins.
211018 output  The direction of each pin can be selected in
the port 4 data direction register (P4DDR).
P53to P5o 56 to 53 Input/ Port 5: Four input/output pins. The direction
output  of each pin can be selected in the port 5

data direction register (P5DDR).
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Type Symbol Pin No. 110 Name and Function

I/O ports P6s to P6o 72 to 69, Input/ Port 6: Seven input/output pins. The
60 to 58 output  direction of each pin can be selected in the
port 6 data direction register (P6DDR).

P7;toP7¢ 85t0 78 Input Port 7: Eight input pins

P84to P8y 91to 87 Input/ Port 8: Five input/output pins. The direction
output  of each pin can be selected in the port 8
data direction register (P8DDR).

P9sto P9y 17to12 Input/ Port 9: Six input/output pins. The direction
output  of each pin can be selected in the port 9
data direction register (P9DDR).

PA7 to PA; 100 to 93 Input/ Port A: Eight input/output pins. The
output  direction of each pin can be selected in the
port A data direction register (PADDR).

PB7to PBy 9to2 Input/ Port B: Eight input/output pins. The
output  direction of each pin can be selected in the
port B data direction register (PBDDR).

Notes: *1 For H8/3048 Series products and H8/3048B Series models operating at 3 V.
*2 For the H8/3048B Series which operates at 5 V.
*3 Do NOT apply 12 V to the H8/3048B Series as the chip will be destroyed.

1.4 Notes on H8/3048F-ONE (Single Power Supply)

There are two models of the H8/3048F-ZT AT with on-chip flash memory: a dual power supply
model (H8/3048F) and single power supply model (H8/3048F-ONE). Points to be noted when
using the single power supply H8/3048F-ONE are given below.

14.1 Voltage Application

12 V must not be applied to the H8/3048F-ONE (single power supply), as this will permanently
damage the device.

The flash memory programming power source for the H8/3048F-ONE (single power supply) is
Vee.

The programming power source for the dual power supply model was the Vpp pin (12 V), but there
is no Vpp pin in the single power supply models. In the H8/3048F-ONE the FWE pin is provided
at the same pin position as the Vpp pin in the dual power supply model, but FWE is not a power
source pin-it is used to control flash memory write enabling.

Also, in boot mode, 12 V must be applied to the MD, pin in the dual power supply model, but this
is not necessary in the H8/3048F-ONE (single power supply).
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The maximum rating of the FWE and MD, pins in the H8/3048F-ONE (single power supply) is
Ve 70.3 V. Applying a voltage in excess of the maximum rating will permanently damage the
device.

Do not select the HN28F101 programmer setting for the H8/3048F-ONE (single power supply). If
this setting is made by mistake, 12.0 V may be applied to the FWE pin, causing permanent
damage to the device.

When using a PROM programmer to program the on-chip flash memory in the H8/3048F-ONE
model (single power supply), use a PROM programmer that supports Hitachi microcomputer
device types with 128-kbyte on-chip flash memory.

1.4.2 Product Type Names and Markings

Table 1.5 shows examples of product type names and markings for the H8/3048F (dual power
supply model), H8/3048F-ONE (single power supply), and the differences in flash memory
programming power source.

Table 1.5  Differences in H8/3048F and H8/3048F-ONE

Dual Power Supply

Model: H8/3048F Single Power Supply Model: H8/3048F-ONE
Product type  HD64F3048F16 HD64F3048BF25 HD64F3048BVF25
name
Sample
markings
® HB8/3048 64F3048F25 64F3048VF25
HD64F3048F16 H8/3048F-ONE H8/3048F-ONE
PGM5.0 B PGM3.3
JAPAN JAPAN JAPAN
Flash memory Vpp power source Vcc power source Vcc power source
programming  (12.0 £0.6 V) (5.0 +10%) (3.0t0 3.6 V)

power source
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14.3

Differences between H8/3048F and H8/3048F-ONE

Table 1.6 shows the differences between the H8/3048F (dual power supply model) and H8/3048F-
ONE (single power supply model).

Table 1.6(1) Differences between H8/3048F and H8/3048F-ONE

Models with Dual Power Supply:

Models with Single Power Supply:

Item H8/3048F* H8/3048F-ONE
Pin Pin 1: Vee Pin 1: VcL (when a model which
specifications operates at 5 V is used)
Connected to Vss with 0.1 pF externally
applied. Pin 1 becomes Vcc when a
model which operates at 3 V is used.
Pin 10: Vpp/RESO Pin 10: FWE
ROM/RAM 128-kbyte flash memory with dual 128-kbyte flash memory with single
power supply, RAM: 4 kbytes power supply, RAM: 4 kbytes
Units of on- Writing in 1-byte units Writing in 128-byte units

board writing

Write/erase 12 V is externally applied from Vpp pin  Application of 12 V is not required.
voltage Vcc single power supply
Vpp pin Multiplexes with RESO FWE function only (no RESO function)
functions
Bootmode  gpEgp=12v FWE = 1
settings
MD2 | MD1 MDO MD2 | MD1 MDO
Mode 5| 12V 0 1 Mode 5 0 0 1
Mode 6 | 12V 1 0 Mode 6 0 1 0
Mode 7 | 12V 1 1 Mode 7 0 1
Cancelled by reset Set to mode 1 in mode 5
Set to mode 2 in mode 6
Set to mode 3 in mode 7
Cancelled by reset
Settings for RESO =12V EWE = 1
user program
mode MD2 | MD1 MDO MD2 | MD1 MDO
Mode 5 1 0 1 Mode 5 1 0
Mode 6 1 1 0 Mode 6 1 1 0
Mode 7 1 1 1 Mode 7 1 1 1

Cancelled by reset

Cancelled by reset

Prewrite
processing

Necessary before erasing

Not necessary

Erasing blocks

More than one block can be erased at
the same time (verifies in block units
and erases only the unerased blocks)

Erases in one block units. More than
one block cannot be erased at the same
time (the erasing flow is different)
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Models with Dual Power Supply:

Models with Single Power Supply:

Item H8/3048F* H8/3048F-ONE
Write Before writing, sets the block with the No setting
processing address to be written to EBR1/EBR2
FLMCR FLMCR (H'FF40) FLMCR1 (H'FF40)
[Ver [VeeE| 0 [0 [EV]Pv] E [ P | [Fwe[swe[esu[psu[Ev [PV ] E | P |
FLMCR2 (H'FF41)
FlerRf 0 [0 d oo p o \ \
EBR EBR1 (HFF42) EBR (H'FF42)
‘ LB7 ‘ LB6 ‘ LB5 ‘ LB4 ‘ LB3 ‘ LB2 ‘ LB1 ‘ LBO ‘ |EB7 |EB6 [ EB5 | EB4 [ EB3 | EB2 [ EB1[EBO |
EBR2 (H'FF43) Only one block can be selected(setting
for erasing)
|sB7 | sB6 [ 5B5 | SB4 [ 5B3 | SB2 [ SB1 [ SBO |
More than one block can be selected
(setting for writing/erasing)
RAMCR RAMCR (H'’FF48) RAMCR (H'FF47)
FLER[ O [0 Rams[RaM2RAMIRAMO] [ O [0 [ O [ 0 [Rams[RAMZ[RAM1| \
Division of Division in 16 blocks Division in 8 blocks

flash memory
block

16 kbytes x 7: LBO to LB6
12 kbytes x 1: LB7
512 kbytes x 8: SBO to SB7

Flash memory
H’00000

LBO (16 kbytes)
LB1 (16 kbytes)
LB2 (16 kbytes)
LB3 (16 kbytes)

(

(

(

LB4 (16 kbytes)
LB5 (16 kbytes)
LB6 (16 kbytes)
LB7 (12 kbytes)
SBO (512 bytes)
SB1 (512 bytes)
SB2 (512 bytes)
SB3 (512 bytes)
SB4 (512 bytes)

)

)

)

SB5 (512 bytes
SB6 (512 bytes
SB7 (512 bytes

H1FFFF

1 kbyte x 4: EBO to EB3
28 kbytes x 1: EB4
32 kbytes x 3: EB5 to EB7

Flash memory
H’00000

EBO (1 kbyte)
EB1 (1 kbyte)
EB2 (1 kbyte)
EB3 (1 kbyte)
EB4 (28 kbytes)
EBS5 (32 kbytes)
EB6 (32 kbytes)
EB7 (32 kbytes)

H1FFFF

Note: * Refer to the "H8/3048 Series, H8/3048F-ZTATO Hardware Manual” for information about
H8/3048F.
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Table 1.6(2) Differences in H8/3048F and H8/3048F-ONE

Models with Dual Power Supply:

Models with Single Power Supply:

Item H8/3048F*' H8/3048F-ONE
Division of RAM On-chip RAM Flash memory On-chip RAM Flash memory
emulation block
HEF10 H’00000
HF000 HEF10 H00000
H00400
HF1FF H'FO00 H'00800
H'00C00
H1EFFF 01000
H1Fo00 ~ HF3FF
H1F200
H'1F400
HFFOF H1Fs00  HFFOF
H1F800
H1FAQ0
H1FC00
H1FE00
H1FFFF HAFFFF

Reset during

The RES signal must be kept low during

The RES signal must be kept low during

operation at least 6 system clock (6¢) cycles. at least 20 system clock (20¢) cycles.
(RES pulse width tresw = min. 6.0 te,c)  (RES pulse width tresw = min. 20 teyc)
A/D ADCR ADCR (H'FFE9) ADCR (H'FFE9)
Initial value: H'7F Initial value: H'7E
Only bit 7 can be read or written. Only bit 7 can be read or written.
Other bits are reserved and always read Bit 0 is reserved and must not be set to
as 1; writing to these bits is invalid. 1.
Other bits are reserved and always read
as 1; writing to these bits is invalid.
WDT RSTCSR RSTCSR (H'FFAB) RSTCSR (H'FFAB)

Initial value: H'3F
Only bits 7 and 6 can be read or written.

Other bits are reserved and always read
as 1; writing to these bits is invalid.

Initial value: H'3F
Only bit 7 can be read or written.

Bit 6 is reserved and must not be set to
1.

Other bits are reserved and always read
as 1; writing to these bits is invalid.
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Item

Models with Dual Power Supply:
H8/3048F*'

Models with Single Power Supply:
H8/3048F-ONE

Clock oscillator
settling time
(SYSCR STS2-
STSO0)

Setting of standby timer select
bits 2 to 0

Setting of standby timer select
bits 2 to 0

STS2 | STS1 | STSO Description STS2 | STS1 | STSO Description
0 0 0 8,192 states 0 0 0 8,192 states
1 16,384 states 1 16,384 states
1 0 32,768 states 1 0 32,768 states
1 65,536 states 1 65,536 states
1 0 0 131,072 states 1 0 0 131,072 states
1 1,024 states 1 262,144 states
1 g lllegal setting 1 0 1,024 states
1 lllegal setting

Details on flash

Refer to section 19, Flash Memory

Refer to section 18, ROM (H8/3048F-

memory (H8/3048F, Dual Power Supply). ONE, Single Power Supply, H8/3048B
Mask-ROM Version)

Electrical Clock rate: 1 to 16 MHz Clock rate: 2 to 25 MHz

characteristics

(clock rate)

Refer to section 22, Table 22.1
Electrical Characteristics of H8/3048
Series Products.*?

Refer to section 21, Table 21.1
Electrical Characteristics of H8/3048
Series and H8/3048B Series Products.

List of registers

Refer to appendix B, Table B.1
Comparison of H8/3048 Series Internal
I/0 Register Specification™

Refer to appendix B, Table B.1
Comparison of H8/3048 Series Internal
/0 Register Specification™?

Refer to appendix B.2, Addresses
(For H8/3048F, H8/3048ZTAT,
H8/3048 Mask-ROM, H8/3047 Mask-
ROM, H8/3045 Mask-ROM, and
H8/3044 Mask-ROM Versions)*2

Refer to appendix B.1, Addresses
(For H8/3048F-ONE, H8/3048B Mask
ROM Version)*?

On-chip
emulator

On-chip emulator (E10T)

Notes: *1 Refer to the “H8/3048 Series, H8/3048F-ZTAT™ Hardware Manual” for information
about H8/3048F.

*2 HB8/3048F and H8/3048F-ONE can be referred to also on this manual.

1.4.4

VCL Pin

The H8/3048B Series 5 V operation models have a V¢ (internal step-down) pin, to which a 0.1
pF internal voltage stabilization capacitor must be connected.

The method of connecting the external capacitor is shown in figure 1.4.

Do not connect the Vi power supply to the V¢ pin. (Connect the V¢ power supply to other V¢
pins as usual.) Note that the V¢ output pin occupies the same location as a V¢ pin in the
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HS8/3048F, H8/3048ZTAT and on-chip mask ROM models (H8/3048, H8/3047, H8/3045, and
H8/3044).

Ve power
supply
External
capacitor
VCL (Pln 1) VCC (Pln 1)
0.1 puF H8/3048B Series H8/3048B Series (3 V operation model)
(5 V operation model) H8/3048 Series
Do not connect the V¢ power supply to These versions have a V¢ power supply
the V¢ pin. (Connect the V¢ power pin in the same pin position as a V¢ pin in
supply to other V¢ pins as usual.) the H8/3048F-ONE.

Place the capacitor close to the pin.

Figure 1.4 Method of Connecting H8/3048B Series V¢, Capacitor

The 3 V operation models of the H8/3048B Series do not have a V¢ pin. The 3 V operation
models have a V¢ power supply pin at the location of the V¢ pin in the 5 V operation models.
Therefore, 3 V operation models do not require connection of an external capacitor, and this pin
should be connected to the power supply in the same way as other V¢ pins.

Ve power
supply
External
capacitor
VoL Vee

0.1 uF

5V operation model 3 V operation model

Figure 1.5 Difference between 5V and 3 V Operation Models
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1.4.5 Note on Changeover to H8/3048 Series Mask ROM Version

Care is required when changing from the H8/3048F-ONE with on-chip flash memory to a model
with on-chip H8/3048 Series mask ROM (H8/3048, H8/3047, H8/3045, or H8/3044).

An external capacitor must be connected to the V¢ pin of the H8/3048F-ONE (5 V model). This
VL pin occupies the same location as a V¢ pin in the on-chip mask ROM versions. Changeover
to a mask ROM version must therefore be taken into account when undertaking pattern design,
etc., in the board design stage.

Ve power

(5 V operation model)

Ve pin

' ! « Land pattern for mask ROM version

Ve pin :’_‘:‘ (0 Q resistance mounted)
I

! i ~ Land pattern for H8/3048F-ONE
(5 V operation model)
(0.1 uF capacitor mounted)

e

Figure 1.6 Example of Board Pattern Providing for External Capacitor

1.5 Setting Oscillation Settling Wait Time

When software standby mode is used, after exiting software standby mode a wait period must be
provided to allow the clock to stabilize. Select the length of time for which the CPU and
peripheral functions are to wait by setting bits STS2 to STSO0 in the system control register
(SYSCR) and bits DIV1 and DIVO in the division ratio control register (DIVCR) according to the
operating frequency of the chip.

For the H8/3048B Series, ensure that the oscillation settling wait time is at least 0.1 ms when
operating on an external clock.

For setting details, see section 20.4.3, Selection of Waiting Time for Exit from Software Standby
Mode.
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1.6 Notes on Crystal Resonator Connection

The H8/3048B Series support an operating frequency of up to 25 MHz. If a crystal resonator with
a frequency higher than 20 MHz is connected, attention must be paid to circuit constants such as
external load capacitance values. For details see section 19.2.1, Connecting a Crystal Resonator.
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Section 2 CPU

2.1 Overview

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

2.1.1 Features

The H8/300H CPU has the following features.

Upward compatibility with H8/300 CPU

Can execute H8/300 Series object programs

General-register architecture

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

0 8/16/32-bit data transfer and arithmetic and logic instructions

0 Multiply and divide instructions

[0 Powerful bit-manipulation instructions

Eight addressing modes

O Register direct [Rn]

O Register indirect [@ERn]

0 Register indirect with displacement [@(d: 16, ERn) or @(d:24, ERn)]

O Register indirect with post-increment or pre-decrement [@ERn+ or @—ERn]
U Absolute address [@aa:8, @aa: 16, or @aa:24]

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

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

0 Memory indirect [@@aa:8]

16-Mbyte linear address space
High-speed operation

0 All frequently-used instructions execute in two to four states

0 Maximum clock frequency: 25 MHz (H8/3048B Series)

O 8/16/32-bit register-register add/subtract: 80 ns @ 25 MHz/125 ns @ 16 MHz

0 8 x 8-bit register-register multiply: 560 ns @ 25 MHz/875 ns @ 16 MHz
0 16 + 8-bit register-register divide: 560 ns @ 25 MHz/875 ns @ 16 MHz
O 16 x 16-bit register-register multiply: 880 ns @ 25 MHz/1,375 ns @ 16 MHz
O 32 =+ 16-bit register-register divide: 880 ns @ 25 MHz/1,375 ns @ 16 MHz
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*  Two CPU operating modes
[0 Normal mode (not available in the H8/3048B Series)
0 Advanced mode

¢ Low-power mode

Transition to power-down state by SLEEP instruction

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

* More general registers
Eight 16-bit registers have been added.
¢ Expanded address space
[0 Advanced mode supports a maximum 16-Mbyte address space.
0 Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
(Normal mode is not available in the H8/3048B Series.)
¢ Enhanced addressing

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

¢ Enhanced instructions
0 Data transfer, arithmetic, and logic instructions can operate on 32-bit data.

O Signed multiply/divide instructions and other instructions have been added.
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2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2.1.

The H8/3048B Series can be used only in advanced mode. (Information from this point on will

apply to advanced mode unless otherwise stated.)

CPU operating modes

Normal mode

Advanced mode

Maximum 64 kbytes, program
and data areas combined

Maximum 16 Mbytes, program
and data areas combined

Figure 2.1 CPU Operating Modes

RENESAS
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2.3 Address Space

The maximum address space of the H8/300H CPU is 16 Mbytes. The H8/3048 Series has various
operating modes (MCU modes), some providing a 1-Mbyte address space, the others supporting
the full 16 Mbytes.

Figure 2.2 shows the address ranges of the H8/3048B Series. For further details see section 3.6,
Memory Map in Each Operating Mode.

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

H’00000 H’000000

H'FFFFF

HFFFFFF

a. 1-Mbyte modes b. 16-Mbyte modes

Figure 2.2 Memory Map
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24 Register Configuration

2.4.1 Overview

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

general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 0

PC |

Legend

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

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

u: User bit

N: Negative flag

Z: Zero flag

V: Overflow flag

C: Carry flag

76543210
CCR |1 UI[H|U[N]Z|V|C]

Figure 2.3 CPU Internal Registers
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24.2 General Registers

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

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

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

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

Address registers

32-bit registers 16-bit registers 8-bit registers
E registers
(extended registers)
EOto E7
ER registers ] ] RH registers
ERO to ER7 ROH to R7H
R registers |
RO to R7

RL registers
ROL to R7L

Figure 2.4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.5 shows the
stack.

/\/

Free area

SP (ER7)—~

Stack area

/\/

Figure 2.5 Stack

243 Control Registers

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

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

Condition Code Register (CCR): This 8-bit register contains internal CPU status information,
including the interrupt mask bit (I) and half-carry (H), negative (N), zero (Z), overflow (V), and

carry (C) flags.

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

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

¢ Bit 5—Half-Carry Flag (H): 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.
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¢ Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC,
and XORC instructions.

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

¢ Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at
other times.

e Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:
0 Add instructions, to indicate a carry
[0 Subtract instructions, to indicate a borrow
[0 Shift and rotate instructions, to store the value shifted out of the end bit

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

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

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

244 Initial CPU Register Values

In reset exception handling, PC is initialized to a value loaded from the vector table, and the I bit
in CCR is set to 1. The other CCR bits and the general registers are not initialized. In particular,
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initialized by an
MOV.L instruction executed immediately after a reset.
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2.5 Data Formats

The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (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.

2.5.1 General Register Data Formats

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

General
Data Type Register Data Format
7 0
12t data Roi 7[sls[a]ala[to] _ponteare
7 0

1-bit data RnL : Don’t care EE

7 43 0

4-bit BCD data RnH Don'tcare !

________________ 7 43 0

4-bit BCD data RnL ! Don'tcare

7 o
Byte data RnH [:j Don’t care :
MSB Ls8
________________ 7 0
Byte data RnL Don’t care [:]
""""""""MSB LSB

Figure 2.6 General Register Data Formats (1)
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General

Data Type Register Data Format
15 0
Word data Rn | ‘ ‘
MSB LSB
Word data En | e |
MSB LSB
0 1615 0
Longword data ERn | » »
MSB LSB

Legend

ERn: General register
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure 2.7 General Register Data Formats (2)
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2.5.2 Memory Data Formats

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

Data Type Address Data Format
7 0
1-bit data Address L 7]e6|ls5]a]3|2]1]0
Byte data Address L MSB: :LSB
Word data Address 2M MSB: ‘
Address 2M + 1 . ss
Address 2N MSB: ‘ L ‘ ‘ ‘
Longword data Address 2N + 1 o
Address 2N + 2 ‘
Address 2N + 3 - :LSB

Figure 2.8 Memory Data Formats

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

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

Table 2.1 Instruction Classification

Function Instruction Types
Data transfer MOV, PUSH*', POP*', MOVTPE*?, MOVFPE*? 3
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 18
DAS, MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS,
EXTU
Logic operations AND, OR, XOR, NOT
Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14
BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc*S, JMP, BSR, JSR, RTS 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9
Block data transfer EEPMOV 1

Total 62 types
Notes: *1 POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
*2 Not available in the H8/3048B Series.
*3 Bcc is a generic branching instruction.
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2.6.2 Instructions and Addressing Modes
Table 2.2 indicates the instructions available in the H8/300H CPU.

Table 2.2  Instructions and Addressing Modes

Addressing Modes
R S
Function Instruction ) I u@)’ — o
w w = Q o ©
g8 E 2% %28 ¢
% c w 2 3 w © © © 2 2 ®
# 3 ® ® | ® ® ® | © ® | ® ® | ®
Data MOV BWL | BWL | BWL | BWL | BWL |BWL | B |BWL |BWL | — — —
transfer  |pop, pusH S [ S R (S (N | — — | — | — | w
MOVFPE, — | - -] -] = =] =B | = =] =]—=] =
MOVTPE*
Arithmetic |ADD, CMP BWL | BWL | — — — — — — — — — —_ _
operations |y WL | BWL | — _ _ _ _ _ — — —_ — —
ADDX, SUBX B B — — — — — — — — — _ _
ADDS, SUBS — L — — — — — — — — — — —
INC, DEC — |BWL | — — — — — — — — — — —
DAA, DAS — B — — — — — — — — — — —
MULXU, MULXS, | — | BW | — — — — — — — — — — —
DIVXU, DIVXS
NEG — |BWL | — — — — — — — — — — —
EXTU, EXTS — | WL | — — — — — — — — — — —
Logic AND, OR, XOR BWL | BWL | — — — — — — — — — — —
operations |NOT — |BWL| — — — — — — — — — — —
Shift instructions — |BWL | — — — — — — — — — — _
Bit manipulation — B B — — — B — — — — — —
Branch Bcc, BSR — — — — — — — — — @) @) — —
JMP, JSR — — O — — — — — O — —_ @) _
RTS — — — — — — — — — — — — O
System TRAPA — — — — — — — — — — — — @)
control RTE — — — — — — — — — — — — (@)
SLEEP — — — — — — — — — — — — O
LDC B B W i i W — W W — — — —
STC — B W W W W — W W — — — —
ANDC, ORC, B — — — — — — — — —_ — —
XORC
NOP — — — — — — — — — — — — O
Block data transfer — — — — — — — — — — — _ BW
Legend
B: Byte
W: Word

L: Longword
Note: * Not availabe in the H8/3048B Series.
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2.6.3 Tables of Instructions Classified by Function

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

Operation Notation

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

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

CCR Condition code register

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

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

ad AND logical

ad OR logical

ad Exclusive OR logical

- Move

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

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table 2.3 Data Transfer 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 (EAs) - Rd
Cannot be used in the H8/3048B Series.
MOVTPE B Rs - (EAs)
Cannot be used in the H8/3048B Series.
POP Wi/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. Similarly, POP.L ERn is identical to MOV.L
@SP+, ERn.
PUSH W/L Rn - @-SP

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

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2.4  Arithmetic Operation Instructions

Instruction Size™ Function

ADD, SUB B/WI/L Rd £+Rs - Rd, Rd +#IMM - Rd

Performs addition or subtraction on data in two general registers, or
on immediate data and data in a general register. (Immediate byte
data cannot be subtracted from data in a general register. Use the
SUBX or ADD instruction.)

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

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

INC, DEC B/WI/L Rd+1 - Rd,Rd+*2 - Rd

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

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

DAA, DAS B Rd decimal adjust — Rd

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

MULXU B/W Rd xRs - Rd

Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd xRs - Rd

Performs signed multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Instruction Size™ Function

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.

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

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

NEG B/WI/L 0-Rd - Rd
Takes the two’s complement (arithmetic complement) of data in a
general register.

EXTS Wi/L Rd (sign extension) - Rd
Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by extending the sign bit.

EXTU Wi/L Rd (zero extension) — Rd

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

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Rev. 2.0, 02/03, page 43 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Table 2.5  Logic Operation Instructions

Instruction Size* Function

AND B/WI/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/WI/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/WI/L Rd O Rs - Rd, Rd O #IMM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/W/L “"Rd - Rd

Takes the one’s complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table 2.6  Shift Instructions

Instruction Size* Function
SHAL, B/WI/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL, B/WI/L Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL, B/WI/L Rd (rotate) -~ Rd
ROTR Rotates general register contents.
ROTXL, B/W/L Rd (rotate) -~ Rd
ROTXR Rotates general register contents through the carry bit.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table 2.7  Bit Manipulation Instructions

Instruction 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 3
bits of a general register.

BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0.
The bit number is specified by 3-bit immediate data or the lower 3
bits of a general register.

BNOT B 7 (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The
bit number is specified by 3-bit immediate data or the lower 3 bits of
a general register.

BTST B 7 (<bit-No.> of <EAd>) - Z
Tests a specified bit in a general register or memory operand and
sets or clears the Z flag accordingly. The bit number is specified by
3-bit immediate data or the lower 3 bits of a general register.

BAND B C O (<bit-No.> of <EAd>) -~ C
ANDs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIAND B C 0O[~ (<bit-No.> of <EAd>)] - C

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

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

Note: * Size refers to the operand size.

B: Byte
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Instruction Size™ Function

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

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

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

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

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

BXOR B C O (<bit-No.> of <EAd>) — C

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

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

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

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

BLD B (<bit-No.> of <EAd>) — C

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

BILD B 7 (<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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Table 2.8

Branching 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 cOoz=0
BLS Low or same caoz=1
Bcc (BHS) Carry clear (highorsame) C=0
BCS (BLO) Carry set (low) Cc=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONNDOV)=0
BLE Less or equal ZONDOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

RENESAS
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Table 2.9  System Control Instructions

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

Only increments the program counter.

Note: * Size refers to the operand size.

B: Byte
W: Word
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Table 2.10 Block Transfer Instruction

Instruction Size Function
EEPMOV.B — if R4L # 0 then
repeat @ER5+ - @ER6+, R4L—-1 - R4L
until R4L =0
else next;
EEPMOV.W — if R4 # 0 then
repeat @ER5+ - @ER6+,R4-1 - R4
until R4 =0
else next;

Transfers a data block according to parameters set in general
registers R4L or R4, ER5, and ERG.

R4L or R4: Size of block (bytes)
ERS: Starting source address
ERG: Starting destination address

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

completed.
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2.64 Basic Instruction Formats

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

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

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

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

Condition Field: Specifies the branching condition of Bcce instructions.

Figure 2.9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

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

EA (disp)

Operation field, effective address extension, and condition field

EA (disp) BRA d:8

op cc

Figure 2.9 Instruction Formats
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2.6.5 Notes on Use of Bit Manipulation Instructions

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

The BCLR instruction can be used to clear flags in the internal I/O registers. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.

Step Description

1 Read Read data (byte unit) at the specified address

2 Bit manipulation Modify the specified bit in the read data

3 Write Write the modified data (byte unit) to the specified address

In the following example, a BCLR instruction is executed on the data direction register (DDR) of
port 4.

P4, and P4 are set as input pins, and are inputting low-level and high-level signals, respectively.
P45 to P4 are set as output pins, and are in the low-level output state.
In this example, the BCLR instruction is used to make P4, an input port.

Before Execution of BCLR Instruction

P4, P4, P4s P4, P4; P4, P4, P4,
Input/output Input Input Output  Output  Output Output Output Output
DDR 0 0 1 1 1 1 1 1
DR 1 0 0 0 0 0 0 0

Execution of BCLR Instruction
BCLR #0, @€P4DDR ;. Execute BCLR instruction on DDR

After Execution of BCLR Instruction

P4, P4 P4s P4, P4; P4, P44 P4,
Input/output Output  Output  Output Output Output Output Output Input
DDR 1 1 1 1 1 1 1 0
DR 1 0 0 0 0 0 0 0
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Explanation of BCLR Instruction

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

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

As a result, P4)DDR is cleared to 0, making P4, an input pin. In addition, P4,DDR and P4,DDR
are set to 1, making P4, and P4 output pins.

The BCLR instruction can be used to clear flags in the internal I/O registers to 0. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.

2.7 Addressing Modes and Effective Address Calculation

271 Addressing Modes

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

Table 2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16, ERn)/@(d:24, ERn)
4 Register indirect with post-increment @ERnN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #xx:8/#xx:16/#xx:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8
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1 Register Direct—Rn: The register field of the instruction code specifies an 8-, 16-, or 32-bit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-bit registers. ER0 to ER7 can be specified as 32-bit
registers.

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

3 Register Indirect with Displacement—@)(d:16, ERn) or @(d:24, ERn): A 16-bit or 24-bit
displacement contained in the instruction code is added to the contents of an address register
(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of a memory operand. A 16-bit displacement is sign-extended when added.

4 Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @—ERn:

* Register indirect with post-increment—@ERn+

The register field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand is accessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

* Register indirect with pre-decrement—@-ERn

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

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

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

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

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.

7 Program-Counter Relative—@)(d:8, PC) or @(d:16, PC): This mode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (—16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

8 Memory Indirect—@@aa:8: This mode can be used by the JMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The first
byte of the memory operand is ignored, generating a 24-bit branch address. See figure 2.10. The
upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is 0 to
255 (H'000000 to H'0O000FF). Note that the first part of this range is also the exception vector area.
For further details see section 5, Interrupt Controller.
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/\/

Specified by @aa:8 — Reserved

Figure 2.10 Memory-Indirect Branch Address Specification

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

Memory Data Formats.

2.7.2 Effective Address Calculation

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

generate a 20-bit effective address.
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Table 2.13 Effective Address Calculation

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
1 Register direct (Rn) Operand is general
register contents
op |rmj|rn
2 Register indirect (@ERnN)
31 0 23

‘ »  General register contents

op r
3 Register indirect with displacement
@(d:16, ERn)/@(d:24, ERn)
31 0
»  General register contents
\ 23
op r disp
Sign extension disp
A
4. Register indirect with post-increment
or pre-decrement
Register indirect with post-increment
@ERN+
31 0 23
‘ »  General register contents »>
A
op r T o
1,2,0r4
Register indirect with pre-decrement
@-ERn
31 0
»  General register contents
‘ 23
: J
Op 1 77@—>

1,2,0r4 —T

1 for a byte operand, 2 for a word
operand, 4 for a longword operand
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op disp

PC contents

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
5 Absolute address
@aa:8 23 87 0
op abs H'FFFF
| i
aa:16
@ 23 1615 0
Sign
op abs exten-
sion
@aa:24
op 23 0
abs
6 Immediate Operand is immediate
#xx:8, #xx:16, or #xx:32 data
op IMM
7 Program-counter relative
@(d:8, PC) or @(d:16, PC)
23

23 0

Sign
exten- disp
sion
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address

8 Memory indirect @@aa:8

*« Normal mode

op abs

23 87y¢ 0
H0000 abs
15 0 23 1615
.| Memory )
= contents > H00
¢ Advanced mode
op abs
23 87y 0
H'0000 abs
31 0 23
Memory contents »
Legend:
r, rm, m: Register field
op: Operation field
disp: Displacement
IMM: Immediate data
abs: Absolute address
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2.8 Processing States

2.8.1 Overview

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

Processing states F

% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

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

Bus-released state |

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

Reset state |

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

Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure 2.11 Processing States
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2.8.2 Program Execution State

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

2.8.3 Exception-Handling State

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

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

Table 2.14 Exception Handling Types and Priority

exception-handling sequence

Type of

Priority Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock Exception handling starts immediately
1 when RES changes from low to high
L] Interrupt End of instruction When an interrupt is requested,

] execution or end of exception handling starts at the end of
] exception handling® the current instruction or current

(

(l

Trap instruction ~ When TRAPA instruction Exception handling starts when a trap
Low is executed (TRAPA) instruction is executed

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

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

External interrupts

Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure 2.12 Classification of Exception Sources

End of bus release

Bus request

End of bus

Program execution state>

SLEEP

release
Bus
request

Exception

End of
exception
handling

Interrupt

NMI, IRQg, IRQ 4,
or IRQ;, interrupt

instruction
with SSBY =0

wn
@
m
m
)
5
7]

=
c

Q
=
=}

A

STBY=1, RES =0

N

C Reset state™

-

Gardware standby mode*a

Power-down state

Notes: *1 From any state except hardware standby mode, a transition to the reset state occurs

whenever RES goes low.

*2 From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure 2.13 State Transitions
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2.8.4 Exception-Handling Sequences

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

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

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

¥/\ ¥/\

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

| B | address

\_/\ \_/\

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

Legend
CCR: Condition code register
SP:  Stack pointer

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

Figure 2.14 Stack Structure after Exception Handling
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2.8.5 Bus-Released State

In this state the bus is released to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU are the DMA controller, the refresh controller, and an external
bus master. While the bus is released, the CPU halts except for internal operations. Interrupt
requests are not accepted. For details see section 6.3.7, Bus Arbiter Operation.

2.8.6 Reset State

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

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

2.8.7 Power-Down State

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

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

Software Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit is set to 1 in SYSCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The 1/0 ports also remain in their existing states.

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

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

2.9.1 Overview

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

2.9.2 On-Chip Memory Access Timing

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

Bus cycle

L I

~— Ty state —»<—T,state —»

L T

Internal address bus >< Address ><

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

Internal write signal : ‘\—/7

Internal data bus : \
(write access) > < ‘ Write data >—

Figure 2.15 On-Chip Memory Access Cycle

Rev. 2.0, 02/03, page 64 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Address bus >< Add‘ress ><

AS, RD, HWR, LWR

High imbedance

D15 to Do

Figure 2.16 Pin States during On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data bus is 8 or 16 bits wide,
depending on the register being accessed. Figure 2.17 shows the on-chip supporting module access
timing. Figure 2.18 indicates the pin states.

! Bus cycle

— o

)

~e— T, state —»«— T, state —»<— T state —»

N

Address ‘

Address bus

Internal read signal

Read
access
Internal write signal \ ‘ /
Write ! !
access 1 }
Internal data bus Write data >—

Internal data bus : > < Read data >_

Figure 2.17 Access Cycle for On-Chip Supporting Modules
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Address bus >< Address X:

AS, RD, HWR, L

o)

High impedance

D45 to Dg

Figure 2.18 Pin States during Access to On-Chip Supporting Modules

294 Access to External Address Space

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

3.1 Overview

3.1.1 Operating Mode Selection

The H8/3048B Series has seven operating modes (modes 1 to 7) that are selected by the mode pins
(MD, to MDy) as indicated in table 3.1. The input at these pins determines the size of the address
space and the initial bus mode.

Table 3.1 Operating Mode Selection

Mode Pins Description
Operating Initial Bus On-Chip  On-Chip
Mode MD, MD; MD, Address Space Mode™' ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 bits Disabled  Enabled™
Mode 2 0 1 0 Expanded mode 16 bits Disabled Enabled*
Mode 3 0 1 1 Expanded mode 8 bits Disabled  Enabled™
Mode 4 1 0 0 Expanded mode 16 bits Disabled Enabled*
Mode 5 1 0 1 Expanded mode 8 bits Enabled Enabled™
Mode 6 1 1 0 Expanded mode 8 bits Enabled  Enabled*
Mode 7 1 1 1 Single-chip advanced — Enabled Enabled

mode

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

*2 1If the RAME bit in SYSCR is cleared to 0, these addresses become external addresses.

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

Modes 1 to 4 are externally expanded modes that enable access to external memory and peripheral
devices and disable access to the on-chip ROM. Modes 1 and 2 support a maximum address space
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes.

Modes 5 and 6 are externally expanded modes that enable access to external memory and
peripheral devices and also enable access to the on-chip ROM. Mode 5 supports a maximum
address space of 1 Mbyte. Mode 6 supports a maximum address space of 16 Mbytes.
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Mode 7 is a single-chip mode that operates using the on-chip ROM, RAM, and internal I/O
registers, and makes all I/O ports available. Mode 7 supports a 1-Mbyte address space.

The H8/3048 Series can be used only in modes 1 to 7. The inputs at the mode pins must select one
of these seven modes. The inputs at the mode pins must not be changed during operation.

3.1.2 Register Configuration

The H8/3048 Series has a mode control register (MDCR) that indicates the inputs at the mode pins
(MD, to MDy), and a system control register (SYSCR). Table 3.2 summarizes these registers.

Table 3.2 Registers

Address™ Name Abbreviation R/W Initial Value
H'FFF1 Mode control register MDCR R Undetermined
H'FFF2 System control register SYSCR R/W H'0B

Note: * The lower 16 bits of the address are indicated.

3.2 Mode Control Register (MDCR)

MDCR is an 8-bit read-only register that indicates the current operating mode of the H8/3048
Series.

Bit 7 6 5 4 3 2 1 0
g ‘ O a a O ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 0= 0= 0=*
Read/Write 0 0 a O O R R R
Reserved bits Reserved bits Mode select2to 0

Bits indicating the current
operating mode

Note: * Determined by pins MD, to MDg.

Bits 7 and 6—Reserved: Read-only bits, always read as 1.
Bits 5 to 3—Reserved: Read-only bits, always read as 0.

Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSO0): These bits indicate the logic levels at pins
MD, to MDj, (the current operating mode). MDS2 to MDSO0 correspond to MD, to MD,. MDS2 to
MDSO0 are read-only bits. The mode pin (MD, to MDy) levels are latched into these bits when
MDCR is read.
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Note: For the flash memory version with single power supply (H8/3048F-ONE), flash memory
can be written to in the boot mode. In the boot mode, the inverted value of the MD?2 signal
is set to bit MDS2.

33 System Control Register (SYSCR)

SYSCR is an 8-bit register that controls the operation of the H8/3048 Series.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ O ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W a R/W
RAM enable
Enables or
disables
on-chip RAM
Reserved bit

NMI edge select
Selects the valid edge
of the NMI input

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

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

Software standby
Enables transition to software standby mode

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

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

Bit 7: SSBY Description
0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select (STS2 to STS0): These bits select the length of time the CPU
and on-chip supporting modules wait for the internal clock oscillator to settle when software
standby mode is exited by an external interrupt. When using a crystal oscillator, set these bits so
that the waiting time will be at least 7 ms at the system clock rate. For further information about
waiting time selection, see section 20.4.3, Selection of Waiting Time for Exit from Software
Standby Mode.

Bit 6: STS2 Bit 5: STS1 Bit 4: STS0 Description

0 0 0 Waiting time = 8,192 states (Initial value)
1 Waiting time = 16,384 states
1 0 Waiting time = 32,768 states
1 Waiting time = 65,536 states
1 0 0 Waiting time = 131,072 states
1 Waiting time = 262,144 states
1 0 Waiting time = 1,024 states
1 lllegal setting

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

Bit 3: UE Description
0 Ul bitin CCR is used as an interrupt mask bit
1 Ul bit in CCR is used as a user bit (Initial value)

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

Bit 2: NMIEG Description
0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI

Bit 1—Reserved: Read-only bit, always read as 1.

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

Bit 0: RAME Description
0 On-chip RAM is disabled
1 On-chip RAM is enabled (Initial value)
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34 Operating Mode Descriptions

341 Mode 1

Ports 1, 2, and 5 function as address pins Ajg to Ay, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least
one area is designated for 16-bit access in ABWCR, the bus mode switches to 16 bits.

3.4.2 Mode 2

Ports 1, 2, and 5 function as address pins A9 to Ay, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits.

343 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A,; to A, permitting access to a
maximum 16-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit access to
all areas. If at least one area is designated for 16-bit access in ABWCR, the bus mode switches to
16 bits. Ay; to A, are valid when 0 is written in bits 7 to 5 of the bus release control register
(BRCR). (In this mode A, is always used for address output.)

3.4.4 Mode 4

Ports 1, 2, and 5 and part of port A function as address pins A,; to A, permitting access to a
maximum 16-Mbyte address space. The initial bus mode after a reset is 16 bits, with 16-bit access
to all areas. If all areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits.
Ay; to Ay are valid when 0 is written in bits 7 to 5 of BRCR. (In this mode A, is always used for
address output.)

345 Mode S

Ports 1, 2, and 5 can function as address pins A9 to Ay, permitting access to a maximum [-Mbyte

address space, but following a reset they are input ports. To use ports 1, 2, and 5 as an address bus,
the corresponding bits in their data direction registers (P1DDR, P2DDR, and PSDDR) must be set

to 1. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is

designated for 16-bit access in ABWCR, the bus mode switches to 16 bits.
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3.4.6 Mode 6

Ports 1, 2, and 5 and part of port A function as address pins A,; to A, permitting access to a
maximum 16-Mbyte address space, but following a reset they are input ports. To use ports 1, 2,
and 5 as an address bus, the corresponding bits in their data direction registers (P1DDR, P2DDR,
and PSDDR) must be set to 1. For Ay; to Ay output, clear bits 7 to 5 of BRCR to 0. (In this mode
Ay is always used for address output.)

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is
designated for 16-bit access in ABWCR, the bus mode switches to 16 bits.

3.4.7 Mode 7

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

3.5 Pin Functions in Each Operating Mode

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

Table 3.3  Pin Functions in Each Mode

Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

Port1  AstoA, A7 to Ao A7 to Ao A7 to Ao P1,to P1,*2 P1;t0 P1,"2 P1,to P1o

Port2  AsstoAs Ass to Ag Ass to Ag Ass to Ag P2, to P2,*2  P2;to P2,"? P2;to P2,

Port 3 D15 to Dg D15 to Dg D15 to Dg D15 to Dg D15 to Dg D15 to Dg P37 to P30

Port4  P4;to P4,*' D;to Dy™ P4, to P4,*" D, to Do*' P4, to P4, P4;to P4,™" P4, to P4,

Port 5 A19 to A15 A19 to A15 A19 to A15 A19 to A15 P53 to P5()>!<2 P53 to P5()>!<2 P53 to P50

Port A PA;toPA; PA;toPA, PA;toPAs™, PA;to PAs™, PA;to PA, PA;toPAs, PA;toPA,
Az Az Ax™®

Notes: *1 Initial state. The bus mode can be switched by settings in ABWCR. These pins function
as P47 to P4, in 8-bit bus mode, and as D7 to Dg in 16-bit bus mode.
*2 Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.
*3 Initial state. Ao is always an address output pin. PA7 to PAs are switched over to Azs to
A1 output by writing 0 in bits 7 to 5 of BRCR.
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3.6 Memory Map in Each Operating Mode

Figure 3.1 shows a memory map of the H8/3048B Series. The address space is divided into eight
areas.

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

The address locations of the on-chip RAM and internal 1/O registers differ between the 1-Mbyte
modes (modes 1, 2, 5, and 7) and 16-Mbyte modes (modes 3, 4, and 6). The address range
specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and @aa:16) also
differs.
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Modes 1 and 2 Modes 3 and 4

(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
HO00000 —————— 7141 "1~ H000000 714§ "1~

Vector area 3 Vector area 3
............. S |2 eceeeeee22] | B0 |2
22 |2 22 |2
: 35138 2528
H'000FF |------------1 TES gg H'0000FF |------------1 —E£o gg
eo =8 eo =8
29 |25 29 |25
§5 |23 §5 (2%
HO7FFF| | =8y HOO7FFF | | =8y
HAFFFF| | Area0 Area 0
H'20000 H1FFFFF
H3FFFF| | Areal  H200000 [TTTTTTTTTTTTT T
H'40000
HSFFFF| | Area2 Area 1
H’60000 | External address Area 3 H3FFFFF |l
H7FFFF|____space ___|7"°9% H’400000
H’80000
HOFFFF| .| Area4 Area 2
H’A0000 HS8FFFFF |
HBFFFF| | Areas __ H600000 | Extermal
Hggg('):?: Area 6 address Area 3
S Aea7 | H7FFFER| SPace |
rea H’800000
Area 4
_______________________ HOFFFFF | _ | _________
H’F8000 H’A00000
HFEFOF » Area 5
H'FEF10 ] a WBFFFFF| ____ | .
On-chip RAM * @ ] H’C00000
HEFFO0| ™ 77T e 8 Area 6
H:FFFOF é ) H:DFFFFF _______________________
HFFF10 External Y 3 H'E00000
address = 2
HFFF1B|___ Space R Areat
H'FFF1C s |2
Internal 1/0 L e
U 3 H'FF8000
77777777 HFFEFOF »
HFFEF10 2
On-chip RAM * @ @
_____________ - kel
H'FFFF00 g |3
H'FFFFOF 5 |o
HFFFF10 External ® %
address 2 |3
HFFFF1B|  Space 2 |=
HFFFF1C s |5
Internal 1/0 .2 e
registers a2
HFFFFFF | |y~ v

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

Figure 3.1 H8/3048B Series Memory Map in Each Operating Mode
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Mode 5 Mode 6

(1-Mbyte expanded mode with (16-Mbyte expanded mode with ingle-chi Moge 7 d d
on-chip ROM enabled) on-chip ROM enabled) (single-chip advanced mode)
HO00000 714 "1~ H000000 7T "1~ H00000 7 "1~
Vector area -3 Vector area -8 Vector area -3
------------- 88 |3 o1 883 o1 883
58130 s8i3e 583y
H000FF [------------1 TEo |8 @ HO0000FF [--=-==-------1 AL @ HOO0OFF|------------1 TE5 |8 o
1% 1% %]
On-chip ROM gg Eg i gg Eg On-chip ROM gﬁ Eg
p Ec |3 On-chip ROM Ec |68 n-chip ES |08
i ~— @© o |~ @© o |~ @©
HO7FFF| | =8y  HOO7FFF| | =8y — WO7FFF| | =8y
H1FFFF
HO1FFFF
HAFFFF Areal 1020000 Area 0
H20000 Area 1 HAFFFFF| |7 ealb
H3FFFF | __ |75 H200000
H,40000 Area 2
HSFFFF| ___________|°rees Area 1
H’60000 | External address Area 3 H3FFFFF | ___________17" ?a, ,,,,,
H7FFFF| ___space __| 77597 H400000
H,SOOOO Area 4
HOFFFF| ___________|7reas Area 2
H’A0000 HSFFFFF| ___________|Areas
' Area 5 H'600000
H,(B:FFFF _______________________ External
HDEFQ(I):(I): Area 6 address
HEOOOO | T Aea7 | H7FFFFF| SPAce | Area3
rea H'800000
_______________________ HOFFFFF| __________|Aread s e
HF8000 H'A00000 H'F8000
HFEFOF » »
H'FEF10 , @ HBFFFFF| ___________| Area5  HFEF10 , 2
On-chip RAM* 2 @ H'C00000 On-chip RAM 8 @
............. -0 ° R ) kel
H'FFF00 2 % , Area 6 HFFF00 2 I3
H'FFFOF 3 o) HDFFFFF\ ___________]Areab HFFFOF 3 o
HFFF10 External © 3 H'E00000 N 3
address 2 |3 g |2
K = © = ©
Intenal IO || = |€ : Internal 10 || & |©
b 3 HFF8000 |- - oo X 5
registers > registers >
HFFFFFL |y~ ¥y __ HFFFFFL v~ ¥y __
H'FFEFOF @
H'FFEF10 ]
On-chip RAM* @ @
_____________ . °
HEFFFO0 2 |38
HFFFFOF T |e
HFFFF10 External © %
address L |3
HFFFF1B| _ Space 2 |z
HFFFF1C s |5
Internal 1/0 ;_3 e
registers =2
HFFFFFF| |y~ v

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

Figure 3.1 H8/3048B Series Memory Map in Each Operating Mode (cont)

Rev. 2.0, 02/03, page 75 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Rev. 2.0, 02/03, page 76 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Section 4 Exception Handling

4.1 Overview

4.1.1 Exception Handling Types and Priority

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

Table 4.1 Exception Types and Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the
1 RES pin
] Interrupt Interrupt requests are handled when execution of the
[l current instruction or handling of the current exception is
] completed
Low Trap instruction (TRAPA)  Started by execution of a trap instruction (TRAPA)

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

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

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

Note: For a reset exception, steps 2 and 3 above are carried out.
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4.1.3 Exception Vector Table

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

Reset
External interrupts: NMI, IRQ, to IRQg
Exception
sources Interrupts
Internal interrupts: 30 interrupts from on-chip
Trap instruction supporting modules

Figure 4.1 Exception Sources
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Table 4.2 Exception Vector Table

Exception Source Vector Number Vector Address™
Reset 0 H'0000 to H'0003
Reserved for system use 1 H'0004 to H'0007
2 H'0008 to H'000B
3 H'000C to H'000F
4 H'0010 to H'0013
5 H'0014 to H'0017
6 H'0018 to H'001B
External interrupt (NMI) 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023

9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F
External interrupt IRQo 12 H'0030 to H'0033
External interrupt IRQ4 13 H'0034 to H'0037
External interrupt IRQ2 14 H'0038 to H'003B
External interrupt IRQ3 15 H'003C to H'003F
External interrupt IRQ4 16 H'0040 to H'0043
External interrupt IRQs 17 H'0044 to H'0047
Reserved for system use 18 H'0048 to H'004B

19 H'004C to H'004F
Internal interrupts*2 20 H'0050 to H'0053

to to

60 H'00FO0 to H'O0F3

Notes: *1 Lower 16 bits of the address.
*2 For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
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4.2 Reset

4.2.1 Overview

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

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

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

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

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

¢ The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the I bit is set to 1 in CCR.

* The contents of the reset vector address (H'0000 to H'0003) are read, and program execution
starts from the address indicated in the vector address.

Figure 4.2 shows the reset sequence in modes 1 and 3. Figure 4.3 shows the reset sequence in
modes 2 and 4. Figure 4.4 shows the reset sequence in modes 5, 6, and 7.
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Figure 4.2 Reset Sequence (Modes 1 and 3)
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Internal

Vector fetch processing Prefetch of first

program instruction

RES  _/

Address bus >< (1) X (3

RD [

HWR, LWR

D15 to DO (2) (6)

X ® X
High 3

(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002
(2), (4) Start address (contents of reset vector)

(5) Start address

(6) First instruction of program

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

Figure 4.3 Reset Sequence (Modes 2 and 4)
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Prefetch of
Internal first program
Vector fetch | processing | instruction

RES

Internal
address bus (1) ><

Internal ! /_\ |

read signal

Internal
write signal

Internal
data bus
(16 bits wide)

@)

(1), (3) Address of reset vector ((1) = H'000000, (2) = H'000002)
(2), (4) Start address (contents of reset vector)

(5) Start address

(6) First instruction of program

Figure 4.4 Reset Sequence (Modes 5, 6, and 7)

4.2.3 Interrupts after Reset

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

Interrupt exception handling can be requested by seven external sources (NMI, IRQ, to IRQs) and
30 internal sources in the on-chip supporting modules. Figure 4.5 classifies the interrupt sources
and indicates the number of interrupts of each type.

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

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

For details on interrupts see section 5, Interrupt Controller.

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NMI input may be
prohibited. For details, refer to section 18.8.4, NMI Input Disable Conditions.

NMI (1)

External interrupts { IRQ, to IRQ (6)

Interrupts wDT* (1)
Refresh controller *2(1)
. ITU (15)
Internal interrupts DMAC (4)
SCI (8)
A/D converter (1)

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

Figure 4.5 Interrupt Sources and Number of Interrupts
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4.4 Trap Instruction

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

4.5 Stack Status after Exception Handling

Figure 4.6 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

J\J\

SP-4 SP (ER7) - CCR
SP-3 SP+1 PCe
SP-2 SP+2 PCH
SP-1 SP+3 PCL
SP (ER7) — Stack area SP+4 Even address

J\J\

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

Legend

PCE: Bits 23 to 16 of program counter (PC)
PCH: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC indicates the address of the first instruction that will be executed after return.
2. Registers must be saved in word or longword size at even addresses.

Figure 4.6 Stack after Completion of Exception Handling
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3048 Series regards the lowest address bit as
0. The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP:ER7) should always be kept even. Use the following instructions to save
registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.WRn (or MOV.W @SP+, Rn)
POP.LERn (or MOV.L @SP+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4.7 shows an example of what
happens when the SP value is odd.

CCR SPp— R1L H'FFFEFA

Sp—= HFFFEFB
I PC | I PC | wrFreEFC

i | I | wFFFeEFD
7777777777777777777777777777777777 H'FFFEFF

SP —*

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

Legend

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: The diagram illustrates modes 3 and 4.

Figure 4.7 Operation when SP Value is Odd
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5.1

Section 5 Interrupt Controller

Overview

5.1.1 Features

The interrupt controller has the following features:

Interrupt priority registers (IPRs) for setting interrupt priorities

Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
in interrupt priority registers A and B (IPRA and IPRB).

Three-level masking by the I and UI bits in the CPU condition code register (CCR)
Independent vector addresses

All interrupts are independently vectored; the interrupt service routine does not have to
identify the interrupt source.

Seven external interrupt pins

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

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NMI input may be

prohibited. For details, refer to section 18.8.4, NMI Input Disable Conditions.
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5.1.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

CPU

ul

liscR| [IER| | IPRA,IPRB |
NMI _
input
Y \i
. .| IRQ input -
IRQ input section ISR
Interrupt
OVF _|  Priority request
TME decision logic
Vector
) > number
ADI - _
ADIE I ?
Interrupt controller ( L
UE
SYSCR
Legend
ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register

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

CCR
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5.1.3 Pin Configuration
Table 5.1 lists the interrupt pins.

Table 5.1 Interrupt Pins

Name Abbreviation 110 Function

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

External interrupt request IRQs to IRQo Input Maskable interrupts, falling edge or

5t00 level sensing selectable

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NMI input may be
prohibited. For details, refer to section 18.8.4, NMI Input Disable Conditions.

5.1.4 Register Configuration

Table 5.2 lists the registers of the interrupt controller.

Table 5.2  Interrupt Controller Registers

Address™ Name Abbreviation R/W Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FFF4 IRQ sense control register ISCR R/W H'00
H'FFF5 IRQ enable register IER R/W H'00
H'FFF6 IRQ status register ISR R/(W)*2 H'00
H'FFF8 Interrupt priority register A IPRA R/W H'00
H'FFF9 Interrupt priority register B IPRB R/W H'00

Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, to clear flags.
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5.2 Register Descriptions

521 System Control Register (SYSCR)

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

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

SYSCR is initialized to H'OB by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STSH1 ‘ STSO ‘ UE ‘ NMIEG ‘ O ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W O R/W
RAM enable
Reserved bit
Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

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

Bit 3: UE Description
0 Ul bitin CCR is used as interrupt mask bit
1 Ul bit in CCR is used as user bit (Initial value)

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

Bit 2: NMIEG Description
0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

5.2.2 Interrupt Priority Registers A and B (IPRA, IPRB)

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

Bit 7 6 5 4 3 2 1 0

‘ IPRA7 ‘ IPRA6 ‘ IPRAS ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Priority
level A0
Selects the
priority level
of ITU
channel 2
interrupt
requests

Priority level A1
Selects the priority level
of ITU channel 1
interrupt requests

Priority level A2
Selects the priority level of
ITU channel 0 interrupt requests

Priority level A3
Selects the priority level of WDT and
refresh controller interrupt requests

Priority level A4
Selects the priority level of IRQ4 and IRQ5
interrupt requests

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

Priority level A6
Selects the priority level of IRQ4 interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA is initialized to H'00 by a reset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selects the priority level of IRQ, interrupt requests.

Bit 7: IPRA7 Description
0 IRQo interrupt requests have priority level O (low priority) (Initial value)
1 IRQo interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAG6): Selects the priority level of IRQ; interrupt requests.

Bit 6: IPRA6 Description
0 IRQ1 interrupt requests have priority level O (low priority) (Initial value)
1 IRQ; interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level A5 (IPRAS5): Selects the priority level of IRQ, and IRQj; interrupt requests.

Bit 5: IPRAS Description
0 IRQ2 and IRQjs interrupt requests have priority level 0 (low priority)

(Initial value)
1 IRQ2 and IRQ;s interrupt requests have priority level 1 (high priority)

Bit 4—Priority Level A4 (IPRA4): Selects the priority level of IRQ4 and IRQs interrupt requests.

Bit 4: IPRA4 Description
0 IRQ4 and IRQs interrupt requests have priority level 0 (low priority)

(Initial value)
1 IRQs and IRQs interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selects the priority level of WDT and refresh controller
interrupt requests.

Bit 3: IPRA3 Description
0 WDT and refresh controller interrupt requests have priority level 0 (low priority)
(Initial value)
1 WDT and refresh controller interrupt requests have priority level 1 (high
priority)
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Bit 2—Priority Level A2 (IPRA2): Selects the priority level of ITU channel 0 interrupt requests.

Bit 2: IPRA2 Description
0 ITU channel 0 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 0 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRA1): Selects the priority level of ITU channel 1 interrupt requests.

Bit 1: IPRA1 Description
0 ITU channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level A0 (IPRAO0): Selects the priority level of ITU channel 2 interrupt requests.

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

Bit 7 6 5 4 3 2 1 0
‘ IPRB7 ‘ IPRBG‘ IPRB5 ‘ ad ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ O
Initial value 0 0 0 0 0 0 0 0

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

Reserved bit

Priority level B1
Selects the priority level
of A/D converter
interrupt request

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

Priority level B3
Selects the priority level of SCI
channel 0 interrupt requests

Reserved bit

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

Priority level B6
Selects the priority level of ITU channel 4 interrupt requests

Priority level B7
Selects the priority level of ITU channel 3 interrupt requests

IPRB is initialized to H'00 by a reset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selects the priority level of ITU channel 3 interrupt requests.

Bit 7: IPRB7 Description
0 ITU channel 3 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 3 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selects the priority level of ITU channel 4 interrupt requests.

Bit 6: IPRB6 Description
0 ITU channel 4 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 4 interrupt requests have priority level 1 (high priority)

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

Bit 5: IPRB5 Description

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

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

Bit 4—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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Bit 3—Priority Level B3 (IPRB3): Selects the priority level of SCI channel 0 interrupt requests.

Bit 3: IPRB3 Description
0 SCIO0 interrupt requests have priority level O (low priority) (Initial value)
1 SCI0 interrupt requests have priority level 1 (high priority)

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

Bit 2: IPRB2 Description
0 SCI1 interrupt requests have priority level O (low priority) (Initial value)
1 SCI1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selects the priority level of A/D converter interrupt requests.

Bit 1: IPRB1 Description
0 A/D converter interrupt requests have priority level O (low priority) (Initial value)
1 A/D converter interrupt requests have priority level 1 (high priority)

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

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

Bit 7 6 5 4 3 2 1 0
. 0 | 0 | RasF | IRQ4F | IRQSF | IRQ2F | IRQIF | IRQOF |
Initial value 0 0 0 0 0 0 0 0
Read/Write O O R/(Wy*  RI(W)*  R/(WYy  R/(W) R/(WYy R/(W)*
| |
Reserved bits IRQ; to IRQ, flags

These bits indicate IRQ5 to IRQg
interrupt request status

Note: * Only 0 can be written, to clear flags.

ISR is initialized to H'00 by a reset and in hardware standby mode.
Bits 7 and 6—Reserved: Read-only bits, always read as 0.

Bits 5 to 0—IRQs to IRQ, Flags (IRQ5F to IRQOF): These bits indicate the status of IRQs to
IRQ, interrupt requests.

Bits 5 to 0:

IRQS5F to IRQOF  Description

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

1 [Setting conditions]

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

Note: n=5t00
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5.2.4 IRQ Enable Register (IER)

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

Bit 7 6 5 4 3 2 1 0
\ 0 \ 0 \ IRQ5E \ IRQ4E \ IRQ3E \ IRQ2E \ IRQIE \ IRQOE \
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
| |
Reserved bits IRQ; to IRQ, enable

These bits enable or disable IRQ5 to IRQg interrupts

IER is initialized to H'00 by a reset and in hardware standby mode.

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

Bits 5 to 0—IRQs to IRQ, Enable (IRQ5E to IRQOE): These bits enable or disable IRQs to
IRQ interrupts.

Bits 5 to 0:

IRQ5E to IRQOE Description

0 IRQs to IRQo interrupts are disabled (Initial value)
1 IRQs to IRQg interrupts are enabled
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5.2.5 IRQ Sense Control Register (ISCR)

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

Bit 7 6 5 4 3 2 1 0
\ 0 \ 0 \ IRQSSC‘ IRQ4SC‘ IRQ3SC \ IRQZSC‘ IRQ1SC \ IRQOSC \
Initial value 0 0 0 0 0 0 0 0
ReadWrite =~ RW RW RW RW RW RW RW RW
| |
Reserved bits IRQ; to IRQ, sense control

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

ISCR is initialized to H'00 by a reset and in hardware standby mode.

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

Bits 5 to 0—IRQs to IRQ, Sense Control (IRQ5SC to IRQ0SC): These bits select whether
interrupts IRQs to IRQ are requested by level sensing of pins IRQs to IRQ,, or by falling-edge
sensing.

Bits 5 to 0: Description

IRQ5SC to IRQOSC

0 Interrupts are requested when IRQs to IRQg inputs are low  (Initial value)
1 Interrupts are requested by falling-edge input at IRQs to IRQo
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53 Interrupt Sources

The interrupt sources include external interrupts (NMI, IRQ, to IRQs) and 30 internal interrupts.

5.3.1 External Interrupts

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

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

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NMI input may be
prohibited. For details, refer to section 18.8.4, NMI Input Disable Conditions.

IRQ, to IRQs Interrupts: These interrupts are requested by input signals at pins IRQ, to IRQ:s.
The IRQ, to IRQs interrupts have the following features.

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

* ]ER settings can enable or disable the IRQ, to IRQs interrupts. Interrupt priority levels can be
assigned by four bits in [PRA (IPRA7 to IPRA4).

e The status of IRQ, to IRQs interrupt requests is indicated in ISR. The ISR flags can be cleared
to 0 by software.

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

IRQNSC IRQNE
l IRQNF
’ Edge/lclavell - s Q IRQn interrupt
sense circuit request
IRQnN input f R
Clear signal

Note: n=5t00

Figure 5.2 Block Diagram of Interrupts IRQ, to IRQs
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQnF).

IRQN
input pin

IRQnF

Note: n=51t00

Figure 5.3 Timing of Setting of IRQnF

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

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

* Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.
e Interrupt priority levels can be assigned in [IPRA and IPRB.

¢ ITU and SCI interrupt requests can activate the DMAC, in which case no interrupt request is
sent to the interrupt controller, and the I and UI bits are disregarded.

533 Interrupt Vector Table

Table 5.3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after a reset is the default order
shown in table 5.3.

Rev. 2.0, 02/03, page 102 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Table 5.3  Interrupt Sources, Vector Addresses, and Priority

Vector
Interrupt Source Origin Number Vector Address® IPR Priority
NMI External pins 7 H'001C to H'001F — High
IRQo 12 H'0030 to H'0033 IPRA7 1
IRQ4 13 H'0034 to HO037 IPRAG6 E
IRQ2 14 H'0038 to H'003B IPRA5 0
IRQs 15 H'003C to H'003F [
IRQ4 16 H'0040 to H'0043 IPRA4 E
IRQs 17 H'0044 to H'0047 O
Reserved — 18 H'0048 to H'004B H

19 H'004C to H'004F E
Wwovi Watchdog 20 H'0050 to H'0053 IPRA3 O
(interval timer) timer []
CMmI Refresh 21 H'0054 to H'0057 0
(compare match) controller E
Reserved — 22 H'0058 to H'005B H

23 H'005C to H'005F 0
IMIAO ITU channel0 24 H'0060 to H'0063 IPRA2 E
(compare match/ 0
input capture AO) 0
IMIBO 25 H'0064 to H'0067 ]
(compare match/ []
input capture BO) 0
OVIO (overflow 0) 26 H'0068 to H'006B E
Reserved — 27 H'006C to H'006F 0
IMIA1 ITU channel 1 28 H'0070 to H'0073 IPRA1 Ul
(compare match/ ]
input capture A1) ]
IMIB1 29 H'0074 to H'0077 E
(compare match/ 0
input capture B1) B
OVI1 (overflow 1) 30 H'0078 to H'007B O
Reserved — 31 H'007C to H'007F 0

Low
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Vector

Interrupt Source Origin Number Vector Address™ IPR Priority
IMIA2 ITU channel 2 32 H'0080 to H'0083 IPRAO High
(compare match/
input capture A2) TD
IMIB2 33 H'0084 to H'0087 ]
(compare match/ l
input capture B2) []
OVI2 (overflow 2) 34 H'0088 to H'008B E
Reserved — 35 H'008C to H'008F 0
IMIA3 ITU channel 3 36 H'0090 to H'0093 IPRB7 l
(compare match/ 0
input capture A3) ]
IMIB3 37 H'0094 to H'0097 E
(compare match/ B
input capture B3) B
OVI3 (overflow 3) 38 H'0098 to H'009B O
Reserved — 39 H'009C to H'009F 0
IMIA4 ITU channel 4 40 H'00AO0 to H'00A3 IPRB6 E
(compare match/ B
input capture A4) 0
IMIB4 41 H'00A4 to H'00A7 O
(compare match/ 0
input capture B4) ]
OVI4 (overflow 4) 42 H'00AS8 to H'00AB E
Reserved — 43 H'00AC to H'00AF W
DENDOA DMAC 44 H'00BO0 to H'00B3 IPRB5 0
DENDOB 45 H'00B4 to H'00B7 E
DEND1A 46 H'00B8 to H'00BB ]
DEND1B 47 H'00BC to H'00BF E
Reserved — 48 H'00CO0 to H'00C3 — 0
49 H'00C4 to H'00C7 [
50 H'00C8 to H'00CB [
51 H'00CC to H'00CF E

|—
o
=
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Vector

Interrupt Source Origin Number Vector Address™ IPR Priority
ERIO SClchannel 0 52 H'00DO to H'00D3 IPRB3 High
(receive error 0) '
RXI0 53 H'00D4 to H'00D7 ]
(receive data full 0) ]
TXIO (transmit data 54 H'00D8 to H'00DB Hl
empty 0) E
TEIO 55 H'00DC to H'0O0DF 0
(transmit end 0) 0
ERIM SCl channel1 56 H'00EO to H'O0E3 IPRB2 l
(receive error 1) 0
RXI1 57 H'00E4 to H'O0E7 E
(receive data full 1) 0
TXI1 (transmit data 58 H'00ES8 to H'00EB 0
empty 1) ]
TEN 59 H'00EC to H'00EF l
(transmit end 1) %
ADI (A/D end) A/D 60 H'00FO to H'0O0F3 IPRB1 Low

Note: * Lower 16 bits of the address.
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5.4 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3048 Series handles interrupts differently depending on the setting of the UE bit. When
UE = 1, interrupts are controlled by the I bit. When UE = 0, interrupts are controlled by the I and
Ul bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, I,
and Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states™. IRQ
interrupts and interrupts from the on-chip supporting modules have their own enable bits. Interrupt
requests are ignored when the enable bits are cleared to 0.

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NMI input may be
prohibited. For details, refer to section 18.8.4, NMI Input Disable Conditions.

Table 5.4  UE, I, and UI Bit Settings and Interrupt Handling

SYSCR CCR

UE | ul Description

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

— No interrupts are accepted except NMI.

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

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

No interrupts are accepted except NMI.

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

Program execution state

Y

No
Interrupt requested?

Yes

Pending

Priority level 1?

Yes
o>
Y
Yes Yes

Yes
No
1=0
| Yes

-

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

| Read vector address |

v

Branch to interrupt
service routine

Figure 5.4 Process Up to Interrupt Acceptance when UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

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

The interrupt controller checks the I bit. If the I bit is cleared to 0, the selected interrupt request
is accepted. If the I bit is set to 1, only NMI is accepted; other interrupt requests are held
pending.

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

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

Next the I bit is set to 1 in CCR, masking all interrupts except NMI.

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

UE = 0: The I and UI bits in the CPU’s CCR and the IPR bits enable three-level masking of IRQ,
to IRQs interrupts and interrupts from the on-chip supporting modules.

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

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

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

a. If1=0, all interrupts are unmasked (priority order: NMI > IRQ, > IRQ3 >IRQ, ...).
b. IfI=1 and Ul =0, only NMI, IRQ,, and IRQ; are unmasked.
c. IfI=1and Ul = 1, all interrupts are masked except NMI.

Figure 5.5 shows the transitions among the above states.
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| <0
a. All interrupts are - <1 Ul <0 b. Only NMI, IRQ,, and
unmasked ’ - IRQ3 are unmasked

Exception handling,
orl «1,Ul <1

Ul -0
Exception handling,
orUl <1

c. All interrupts are
masked except NMI

Figure 5.5 Interrupt Masking State Transitions (Example)

Figure 5.6 is a flowchart showing how interrupts are accepted when UE = 0.

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

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

The interrupt controller checks the I bit. If the I bit is cleared to 0, the selected interrupt request
is accepted regardless of its IPR setting, and regardless of the UI bit. If the I bit is set to 1 and
the UI bit is cleared to 0, only NMI and interrupts with priority level 1 are accepted; interrupt
requests with priority level 0 are held pending. If the I bit and UI bit are both set to 1, only
NMI is accepted; all other interrupt requests are held pending.

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

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

The I and Ul bits are set to 1 in CCR, masking all interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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Figure 5.6 Process Up to Interrupt Acceptance when UE =0
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Interrupt Sequence

54.2

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

external memory area accessed in two states via a 16-bit bus.
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Figure 5.7 Interrupt Sequence (Mode 2, Two-State Access, Stack in External Memory)
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5.4.3 Interrupt Response Time

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

Table 5.5 Interrupt Response Time

External Memory

On-Chip 8-Bit Bus 16-Bit Bus
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority 2* 2* 2* 2* 2*
decision
2 Maximum number of 1 t0 23*° 110 27%°* 110 41* 11023*°  1t025™
states until end of
current instruction
3 Saving PC and CCR 4 8 12* 4 6™
to stack
4 Vector fetch 4 8 12* 4 6™
5 Instruction prefetch*? 4 8 12* 4 6™
6 Internal processing™® 4 4 4 4 4
Total 19 to 41 311057 43 to 83 19 to 41 251049

Notes: *1 1 state for internal interrupts.

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

*3 Internal processing after the interrupt is accepted and internal processing after prefetch.
*4 The number of states increases if wait states are inserted in external memory access.
*5 Example for DIVXS.W Rs,ERd and MULXS.W Rs,ERd

*6 Example for MOV.L @(d:24,ERs),ERd and MOV.L ERs,@(d:24,ERd)
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5.5 Usage Notes

551 Contention between Interrupt and Interrupt-Disabling Instruction

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

Figure 5.8 shows an example in which an IMIEA bit is cleared to 0 in TIER of the ITU.

, TIER write cycle by CPU | IMIA exception handling

[ [
[ ——

Internal | |
address bus >< TIER address >< ><

Internal
write signal

IMIEA

IMIA

IMFA interrupt !
signal

Figure 5.8 Contention between Interrupt and Interrupt-Disabling Instruction

This type of contention will not occur if the interrupt is masked when the interrupt enable bit or
flag is cleared to 0.
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5.5.2 Instructions that Inhibit Interrupts

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

553 Interrupts during EEPMOYV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

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

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

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

5.5.4 Usage Notes on External Interrupts

The IRQnF flag specification calls for the flag to be cleared by writing 0 to it after it has been read
while set to 1. However, it is possible for the IRQnF flag to be cleared by mistake simply by
writing 0 to it, irrespective of whether it has been read while set to 1, with the result that interrupt
exception handling is not executed. This occurs when the following conditions are fulfilled.

* Setting conditions

1. Multiple external interrupts (IRQa, IRQD) are being used.
2. Different clearing methods are being used: clearing by writing 0 for the IRQaF flag, and
clearing by hardware for the IRQbF flag.

3. A bit manipulation instruction is used on the IRQ status register to clear the IRQaF flag, or else
ISR is read as a byte unit, the IRQaF flag bit is cleared, and the values read in the other bits are
written as a byte unit.
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¢ Occurrence conditions

1. When IRQaF = 1, for the IRQaF flag to clear, ISR register read is executed. Thereafter
interrupt processing is carried out and IRQDF flag clears.
2. IRQaF flag clear and IRQDF flag generation compete (IRQaF flag setting).

(The ISR read needed for IRQaF flag clear was at IRQbF = 0 but in the time taken for ISR
write, IRQbF = 1 was reached.)

In all of the setting conditions 1 to 3 and occurrence conditions 1 and 2 are generated, IRQbF
clears in error during ISR write for occurrence condition 2 and interrupt processing is not carried
out. However, if IRQDF flag reaches 0 between occurrence conditions 1 and 2, IRQbF flag does
not clear in error.

IRQaF __J | )

Read |Write

IRQbF | )

7

Read [Write IRQb
1 1

Execution

Clear in error

| Occurrence condition 1 Occurrence condition 2

Figure 5.9 IRQnF Flag When Interrupt Processing Is Not Conducted

Rev. 2.0, 02/03, page 115 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

In this situation, conduct one of the following countermeasures.

Countermeasure 1: When clears IRQaF flag, do not use the bit manipulation instruction, read the
ISR in bytes. Then write a value in bytes which sets IRQaF flag to 0 and other bits to 1.

For example, ifa=0

MOV. B @ SR, ROL
MOV. B #HFE, ROL
MOV. B ROL, @ SR

Countermeasure 2: During IRQb interrupt exception processing, carry out IRQbF flag clear
dummy processing.

For example, ifb=1

I RB MOV. B #HFD, ROL
MOV. B ROL, @ SR

5.5.5 Notes on Non-Maskable Interrupts (NMI)

NMI is an exception processing that can be executed by the interrupt controller and CPU when the
chip internal circuits are operating normally under a specified electrical characteristics. If an NMI
is executed when the circuits are not operating normally due to some factors such as software or
abnormal interrupt of input to the pins (runaway execution), the operation will not be guaranteed.

Incorrect NMI Operation Factors: Software

1. When an interrupt exception processing is executed in an H8/300H CPU, it is assumed that the
stack pointer (SP(ER7)) has already been set by software, and that the stack pointer (SP(ER7))
points to the stack area set in a system such as RAM. If the program is in a runaway execution,
the stack pointer may be overflowed and updated illegally. Therefore, normal operation will
not be guaranteed.

2. Requests for NMIs can be accepted on the rising or falling edge of a pin. Acceptance of the
rising or falling edge depends on the setting of the bit NMIEG in the system control register
(SYSCR). It is necessary for the customer to set the bit according to the designated system.
When the program is in a runaway execution, this bit may be rewritten illegally. Therefore, the
system may not operate as expected.

3. This chip has a break function to implement on-board emulation for specific customers. To use
this break function, execute the BRK instruction (H’5770). Note that the BRK instruction is
usually undefined. Therefore, if the CPU accidentally executes the instruction, the chip will
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perform exceptional processing and will enter the break mode. In the break mode, interrupts
including the NMI are inhibited and the count of the watch dog timer will be stopped. Then by
executing the RTB (H’56F0) instruction, the break mode will be cancelled, and usual program
execution will resume. When the execution is reset during break mode, the CPU enters the
reset state and the break mode is cancelled. Once the reset has been cancelled, normal program
execution will resume after the reset exception processing has been executed.

Incorrect NMI Operation Factors: Abnormal Interrupts Input to the Chip Pins

If an abnormal interrupt which was not specified in the electrical characteristics is input to a pin
during a chip operation, the chip may be destroyed. In this case, the operation of the chip will not
be guaranteed.

When an abnormal interrupt has been input to a pin, the chip may not be destroyed; however, the
internal circuits of the chip may partially or wholly malfunction, and the CPU may enter an
unimagined undefined state when the CPU was designed. If this occurs, it will be impossible to
control the operation of the chip by external pins other than the external reset and standby pins,
and the operation of the NMI will not be guaranteed. In this case, after some specified signals have
been input to the pins, input an external reset so that the chip can enter the normal program
execution state again.
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Section 6 Bus Controller

6.1 Overview

The H8/3048B Series has an on-chip bus controller that divides the address space into eight areas
and can assign different bus specifications to each. This enables different types of memory to be
connected easily.

A bus arbitration function of the bus controller controls the operation of the DMA controller
(DMAC) and refresh controller. The bus controller can also release the bus to an external device.

6.1.1 Features
Features of the bus controller are listed below.

* Independent settings for address areas 7 to 0
[1 128-kbyte areas in 1-Mbyte modes; 2-Mbyte areas in 16-Mbyte modes.
O Chip select signals (CS; to CSy) can be output for areas 7 to 0.
U Areas can be designated for 8-bit or 16-bit access.
O Areas can be designated for two-state or three-state access.
* Four wait modes
0 Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be selected.
[1 Zero to three wait states can be inserted automatically.
* Bus arbitration function

U A built-in bus arbiter arbitrates the bus right to the CPU, DMAC, refresh controller, or an
external bus master.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CS; to CSp
ABWCR
Internal —
address bus ASTCR
 — Area WCER K
decoder —
Chip select CSCR
control signals
- Bus control
circuit
. [
i
| Wait-state
WAIT o controller
WCR
——————————— Internal signals--------- -
CPU bus request signal e BRCR kK
DMAC bus request signal ]
Refresh controller bus request signal ™ .
CPU bus acknowledge signal - Bus arbiter
DMAC bus acknowledge signal |-

Legend

ABWCR: Bus width control register

ASTCR: Access state control register
WCER: Wait state controller enable register
WCR: Wait control register

BRCR: Bus release control register

CSCR: Chip select control register

L

Internal data bus

————— Internal signals-----

|
! Bus mode control signal
= Bus size control signal

|
. Access state control signal

*: Wait request signal

Figure 6.1 Block Diagram of Bus Controller
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6.1.3 Input/Output Pins

Table 6.1 summarizes the bus controller’s input/output pins.

Table 6.1 Bus Controller Pins

Name Abbreviation /10 Function

Chip select 7to 0 CS7t0 CSp Output Strobe signals selecting areas 7 to 0

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

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

High write HWR Output Strobe signal indicating writing to the
external address space, with valid data on
the upper data bus (D15 to Ds)

Low write LWR Output Strobe signal indicating writing to the
external address space, with valid data on
the lower data bus (D7 to Do)

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

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

Bus acknowledge BACK Output Acknowledge signal indicating the bus is

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

Table 6.2  Bus Controller Registers

Initial Value
Modes Modes
Address™ Name Abbreviation R/W 1,3,5,6 2,4,7
H'FFEC Bus width control register ABWCR R/W H'FF H'00
H'FFED Access state control register ASTCR R/W H'FF H'FF
H'FFEE Wait control register WCR R/W H'F3 H'F3
H'FFEF Wait state controller enable WCER R/W H'FF H'FF
register

H'FFF3 Bus release control register BRCR R/W H'FE H'FE
H'FF5F Chip select control register CSCR R/W H'OF H'OF

Note: * Lower 16 bits of the address.

6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

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

Bit 7 6 5 4 3 2 1 0
\ ABW7 \ ABW6 \ ABWS5 \ ABW4 \ ABW3 \ ABW?2 \ ABW1 \ ABWO \
Initial | Modes 1,3,5,6 1 1 1 1 1 1 1 1
value {ModesZ, 47 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits selecting bus width for each area

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operates in 8-bit bus
mode: the upper data bus (D;s to Dg) is valid, and port 4 is an input/output port. When at least one
bit is cleared to 0 in ABWCR, the chip operates in 16-bit bus mode with a 16-bit data bus (D;s to
Dy). In modes 1, 3, 5, and 6 ABWCR is initialized to H'FF by a reset and in hardware standby
mode. In modes 2, 4, and 7 ABWCR is initialized to H'00 by a reset and in hardware standby
mode. ABWCR is not initialized in software standby mode.
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Bits 7 to 0—Areas 7 to 0 Bus Width Control (ABW?7 to ABW0): These bits select 8-bit access
or 16-bit access to the corresponding address areas.

Bits 7 to 0:

ABW7 to ABWO Description

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

ABWCR specifies the bus width of external memory areas. The bus width of on-chip memory and
internal I/O registers is fixed and does not depend on ABWCR settings. These settings are
therefore meaningless in single-chip mode (mode 7).

6.2.2 Access State Control Register (ASTCR)

ASTCR is an 8-bit readable/writable register that selects whether each area is accessed in two
states or three states.

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

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

Bits selecting number of states for access to each area

ASTCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

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

Bits 7 to 0:

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

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

ASTCR specifies the number of states in which external areas are accessed. On-chip memory and
internal I/O registers are accessed in a fixed number of states that does not depend on ASTCR
settings. These settings are therefore meaningless in single-chip mode (mode 7).
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6.2.3 Wait Control Register (WCR)

WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller
(WSC) and specifies the number of wait states.

Bit 7 6 5 4 3 2 1 0
‘ O ‘ ad ‘ O ‘ ] ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO0 ‘
Initial value 1 1 1 1 0 0 1 1
Read/Write O g m] ] R/W R/W R/W R/W
Reserved bits Wait count 1/0

These bits select the
number of wait states
inserted

Wait mode select 1/0
These bits select the wait mode

WCR is initialized to H'F3 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, always read as 1.

Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1/0): These bits select the wait mode.

Bit 3: WMS1 Bit 2: WMSO0 Description

0 0 Programmable wait mode (Initial value)
1 No wait states inserted by wait-state controller

1 0 Pin wait mode 1
1 Pin auto-wait mode

Bits 1 and 0—Wait Count 1 and 0 (WC1/0): These bits select the number of wait states inserted
in access to external three-state-access areas.

Bit 1: WC1 Bit 0: WCO Description
0 0 No wait states inserted by wait-state controller
1 1 state inserted
1 0 2 states inserted
1 3 states inserted (Initial value)
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6.2.4 Wait State Controller Enable Register (WCER)

WCER is an 8-bit readable/writable register that enables or disables wait-state control of external
three-state-access areas by the wait-state controller.

Bit 7 6 5 4 3 2 1 0

‘ WCE7 ‘ WCEG6 ‘ WCES5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Wait-state controller enable 7 to 0
These bits enable or disable wait-state control

WCER is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Wait-State Controller Enable 7 to 0 (WCE7 to WCEO0): These bits enable or
disable wait-state control of external three-state-access areas.

Bits 7 to 0:

WCE7 to WCEO Description

0 Wait-state control disabled (pin wait mode 0)

1 Wait-state control enabled (Initial value)

Since WCER enables or disables wait-state control of external three-state-access areas, these
settings are meaningless in single-chip mode (mode 7).
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6.2.5 Bus Release Control Register (BRCR)

BRCR is an 8-bit readable/writable register that enables address output on bus lines Ay; to A, and
enables or disables release of the bus to an external device.

Bit 7 6 5 4 3 2 1 0
‘ A23E ‘ A22E ‘ A21E ‘ O ‘ O ‘ O ‘ O ‘ BRLE ‘
Initial value 1 1 1 1 1 1 1 0
Read/{Modes 1,257 0O O O O 0 0 0 RIW
Write | Modes3,4,6  R/W RW  RW O 0 0 0 RIW
Address 23 to 21 enable Reserved bits Bus release enable
These bits enable PAg to Enables or disables
PA 4 to be used for A3 to release of the bus to
A,qaddress output an external device

BRCR is initialized to H'FE by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Address 23 Enable (A23E): Enables PA, to be used as the A,; address output pin.
Writing 0 in this bit enables A,; address output from PA,. In modes other than 3, 4, and 6 this bit
cannot be modified and PA, has its ordinary input/output functions.

Bit 7: A23E Description
0 PA4 is the A2z address output pin
1 PA4 is the PA4/TP4/TIOCA input/output pin (Initial value)

Bit 6—Address 22 Enable (A22E): Enables PAs to be used as the A,, address output pin.
Writing 0 in this bit enables A, address output from PAs. In modes other than 3, 4, and 6 this bit
cannot be modified and PA;s has its ordinary input/output functions.

Bit 6: A22E Description
0 PAs is the A2; address output pin
1 PAs is the PAs/TPs/TIOCB1 input/output pin (Initial value)
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Bit 5—Address 21 Enable (A21E): Enables PAg to be used as the A,; address output pin.
Writing 0 in this bit enables A, address output from PA¢. In modes other than 3, 4, and 6 this bit
cannot be modified and PAg has its ordinary input/output functions.

Bit 5: A21E Description
0 PAs is the Az; address output pin
1 PAs is the PAs/TPs/TIOCA, input/output pin (Initial value)

Bits 4 to 1—Reserved: Read-only bits, always read as 1.

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

Bit 0: BRLE Description

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

1 The bus can be released to an external device

6.2.6 Chip Select Control Register (CSCR)

CSCR is an 8-bit readable/writable register that enables or disables output of chip select signals
(@7 to §4)

If a chip select signal (CS; to CS;) output is selected in this register, the corresponding pin
functions as a chip select signal (CS; to CS,) output, this function taking priority over other
functions. CSCR cannot be modified in single-chip mode.

Bit 7 6 5 4 3 2 1 0

| CS7E | CS6E | CssE | CSeE | O 0 0 0

Initial value 0 0 0 0 1 1 1 1

Read/Write R/W R/W R/W R/W O O d O
Chip select 7 to 4 enable Reserved bits

These bits enable or disable
chip select signal output

CSCR is initialized to H'OF by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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Bits 7 to 4—Chip Select 7 to 4 Enable (CS7E to CS4E): These bits enable or disable output of
the corresponding chip select signal.

Bit n: CSnE Description
0 Output of chip select signal CS,, is disabled (Initial value)
1 Output of chip select signal CS, is enabled

Note: n=7to4

Bits 3 to 0—Reserved: Read-only bits, always read as 1.
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6.3 Operation

6.3.1 Area Division

The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytes in the
1-Mbyte modes, or 2 Mbytes in the 16-Mbyte modes. Figure 6.2 shows a general view of the

memory map.

H’00000 H’000000 H’00000 On-chip ROM ** H’000000 On-chip ROM **
Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'1FFFF H1FFFFF H1IFFFF| Area0 (128 kbytes) | pqppppp| Area 0 (2 Mbytes)
H'20000 H'200000 H'20000 H'200000
Area 1 (128 kbytes) Area 1 (2 Mbytes) Area 1 (128 kbytes) Area 1 (2 Mbytes)
H'3FFFF H'3FFFFF H'3FFFF H'3FFFFF
H'40000 H'400000 H'40000 H'400000
Area 2 (128 kbytes) Area 2 (2 Mbytes) Area 2 (128 kbytes) Area 2 (2 Mbytes)
H'5FFFF H'5FFFFF H'5FFFF H'5FFFFF
H’60000 H’600000 H’60000 H’600000
Area 3 (128 kbytes) Area 3 (2 Mbytes) Area 3 (128 kbytes) Area 3 (2 Mbytes)
H'7FFFF H7FFFFF H7FFFF H'7FFFFF
H’80000 H’800000 H’80000 H’800000
Area 4 (128 kbytes) Area 4 (2 Mbytes) Area 4 (128 kbytes) Area 4 (2 Mbytes)
H9FFFF HOFFFFF H9FFFF HOFFFFF
H’A0000 H’A00000 H’A0000 H’A00000
Area 5 (128 kbytes) Area 5 (2 Mbytes) Area 5 (128 kbytes) Area 5 (2 Mbytes)
H'BFFFF H'BFFFFF H'BFFFF H'BFFFFF
H’C0000 H’C00000 H'C0000 H’C00000
Area 6 (128 kbytes) Area 6 (2 Mbytes) Area 6 (128 kbytes) Area 6 (2 Mbytes)
H'DFFFF H'DFFFFF H'DFFFF H'DFFFFF
H'EO000|  Area 7 (128 kbytes) | H'E00000|  Area 7 (2 Mbytes) H'EO000|  Area 7 (128 kbytes) | H'E00000|  Area 7 (2 Mbytes)
On-chip RAM™" "2 On-chip RAM ™" 2 On-chip RAM *1*2 On-chip RAM ™ *2
External address space™ External address space™® External address space*3 External address space*3
HFEEFEE| Internal I/O registers™ | pppppp| Internal 1/O registers™ | |y ppppp| Internal I/O registers™ | \ppppppE| Internal I/O registers ™

a. 1-Mbyte modes with
on-chip ROM disabled
(modes 1 and 2)

b. 16-Mbyte modes with
on-chip ROM disabled
(modes 3 and 4)

c. 1-Mbyte mode with
on-chip ROM enabled
(mode 5)

d. 16-Mbyte mode with
on-chip ROM enabled
(mode 6)

Notes: *1 The on-chip ROM, on-chip RAM, and internal I/O registers have a fixed bus width and are accessed in a
fixed number of states.
*2 When the RAME bit is cleared to 0 in SYSCR, this area conforms to the specifications of area 7.
*3 This external address area conforms to the specifications of area 7.

Figure 6.2 Access Area Map for Modes 1 to 6
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Chip select signals (CS- to CS,) can be output for areas 7 to 0. The bus specifications for each area
can be selected in ABWCR, ASTCR, WCER, and WCR as shown in table 6.3.

Table 6.3  Bus Specifications

ABWCR ASTCR WCER WCR Bus Specifications
Bus Access
ABWn ASTn WCEn WMS1 WMS0 Width States Wait Mode
0 0 — — — 16 2 Disabled
1 0 — — 16 3 Pin wait mode 0
0 0 16 3 Programmable wait mode
1 16 3 Disabled
1 0 16 3 Pin wait mode 1
1 16 3 Pin auto-wait mode
1 0 — — — 8 2 Disabled
1 0 — — 8 3 Pin wait mode 0
1 0 0 8 3 Programmable wait mode
1 8 3 Disabled
1 0 8 3 Pin wait mode 1
1 8 3 Pin auto-wait mode

Note: n=0to7

6.3.2 Chip Select Signals

For each of areas 7 to 0, the H8/3048 Series can output a chip select signal (CS; to CS,) that goes
low to indicate when the area is selected. Figure 6.3 shows the output timing of a CS,, signal (n=0
to 7).

Output of CS; to CSy: Output of CS; to CS, is enabled or disabled in the data direction register
(DDR) of the corresponding port.

In the expanded modes with on-chip ROM disabled, a reset leaves pin CS, in the output state and
pins CS; to CS; in the input state. To output chip select signals CS; to CS;, the corresponding
DDR bits must be set to 1. In the expanded modes with on-chip ROM enabled, a reset leaves pins
CS; to CS, in the input state. To output chip select signals CSs to CS,, the corresponding DDR bits
must be set to 1. For details see section 9, I/O Ports.
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Output of CS, to CSy: Output of CS; to CS, is enabled or disabled in the chip select control
reg1ster (CSCR). A reset leaves pins CS; to CS, in the input state. To output chip select signals
CS; to CS., the corresponding CSCR bits must be set to 1. For details see section 9, I/O Ports.

o | L

QSSress >< External address in area n ><

CS,

Figure 6.3 CS. Output Timing (n =7 to 0)

When the on-chip ROM, on-chip RAM, and internal I/O registers are accessed, CS; and CS,
remain high. The CS, signals are decoded from the address signals. They can be used as chip
select signals for SRAM and other devices.
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6.3.3 Data Bus

The H8/3048 Series allows either 8-bit access or 16-bit access to be designated for each of areas 7
to 0. An 8-bit-access area uses the upper data bus (D;5 to Dg). A 16-bit-access area uses both the
upper data bus (D5 to Dg) and lower data bus (D to Dy).

In read access the RD signal applies without distinction to both the upper and lower data bus. In
write access the HWR signal applies to the upper data bus, and the LWR signal applies to the
lower data bus.

Table 6.4 indicates how the two parts of the data bus are used under different access conditions.

Table 6.4  Access Conditions and Data Bus Usage

Access Read/W Valid Upper Data Bus Lower Data Bus
Area Size rite Address Strobe (D15 to Ds) (D7 to Do)
8-bit-access — Read — RD Valid Invalid
area Write  — HWR Undetermined data
16-bit-access Byte Read Even RD Valid Invalid
area Odd Invalid Valid
Write Even HWR Valid Undetermined data
Odd LWR Undetermined data  Valid
Word Read — RD Valid Valid
Write  — HWR,  Valid Valid
LWR

Note: Undetermined data means that unpredictable data is output.
Invalid means that the bus is in the input state and the input is ignored.
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6.3.4 Bus Control Signal Timing

8-Bit, Three-State-Access Areas: Figure 6.4 shows the timing of bus control signals for an 8-bit,
three-state-access area. The upper address bus (D5 to Dyg) is used to access these areas. The LWR
pin is always high. Wait states can be inserted.

Y

- Bus cycle

T Ty T3

Address bus >< External address in area n ><
CSn | |
AS : | | | :
RD | | | | |
Read Dys to Dy : ] ] Valid I
access ‘ | | |
D, to D, : : : Invalid :
FWR 1 1 1
LWR ' High i } }
Write ! ! ! !
access ! ! ! :
D45 to Dg Valid \
D, to D, ; ; Undetermined data 1\
Note:n=7100

Figure 6.4 Bus Control Signal Timing for 8-Bit, Three-State-Access Area

Rev. 2.0, 02/03, page 133 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

8-Bit, Two-State-Access Areas: Figure 6.5 shows the timing of bus control signals for an 8-bit,
two-state-access area. The upper address bus (D;5 to Dg) is used to access these areas. The LWR

pin is always high. Wait states cannot be inserted.

~+~——— Bus cycle 4>
T Ty
0 I I R
Address bus >< External address in area n ><
CSn |
AS 1 1 | s
RD 1 1 | 1
Read | DistoDg 1 1 Valid 1
access ‘ | ‘
D, toD, ! ! Invalid :
HWR | | |
_ LWR ' High ! !
Write ! ! !
access ! ! ;
Dys5 to Dg | ' Valid \
D, to D, : Undetermined data ‘\
Note:n=7100

Figure 6.5 Bus Control Signal Timing for 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas: Figures 6.6 to 6.8 show the timing of bus control signals for a
16-bit, three-state-access area. In these areas, the upper address bus (D5 to Dyg) is used to access
even addresses and the lower address bus (D to Dy) is used to access odd addresses. Wait states
can be inserted.

Y

~-—— Bus cycle

T Ty T3

o I e e

Address bus >< Even external address in area n ><

o] 1 1

AS : : : | :

RD | | | | :
Read Dis to Dg : : : Valid :
access ‘ ‘ ‘

D, to D, 3 3 3 Invalid 3

FWR 1 1 1

LWR ' High ! ! 3
Write ! ! ; ;
access ! ! ;

D45 to Dg j } Valid }

D, to D, Undetermined data
Note:n=7100

Figure 6.6 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Access to Even Address)
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Figure 6.7 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (2)
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Bus cycle
T2

-~

External address in area n

X

Address bus

=] i)
L L = = L L
> >
B T
© ©
> >
0 o 0 o
S 9 F
c L o s o = L
2 @ 2 e ~ = = e ~
O < o [a)] o T 1 o [a)]
@ 7
To 20
o 3 =]
X o =

Note:n=7100

Figure 6.8 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (3)

(Word Access)
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16-Bit, Two-State-Access Areas: Figures 6.9 to 6.11 show the timing of bus control signals for a
16-bit, two-state-access area. In these areas, the upper address bus (D;5 to Dg) is used to access
even addresses and the lower address bus (D to Dy) is used to access odd addresses. Wait states
cannot be inserted.

| |
~——Buscycle —————»
|

T T2
0 I I s N
Address bus ; Even external address in area n ><
CSn |
AS | | | |
RD | | | |
Read Dy5to Dg : : Valid :
access | | |
D, to D, : : Invalid ‘
HWR | | |
LWR " High ! i
Write ! ! !
access 1 i 1
Dys to Dg : ' Valid }
D, to D, ‘ Undetermined data
Note:n=71t00

Figure 6.9 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Access to Even Address)
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|
~+——Buscycle —————»
|

T Ty
0 I I O R
Address bus ‘ Odd external address in area n ><
CSn ‘
AS ! | | !
RD | | | |
Read Dys5to Dg : 3 Invalid :
access | ; :
D;toDg ! ‘ Valid :
HWR " High : i
[WR | | |
Write ! ! !
access | : |
D45 to Dg ‘ Undetermined data ‘
D, to D, : . Vald :
Note:n=7to 0

Figure 6.10 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Access to Odd Address)
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Read
access

Write
access

Note:n=7100

¢

|
-«—Buscycle ———————»
|

T 3 T2
Address bus >< External address in area n ><
CSn

D, to Dy Valid

D, to D, Valid
o |

-
D45 to Dg Valid !
D, to D, Valid

Figure 6.11 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (3)

(Word Access)
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6.3.5 Wait Modes

Four wait modes can be selected as shown in table 6.5.

Table 6.5 Wait Mode Selection

ASTCR WCER WCR
ASTn Bit WCEnBit WMS1 Bit WMSO0 Bit WSC Control Wait Mode
0 — — — Disabled No wait states
1 0 — — Disabled Pin wait mode 0
1 0 0 Enabled Programmable wait mode
1 Enabled No wait states
1 0 Enabled Pin wait mode 1
1 Enabled Pin auto-wait mode

Note: n=7to0
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Wait Mode in Areas Where Wait-State Controller is Disabled

External three-state access areas in which the wait-state controller is disabled (ASTn =1, WCEn =
0) operate in pin wait mode 0. The other wait modes are unavailable. The settings of bits WMS1
and WMSO are ignored in these areas.

Pin Wait Mode 0: Wait states can only be inserted by WAIT pin control. During access to an
external three-state-access area, if the WAIT pin is low at the fall of the system clock (@) in the T,
state, a wait state (Ty) is inserted. If the WAIT pin remains low, wait states continue to be inserted
until the WAIT signal goes high. Figure 6.12 shows the timing.

Inserted by WAIT signal
T1 ‘ Tz TW ‘ TW T3 ‘

|
J _

o
*

-
%

-
*

Address bus External address X
AS —| ,7
RD
Read
access Read data
Data bus
HWR, LWR
Write
access
Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6.12 Pin Wait Mode 0
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Wait Modes in Areas Where Wait-State Controller is Enabled

External three-state access areas in which the wait-state controller is enabled (ASTn = 1, WCEn =
1) can operate in pin wait mode 1, pin auto-wait mode, or programmable wait mode, as selected by
bits WMS1 and WMSO0. Bits WMS1 and WMSO0 apply to all areas, so all areas in which the wait-
state controller is enabled operate in the same wait mode.

Pin Wait Mode 1: In all accesses to external three-state-access areas, the number of wait states
(Tw) selected by bits WC1 and WCO are inserted. If the WAIT pin is low at the fall of the system
clock (@) in the last of these wait states, an additional wait state is inserted. If the WAIT pin
remains low, wait states continue to be inserted until the WAIT signal goes high.

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers
of wait states for different external devices.

If the wait count is 0, this mode operates in the same way as pin wait mode 0.

Figure 6.13 shows the timing when the wait count is 1 (WC1 =0, WCO = 1) and one additional
wait state is inserted by WAIT input.

Inserted by  Inserted by
wait count | WAIT signal

TSI A S

WAIT pin \ « /

Address bus X External address
AS
RD

Read

access Read data
Data bus
HWR, LWR

Write

access

Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6.13 Pin Wait Mode 1
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Pin Auto-Wait Mode: If the WAIT pin is low, the number of wait states (Tw) selected by bits
WCI1 and WCO are inserted.

In pin auto-wait mode, if the WAIT pin is low at the fall of the system clock (@) in the T, state, the
number of wait states (Tw) selected by bits WC1 and WCO are inserted. No additional wait states
are inserted even if the WAIT pin remains low. Pin auto-wait mode can be used for an easy
interface to low-speed memory, simply by routing the chip select signal to the WAIT pin.

Figure 6.14 shows the timing when the wait count is 1.

wJHf*/HHH*H\H

WAIT

Address bus X External address External address

X
s ]
]

1r

RD *’
Read
access Read data Read data
Data bus
HWR, LWR —\—’—‘
Write
access
Data bus Write data >—< Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6.14 Pin Auto-Wait Mode
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Programmable Wait Mode: The number of wait states (Ty) selected by bits WC1 and WCO are
inserted in all accesses to external three-state-access areas. Figure 6.15 shows the timing when the
wait count is 1 (WC1 =0, WCO0 = 1).

FT_1+T_24 w FT—3+
-

0 I s B

Address bus:>< External address

)
UL

RD
Read
access Read data
Data bus
HWR, LWR
Write
access
Data bus Write data >7

Figure 6.15 Programmable Wait Mode
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Example of Wait State Control Settings: A reset initializes ASTCR and WCER to H'FF and
WCR to H'F3, selecting programmable wait mode and three wait states for all areas. Software can
select other wait modes for individual areas by modifying the ASTCR, WCER, and WCR settings.
Figure 6.16 shows an example of wait mode settings.

3-state-access area,
Area 0 | programmable wait mode | -
(3 states inserted)
3-state-access area,
Area 1 programmable wait mode | -
(3 states inserted)

Area 2 3-state-access area, _
pin wait mode 0 h

3-state-access area,
pin wait mode 0

Area 3

2-state-access area,

Area 4 no wait states inserted =

2-state-access area,

Area 5 no wait states inserted

2-state-access area,

Area 6 no wait states inserted

2-state-access area,

Area 7 no wait states inserted T

Bt 7 6 5 4 3 2 1 0
ASTCR HoF: | 0 | o | o [ o | 1 | 1 [ 1] 1

WCER H33: [ 0 [ o | 1 | 1 o] o] 1] 1]

wer HF3: |0 | o o oo o] 1] 1]

Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR.

Figure 6.16 Wait Mode Settings (Example)
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6.3.6 Interconnections with Memory (Example)

For each area, the bus controller can select two- or three-state access and an 8- or 16-bit data bus
width. In three-state-access areas, wait states can be inserted in a variety of modes, simplifying the
connection of both high-speed and low-speed devices.

Figure 6.18 shows an example of interconnections between the H8/3048 Series and memory.
Figure 6.17 shows a memory map for this example.

A 256-kword x 16-bit EPROM is connected to area 0. This device is accessed in three states via a
16-bit bus.

Two 32-kword X 8-bit SRAM devices (SRAM1 and SRAM?2) are connected to area 1. These
devices are accessed in two states via a 16-bit bus.

One 32-kword X 8-bit SRAM (SRAM3) is connected to area 2. This device is accessed via an 8-bit
bus, using three-state access with an additional wait state inserted in pin auto-wait mode.

H’000000
EPROM
H'O7FFFF Area 0
16-bit, three-state-access area
Not used
H1FFFFF
H’200000
SRAM 1, 2
H'20FFFF Area 1
H’210000 16-bit, two-state-access area
Not used
H3FFFFF
H’400000
SRAM 3
H’407FFF Area 2
8-bit, three-state-access area
(one auto-wait state)
Not used
H'5FFFFF
On-chip RAM
H’FFFFFF Internal I/O registers

Figure 6.17 Memory Map (Example)
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EPROM

Agto Ay
A18t0 AO
K |/O15 to |/Og
H8/3048 Series
_ |l/0710l/0g
cs, — cE
TS, % — — OE
CS, %
SRAM1 (even addresses)
A5 to Ay
N R I A14 to AO
K /0710 1/0g
WAIT o
CS
RD — OE
HWR | WE
LWR SRAM2 (odd addresses)
A15 toA 1
A14t0 AO
Azto Ao 1107 to 110,
— Ccs
—— — OE
— WE
D;5toDg ‘ ‘ ‘
D, to D, > SRAM3
A14 toA 0
I R I A14t0 AO
<1 [ 1107 t01/0g
— cs
— — OE
— WE

Figure 6.18 Interconnections with Memory (Example)
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6.3.7 Bus Arbiter Operation

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There are
four bus masters: the CPU, DMA controller (DMAC), refresh controller, and an external bus
master. When a bus master has the bus right it can carry out read, write, or refresh access. Each
bus master uses a bus request signal to request the bus right. At fixed times the bus arbiter
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can
then operate using the bus.

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and
returns an acknowledge signal to the bus master if the bus request signal is active. When two or
more bus masters request the bus, the highest-priority bus master receives an acknowledge signal.
The bus master that receives an acknowledge signal can continue to use the bus until the
acknowledge signal is deactivated.

The bus master priority order is:
(High)  External bus master > refresh controller > DMAC > CPU (Low)

The bus arbiter samples the bus request signals and determines priority at all times, but it does not
always grant the bus immediately, even when it receives a bus request from a bus master with
higher priority than the current bus master. Each bus master has certain times at which it can
release the bus to a higher-priority bus master.

CPU: The CPU is the lowest-priority bus master. If the DMAC, refresh controller, or an external
bus master requests the bus while the CPU has the bus right, the bus arbiter transfers the bus right
to the bus master that requested it. The bus right is transferred at the following times:

* The bus right is transferred at the boundary of a bus cycle. If word data is accessed by two
consecutive byte accesses, however, the bus right is not transferred between the two byte
accesses.

e If another bus master requests the bus while the CPU is performing internal operations, such as
executing a multiply or divide instruction, the bus right is transferred immediately. The CPU
continues its internal operations.

* If another bus master requests the bus while the CPU is in sleep mode, the bus right is
transferred immediately.
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DMAC: When the DMAC receives an activation request, it requests the bus right from the bus
arbiter. If the DMAC is bus master and the refresh controller or an external bus master requests the
bus, the bus arbiter transfers the bus right from the DMAC to the bus master that requested the
bus. The bus right is transferred at the following times.

The bus right is transferred when the DMAC finishes transferring 1 byte or 1 word. A DMAC
transfer cycle consists of a read cycle and a write cycle. The bus right is not transferred between
the read cycle and the write cycle.

There is a priority order among the DMAC channels. For details see section 8.4.9, DMAC
Multiple-Channel Operation.

Refresh Controller: When a refresh cycle is requested, the refresh controller requests the bus
right from the bus arbiter. When the refresh cycle is completed, the refresh controller releases the
bus. For details see section 7, Refresh Controller.

External Bus Master: When the BRLE bit is set to 1 in BRCR, the bus can be released to an
external bus master. The external bus master has highest priority, and requests the bus right from
the bus arbiter by driving the BREQ signal low. Once the external bus master gets the bus, it keeps
the bus right until the BREQ signal goes high. While the bus is released to an external bus master,
the H8/3048 Series holds the address bus and data bus control signals (E, RD, HWR, and m)
in the high-impedance state, holds the chip select signals high (CS,: n =7 to 0), and holds the
BACK pin in the low output state.

The bus arbiter samples the BREQ pin at the rise of the system clock (¢). If BREQ is low, the bus
is released to the external bus master at the appropriate opportunity. The BREQ signal should be
held low until the BACK signal goes low.

When the BREQ pin is high in two consecutive samples, the BACK signal is driven high to end
the bus-release cycle.

Rev. 2.0, 02/03, page 150 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Figure 6.19 shows the timing when the bus right is requested by an external bus master during a
read cycle in a two-state-access area. There is a minimum interval of two states from when the
BREQ signal goes low until the bus is released.

CPU cycles ‘ External bus released ‘ CPU cycles
Ty T, |
v A O O e B
Add : : : High-impedance : :/—
ress >< Address | 1 1 1 ‘
bus ‘ / : ‘ : :
| 1 1 High level ! !
s, \ S 1 1 e
High-impedance
Data bus ] 1 1 ; i i
. : : : High-impedance : :
AS, RD High ! N\ L 9 P L /
f ‘ 1 High-impedance 1 1,—
HWR, LWR : \ : ’ p : ‘
BREQ | e | |
BACK | | | | )
! Minimum 2 cycles 1 1 1 l
- | | | |
1 2 3 4 5 6
n=7t0

1 Low BREQ signal is sampled at rise of T, state.

2 BACK signal goes low at end of CPU read cycle, releasing bus right to external bus master.
3 BREQ pin continues to be sampled while bus is released to external bus master.
4

6

, 5 HighBREQ signal is sampled twice consecutively.
BACK signal goes high, ending bus-release cycle.

Figure 6.19 External-Bus-Released State (Two-State-Access Area, During Read Cycle)
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6.4 Usage Notes

6.4.1 Connection to Dynamic RAM and Pseudo-Static RAM

A different bus control signal timing applies when dynamic RAM or pseudo-static RAM is
connected to area 3. For details see section 7, Refresh Controller.

6.4.2 Register Write Timing

ABWCR, ASTCR, and WCER Write Timing: Data written to ABWCR, ASTCR, or WCER
takes effect starting from the next bus cycle. Figure 6.20 shows the timing when an instruction
fetched from area 0 changes area 0 from three-state access to two-state access.

ﬁggress :>< >< ASTCR address >< ><

3-state access to area 0 ' 2-state access
toarea0

Figure 6.20 ASTCR Write Timing
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DDR Write Timing: Data written to a data direction register (DDR) to change a CS,, pin from
CS, output to generic input, or vice versa, takes effect starting from the T; state of the DDR write
cycle. Figure 6.21 shows the timing when the CS; pin is changed from generic input to CS; output.

T1 T2 T3
0 L
Address ! ‘ !
Ade >< P8DDR addreés ><
Cs, . /

High impedance

Figure 6.21 DDR Write Timing

BRCR Write Timing: Data written to switch between Ay;, A,), or A, output and generic input or
output takes effect starting from the T; state of the BRCR write cycle. Figure 6.22 shows the
timing when a pin is changed from generic input to Ay;, Ay, or A, output.

T T, LK
0 L
Address :
Ade >< BRCR address X
Agz 10 Agq ‘

High impedance :

Figure 6.22 BRCR Write Timing
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6.4.3 BREQ Input Timing

After driving the BREQ pin low, hold it low until BACK goes low. If BREQ returns to the high
level before BACK goes low, the bus arbiter may operate incorrectly.

To terminate the external-bus-released state, hold the BREQ signal high for at least three states. If
BREQ is high for too short an interval, the bus arbiter may operate incorrectly.

6.4.4 Transition To Software Standby Mode

If contention occurs between a transition to software standby mode and a bus request from an
external bus master, the bus may be released for one state just before the transition to software
standby mode (see figure 6.23). When using software standby mode, clear the BRLE bit to 0 in
BRCR before executing the SLEEP instruction.

Bus-released statei Software standby mode

BACK

Address bus

Strobe

Figure 6.23 Contention between Bus-Released State and Software Standby Mode
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Section 7 Refresh Controller

7.1 Overview

The H8/3048B Series has an on-chip refresh controller that enables direct connection of 16-bit-
wide DRAM or pseudo-static RAM (PSRAM).

DRAM or pseudo-static RAM can be directly connected to area 3 of the external address space.

A maximum 128 kbytes can be connected in modes 1, 2, and 5 (1-Mbyte modes). A maximum
2 Mbytes can be connected in modes 3, 4, and 6 (16-Mbyte modes).

Systems that do not need to refresh DRAM or pseudo-static RAM can use the refresh controller as
an 8-bit interval timer.

When the refresh controller is not used, it can be independently halted to conserve power. For
details see section 20.6, Module Standby Function.

7.1.1 Features

The refresh controller can be used for one of three functions: DRAM refresh control, pseudo-static
RAM refresh control, or 8-bit interval timing. Features of the refresh controller are listed below.

Features as a DRAM Refresh Controller

* Enables direct connection of 16-bit-wide DRAM

* Selection of 2CAS or 2WE mode

* Selection of 8-bit or 9-bit column address multiplexing for DRAM address input
Examples:
[0 1-Mbit DRAM: 8-bit row address X 8-bit column address
[0 4-Mbit DRAM: 9-bit row address X 9-bit column address
[1 4-Mbit DRAM: 10-bit row address x 8-bit column address

+ CAS-before-RAS refresh control

¢ Software-selectable refresh interval

¢ Software-selectable self-refresh mode

¢ Wait states can be inserted

Features as a Pseudo-Static RAM Refresh Controller
* RFSH signal output for refresh control

¢ Software-selectable refresh interval

e Software-selectable self-refresh mode
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e Wait states can be inserted

Features as an Interval Timer

¢ Refresh timer counter (RTCNT) can be used as an 8-bit up-counter
¢ Selection of seven counter clock sources: @2, @¢/8, @¢/32, ¢/128, @512, ¢/2048, ©4096

* Interrupts can be generated by compare match between RTCNT and the refresh time constant
register (RTCOR)

7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the refresh controller.

$/2, /8, $/32,
/128, $/512, Refresh signal
$/2048, $/4096 T

Clock selector

Control logic — CMIl interrupt

Comparator

) )

RTCNT
RTCOR
RTMCSR
RFSHCR

Bus interface
Internal data bus

(0 [ C

Module data bus

Legend

RTCNT:  Refresh timer counter

RTCOR: Refresh time constant register
RTMCSR: Refresh timer control/status register
RFSHCR: Refresh control register

Figure 7.1 Block Diagram of Refresh Controller
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7.1.3 Input/Output Pins

Table 7.1 summarizes the refresh controller’s input/output pins.

Table 7.1  Refresh Controller Pins
Signal
Pin Name Abbr. 1/10 Function
RFSH Refresh RFSH Output  Goes low during refresh cycles;
used to refresh DRAM and PSRAM
HWR  Upper write/upper column UW/UCAS Output Connects to the UW pin of 2WE
address strobe DRAM or UCAS pin of 2CAS DRAM
LWR  Lower write/lower column LW/LCAS Output  Connects to the LW pin of 2WE
address strobe DRAM or LCAS pin of 2CAS DRAM
RD Column address strobe/ ~ CAS/WE ~ Output  Connects to the CAS pin of 2WE
write enable DRAM or WE pin of 2CAS DRAM
CS; Row address strobe RAS Output  Connects to the RAS pin of DRAM
7.1.4 Register Configuration

Table 7.2 summarizes the refresh controller’s registers.

Table 7.2  Refresh Controller Registers

Address™ Name Abbreviation R/W Initial Value
H'FFAC Refresh control register RFSHCR R/W H'02
H'FFAD Refresh timer control/status register RTMCSR R/W H'07
H'FFAE Refresh timer counter RTCNT R/W H'00
H'FFAF Refresh time constant register RTCOR R/W H'FF

Note: * Lower 16 bits of the address.

RENESAS

Rev. 2.0, 02/03, page 157 of 860


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

7.2 Register Descriptions

7.2.1 Refresh Control Register (RFSHCR)

RFSHCR is an 8-bit readable/writable register that selects the operating mode of the refresh
controller.

Bit 7 6 5 4 3 2 1 0

‘ SRFMD ‘PSRAME‘ DRAME‘CAS/W‘ M9/M8 ‘ RFSHE ‘ ad ‘ RCYCE ‘
Initial value 0 0 0 0 0 0 1 0
Read/Write R/W R/W R/W R/W R/W R/W ad R/W

Refresh cycle
enable

Enables or
disables
insertion of
refresh cycles

Reserved bit

Refresh pin enable
Enables refresh signal output
from the refresh pin

Address multiplex mode select
Selects the number of column address bits

Strobe mode select
Selects 2CAS or 2WE strobing of DRAM

PSRAM enable and DRAM enable
These bits enable or disable connection of pseudo-static RAM and DRAM

Self-refresh mode
Selects self-refresh mode

RFSHCR is initialized to H'02 by a reset and in hardware standby mode.
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Bit 7—Self-Refresh Mode (SRFMD): Specifies DRAM or pseudo-static RAM self-refresh
during software standby mode. When PSRAME = | and DRAME = 0, after the SRFMD bit is set
to 1, pseudo-static RAM can be self-refreshed when the H8/3048 Series enters software standby
mode. When PSRAME = 0 and DRAME = 1, after the SRFMD bit is set to 1, DRAM can be self-
refreshed when the H8/3048B Series enters software standby mode. In either case, the normal
access state resumes on exit from software standby mode.

Bit 7: SRFMD Description
0 DRAM or PSRAM self-refresh is disabled in software standby mode

(Initial value)
1 DRAM or PSRAM self-refresh is enabled in software standby mode

Bit 6—PSRAM Enable (PSRAME) and
Bit 5—DRAM Enable (DRAME): These bits enable or disable connection of pseudo-static RAM
and DRAM to area 3 of the external address space.

When DRAM or pseudo-static RAM is connected, the bus cycle and refresh cycle of area 3 consist
of three states, regardless of the setting in the access state control register (ASTCR). If AST3 =0
in ASTCR, wait states cannot be inserted.

When the PSRAME or DRAME bit is set to 1, bits 0, 2, 3, and 4 in RFSHCR and registers
RTMCSR, RTCNT, and RTCOR are write-disabled, except that the CMF flag in RTMCSR can be
cleared by writing 0.

Bit 6: PSRAME Bit 5: DRAME Description
0 0 Can be used as an interval timer (Initial value)
(DRAM and PSRAM cannot be directly connected)
1 DRAM can be directly connected
1 0 PSRAM can be directly connected
Illegal setting

Bit 4—Strobe Mode Select (CAS/WE): Selects 2CAS or 2WE mode. The setting of this bit is
valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled when the PSRAME or
DRAME bit is set to 1.

Bit 4: CAS/WE Description
0 2WE mode (Initial value)
1 2CAS mode
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Bit 3—Address Multiplex Mode Select (M9/M8): Selects 8-bit or 9-bit column addressing.

The setting of this bit is valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled
when the PSRAME or DRAME bit is set to 1.

Bit 3: M9/M8 Description
0 8-bit column address mode (Initial value)
1 9-bit column address mode

Bit 2—Refresh Pin Enable (RFSHE): Enables or disables refresh signal output from the RFSH
pin. This bit is write-disabled when the PSRAME or DRAME bit is set to 1.

Bit 2: RFSHE Description

0 Refresh signal output at the RFSH pin is disabled (the RFSH pin can be used
as a generic input/output port) (Initial value)

1 Refresh signal output at the RFSH pin is enabled

Bit 1—Reserved: Read-only bit, always read as 1.
Bit 0—Refresh Cycle Enable (RCYCE): Enables or disables insertion of refresh cycles.

The setting of this bit is valid when PSRAME = 1 or DRAME = 1. When PSRAME = 0 and
DRAME = (0, refresh cycles are not inserted regardless of the setting of this bit.

Bit 0: RCYCE Description
0 Refresh cycles are disabled (Initial value)
1 Refresh cycles are enabled for area 3
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7.2.2 Refresh Timer Control/Status Register (RTMCSR)

RTMCSR is an 8-bit readable/writable register that selects the clock source for RTCNT. It also
enables or disables interrupt requests when the refresh controller is used as an interval timer.

Bit 7 6 5 4 3 2 1 0
| CMF | CMIE | cks2 | cKkst | ckso | o | o | O |
Initial value 0 0 0 0 0 1 1 1
Read/Write R/(W)* R/W R/W R/W R/W ] O O
| |
Clock select2to 0 Reserved bits

These bits select an
internal clock source
for input to RTCNT

Compare match interrupt enable
Enables or disables the CMI interrupt requested by CMF

Compare match flag
Status flag indicating that RTCNT has matched RTCOR

Note: * Only 0 can be written, to clear the flag.

Bits 7 and 6 are initialized by a reset and in standby mode. Bits 5 to 3 are initialized by a reset and
in hardware standby mode, but retain their previous values on transition to software standby mode.

Bit 7—Compare Match Flag (CMF): This status flag indicates that the RTCNT and RTCOR
values have matched.

Bit 7: CMF Description
0 [Clearing condition]

Cleared by reading CMF when CMF = 1, then writing 0 in CMF
1 [Setting condition]

When RTCNT = RTCOR

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables the CMI interrupt
requested when the CMF flag is set to 1 in RTMCSR. The CMIE bit is always cleared to 0 when
PSRAME =1 or DRAME = 1.

Bit 6: CMIE Description
0 The CMI interrupt requested by CMF is disabled (Initial value)
1 The CMI interrupt requested by CMF is enabled
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Bits 5 to 3—Clock Select 2 to 0 (CKS2 to CKS0): These bits select an internal clock source for
input to RTCNT. When used for refresh control, the refresh controller outputs a refresh request at
periodic intervals determined by compare match between RTCNT and RTCOR. When used as an
interval timer, the refresh controller generates CMI interrupts at periodic intervals determined by
compare match. These bits are write-disabled when the PSRAME bit or DRAME bit is set to 1.

Bit 5: CKS2 Bit 4: CKS1 Bit 3: CKS0 Description
0 0 0 Clock input is disabled (Initial value)
1 @2 clock source
1 0 @8 clock source
1 @32 clock source
1 0 0 @128 clock source
1 @512 clock source
1 0 @'2048 clock source
1 @4096 clock source

Bits 2 to 0—Reserved: Read-only bits, always read as 1.

7.2.3 Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit readable/writable up-counter.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT is an up-counter that is incremented by an internal clock selected by bits CKS2 to CKS0
in RTMCSR. When RTCNT matches RTCOR (compare match), the CMF flag is set to 1 and
RTCNT is cleared to H'00.

RTCNT is write-disabled when the PSRAME bit or DRAME bit is set to 1. RTCNT is initialized
to H'00 by a reset and in standby mode.
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7.2.4 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit readable/writable register that determines the interval at which RTCNT is
compare matched.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR and RTCNT are constantly compared. When their values match, the CMF flag is set to 1
in RTMCSR, and RTCNT is simultaneously cleared to H'00.

RTCOR is write-disabled when the PSRAME bit or DRAME bit is set to 1. RTCOR is initialized
to H'FF by a reset and in hardware standby mode. In software standby mode it retains its previous
value.
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7.3

7.31

Operation

Overview

One of three functions can be selected for the H8/3048B Series refresh controller: interfacing to
DRAM connected to area 3, interfacing to pseudo-static RAM connected to area 3, or interval
timing. Table 7.3 summarizes the register settings when these three functions are used.

Table 7.3  Refresh Controller Settings
Usage
Register Settings DRAM Interface PSRAM Interface Interval Timer
RFSHCR SRFMD Selects self-refresh Selects self-refresh Cleared to 0
mode mode
PSRAME Cleared to 0 Setto 1 Cleared to 0
DRAME Setto 1 Cleared to 0 Cleared to 0
CAS/WE Selects 2CAS or — —
2WE mode
M9/M8 Selects column — —
addressing mode
RFSHE Selects RFSH signal  Selects RFSH signal  Cleared to 0
output output
RCYCE Selects insertion of Selects insertion of —
refresh cycles refresh cycles
RTCOR Refresh interval Refresh interval Interrupt interval
RTMCSR CKS2 to setting setting setting
CKSO0
CMF Set to 1 when Set to 1 when Set to 1 when
RTCNT = RTCOR RTCNT = RTCOR RTCNT = RTCOR
CMIE Cleared to 0 Cleared to 0 Enables or disables
interrupt requests
P8DDR P8,DDR Setto 1 (CSz output) Setto 1 (CSz output) Setto 0 or 1
ABWCR ABW3 Cleared to 0 — —
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DRAM Interface: To set up area 3 for connection to 16-bit-wide DRAM, initialize RTCOR,
RTMCSR, and RFSHCR in that order, clearing bit PSRAME to 0 and setting bit DRAME to 1.
Set bit P8, DDR to 1 in the port 8 data direction register (PSDDR) to enable CS; output. In
ABWCR, make area 3 a 16-bit-access area.

Pseudo-Static RAM Interface: To set up area 3 for connection to pseudo-static RAM, initialize
RTCOR, RTMCSR, and RFSHCR in that order, setting bit PSRAME to 1 and clearing bit
DRAME to 0. Set bit P8;DDR to 1 in PSDDR to enable CS; output.

Interval Timer: When PSRAME = 0 and DRAME = 0, the refresh controller operates as an
interval timer. After setting RTCOR, select an input clock in RTMCSR and set the CMIE bit to 1.
CMI interrupts will be requested at compare match intervals determined by RTCOR and bits
CKS2 to CKS0 in RTMCSR.

When setting RTCOR, RTMCSR, and RFSHCR, make sure that PSRAME = 0 and DRAME = 0.
Writing is disabled when either of these bits is set to 1.
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7.3.2 DRAM Refresh Control

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is
determined by the settings of RTCOR and bits CKS2 to CKS0 in RTMCSR. Figure 7.2 illustrates
the refresh request interval.

RTCOR

oo 0 e

Refresh request [ ] [ ] [] [ ] [ ]

Figure 7.2 Refresh Request Interval (RCYCE =1)

Refresh requests are generated at regular intervals as shown in figure 7.2, but the refresh cycle is
not actually executed until the refresh controller gets the bus right.

Table 7.4 summarizes the relationship among area 3 settings, DRAM read/write cycles, and
refresh cycles.

Table 7.4  Area 3 Settings, DRAM Access Cycles, and Refresh Cycles

Read/Write Cycle by CPU

Area 3 Settings or DMAC Refresh Cycle

2-state-access area * 3 states e 3 states

(AST3=0) * Wait states cannot be inserted * Wait states cannot be inserted
3-state-access area ¢ 3 states ¢ 3 states

(AST3 =1) « Wait states can be inserted « Wait states can be inserted

To insert refresh cycles, set the RCYCE bit to 1 in RESHCR. Figure 7.3 shows the state transitions
for execution of refresh cycles.

When the first refresh request occurs after exit from the reset state or standby mode, the refresh
controller does not execute a refresh cycle, but goes into the refresh request pending state. Note
this point when using a DRAM that requires a refresh cycle for initialization.
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When a refresh request occurs in the refresh request pending state, the refresh controller acquires
the bus right, then executes a refresh cycle. If another refresh request occurs during execution of
the refresh cycle, it is ignored.

Exit from reset or standby mode

Refresh request

End of refresh
cycle*

Refresh request pending state

Refresh request

izfl';‘zzrt‘* Requesting bus right
Bus granted
rResz‘ZZ't‘* Executing refresh cycle

Note: * A refresh request is ignored if it occurs while the refresh controller is requesting the
bus right or executing a refresh cycle.

Figure 7.3 State Transitions for Refresh Cycle Execution
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Address Multiplexing: Address multiplexing depends on the setting of the M9/M8 bit in
RFSHCR, as described in table 7.5. Figure 7.4 shows the address output timing. Address output is
multiplexed only in area 3.

Table 7.5  Address Multiplexing

Az to
Address Pins A1 Ag As A7 As As Ay As Az Aq Ao

Address signals during row Axto As As Ar As As Ar Az A2 A1 Ao
address output Ao

Address signals M9/M8 = 0 Axto Ag Ao A Ais A Az Az A A Ao
during column A1

address output g/ = 1 Axzto Ais A1z Ae Ais Ay Az Az A A Ao
Ao

T T T

° I S N S e

AytoAg, A, >< AgtoAg A ><
Address
bus
AgtoA, X agor, X Argto Ag X
Row address Column address
a. M9/M8 =0
T e Ty e Ty
0 S N S N S
AxtoAy, A >< Ag3to A, Ag ><
Address
bus
Ao to A, X Agor, X AgtoAsg X
Row address Column address
b. M9/M8 =1

Figure 7.4 Multiplexed Address Output (Example without Wait States)
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2CAS and 2WE Modes: The CAS/WE bit in RFSHCR can select two control modes for 16-bit-
wide DRAM: one using UCAS and LCAS; the other using UW and LW. These DRAM pins
correspond to H8/3048B Series pins as shown in table 7.6.

Table 7.6  DRAM Pins and H8/3048 Series Pins

DRAM Pin

H8/3048B Series Pin CAS/WE = 0 (2WE Mode) CAS/WE = 1 (2CAS Mode)
HWR uw UCAS

LWR ow LCAS

RD CAS WE

CS; RAS RAS

Figure 7.5 (1) shows the interface timing for 2WE DRAM. Figure 7.5 (2) shows the interface
timing for 2CAS DRAM.

Read cycle ‘ Write cycle* Refresh cycle

ﬁggress X Row Column >< Row Column >< Area 3 top address | X

CS; ! : 1 ‘
(RAS) 1 1

(CAS 1 I—, ,—_I I-
& iy
W o

(Lw)

Note: *16-bit access

Figure 7.5(1) DRAM Control Signal Output Timing (2WE Mode)
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Read cycle ‘ Write cycle* Refresh cycle

Add :/\1 ( : : X
busress X Row Column >< Row Column >< Area 3 top address |

Note: *16-bit access

Figure 7.5(2) DRAM Control Signal Output Timing (2CAS Mode)
Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is:
(High) External bus master > refresh controller > DMA controller > CPU (Low)
For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion: When bit AST3 is set to 1 in ASTCR, bus controller settings can cause wait
states to be inserted into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes.
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Self-Refresh Mode: Some DRAM devices have a self-refresh function. After the SRFMD bit is
set to 1 in RFSHCR, when a transition to software standby mode occurs, the CAS and RAS
outputs go low in that order so that the DRAM self-refresh function can be used. On exit from
software standby mode, the CAS and RAS outputs both go high.

Table 7.7 shows the pin states in software standby mode. Figure 7.6 shows the signal output
timing.

Table 7.7  Pin States in Software Standby Mode (1) (PSRAME = 0, DRAME = 1)

Software Standby Mode

SRFMD =0 SRFMD = 1 (self-refresh mode)
Signal CAS/WE=0 CAS/WE =1 CAS/WE=0 CAS/WE =1
HWR High-impedance High-impedance High Low
LWR High-impedance High-impedance High Low
RD High-impedance High-impedance Low High
CS; High High Low Low
RFSH High High Low Low
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Software : Oscillator

standby mode 3 settling time
; (0 : (0
0 oL LY 1 L L]
Address High-impedance ‘
bus :
CS; (RAS) | |
RO(CAS) | | |
HWR (UW) High
LWR (LW) High
RFSH

a. 2 WE mode (SRFMD = 1)

Software : Oscillator
standby mode } settling time
( ( 1 ( (

)] 1 )] ’—‘ ’—‘

High-impedance

RS

Address

b. 2 CAS mode (SRFMD = 1)

Figure 7.6 Signal Output Timing in Self-Refresh Mode (PSRAME = 0, DRAME = 1)
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Operation in Power-Down State: The refresh controller operates in sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT is initialized, but RFSHCR,
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby
mode.

Example 1: Connection to 2WE 1-Mbit DRAM (1-Mbyte Mode): Figure 7.7 shows typical
interconnections to a 2WE 1-Mbit DRAM, and the corresponding address map. Figure 7.8 shows a
setup procedure to be followed by a program for this example. After power-up the DRAM must be
refreshed to initialize its internal state. Initialization takes a certain length of time, which can be
measured by using an interrupt from another timer module, or by counting the number of times
RTMCSR bit 7 (CMF) is set. Note that no refresh cycle is executed for the first refresh request
after exit from the reset state or standby mode (the first time the CMF flag is set; see figure 7.3).
When using this example, check the DRAM device characteristics carefully and use a procedure
that fits them.

2 WE 1-Mbit DRAM with
x 16-bit organization

H8/3048B Series
8 A7
A7 Ag
As As
As Ay
Ay Az
As Az
As Aq
Aq Ao
CS; % RAS
RD CAS
HWR uw
LWR w
OE
Dysto Dy 110,45 t0 110,

a. Interconnections (example)

H’60000
DRAM area Area 3 (1-Mbyte mode)

H'7FFFF

b. Address map

Figure 7.7 Interconnections and Address Map for 2WE 1-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P81 DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure 7.8 Setup Procedure for 2WE 1-Mbit DRAM (1-Mbyte Mode)
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Example 2: Connection to 2WE 4-Mbit DRAM (16-Mbyte Mode): Figure 7.9 shows typical
interconnections to a single 2WE 4-Mbit DRAM, and the corresponding address map. Figure 7.10
shows a setup procedure to be followed by a program for this example.

The DRAM in this example has 10-bit row addresses and 8-bit column addresses. Its address area
is H'600000 to H'6 7FFFF.

2 WE 4-Mbit DRAM with 10-bit
row address, 8-bit column address,
and x 16-bit organization

H8/3048B Series
18 Ag
A1z Asg
Ag A7
A7 A6
AG A5
As Ay
A4 A3
A3 A2
A, A
A1 AO
_SA3 % RAS
RD CAS
HWR uw
LWR @
OE
Dysto Dy 1104510 110
a. Interconnections (example)
H'600000 .
DRAM area
H'67FFFF
H'680000
Area 3 (16-Mbyte mode)
Not used
H'7FFFFF Y

b. Address map

Figure 7.9 Interconnections and Address Map for 2WE 4-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P84 DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure 7.10 Setup Procedure for 2WE 4-Mbit DRAM with 10-Bit Row Address and 8-Bit
Column Address (16-Mbyte Mode)
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Example 3: Connection to 2CAS 4-Mbit DRAM (16-Mbyte Mode): Figure 7.11 shows typical
interconnections to a single 2CAS 4-Mbit DRAM, and the corresponding address map.

Figure 7.12 shows a setup procedure to be followed by a program for this example.

The DRAM in this example has 9-bit row addresses and 9-bit column addresses. Its address area is

H'600000 to H'67FFFF.

2 CAS 4-Mbit DRAM with 9-bit
row address, 9-bit column address,
and x 16-bit organization

H8/3048B Series  Ag Ag
A1 AO
_@3 % RAS
HWR UCAS
LWR LCAS
RD WE
OE
D15t0 DO |/O15t0 I/OO
a. Interconnections (example)
H’600000 A
DRAM area
H'67FFFF
H’680000
Not used Area 3 (16-Mbyte mode)
H7FFFFF \

b. Address map

Figure 7.11 Interconnections and Address Map for 2CAS 4-Mbit DRAM (Example)

RENESAS
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Set area 3 for 16-bit access

Set P84 DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H’3B in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure 7.12 Setup Procedure for 2CAS 4-Mbit DRAM with 9-Bit Row Address and 9-Bit
Column Address (16-Mbyte Mode)
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Example 4: Connection to Multiple 4-Mbit DRAM Chips (16-Mbyte Mode): Figure 7.13
shows an example of interconnections to two 2CAS 4-Mbit DRAM chips, and the corresponding
address map. Up to four DRAM chips can be connected to area 3 by decoding upper address bits

A19 and Azo.

Figure 7.14 shows a setup procedure to be followed by a program for this example. The DRAM in
this example has 9-bit row addresses and 9-bit column addresses. Both chips must be refreshed
simultaneously, so the RFSH pin must be used.

2 CAS 4-Mbit DRAM with 9-bit
row address, 9-bit column
address, and x 16-bit organization

H8/3048B Series [ AgtoAg
' 4DDHR RAS
Atg
Agto Ay
UCAS No. 1
LCAS
| WE
OE
1/045 to 110,
Agto Ay
oss |+ 1 [ gy S
HWR UCAS
WR LCAS No. 2
R WE
RFSH %—% L oe
Dis to Do 11045 to 110,
a. Interconnections (example)
H’600000 No. 1
H'67FFFF DRAM area
H'680000 No. 2
HeFFEFE | DRAM area
H'700000 Area 3 (16-Mbyte mode)
Not used
H'7FFFFF

b.

Address map

Figure 7.13 Interconnections and Address Map for Multiple 2CAS 4-Mbit DRAM Chips

(Example)
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Set area 3 for 16-bit access

Set P8,DDR to 1 for CS5 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'3F in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure 7.14 Setup Procedure for Multiple 2CAS 4-Mbit DRAM Chips with 9-Bit Row
Address and 9-Bit Column Address (16-Mbyte Mode)
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7.3.3 Pseudo-Static RAM Refresh Control

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is
determined as in a DRAM interface, by the settings of RTCOR and bits CKS2 to CKSO0 in
RTMCSR. The numbers of states required for pseudo-static RAM read/write cycles and refresh
cycles are the same as for DRAM (see table 7.4). The state transitions are as shown in figure 7.3.

Pseudo-Static RAM Control Signals: Figure 7.15 shows the control signals for pseudo-static
RAM read, write, and refresh cycles.

| Read cycle | Write cycle * | Refresh cycle |

Addross j>< >< " Area 3 top address ><:
s, | ] |
. L
wn N
o N |
A T o B B

Note: * 16-bit access

Figure 7.15

Pseudo-Static RAM Control Signal Output Timing
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Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is:
(High) External bus master > refresh controller > DMA controller > CPU (Low)
For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion: When bit AST3 is set to 1 in ASTCR, the wait state controller (WSC) can
insert wait states into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes.

Self-Refresh Mode: Some pseudo-static RAM devices have a self-refresh function. After the
SRFMD bit is set to 1 in RFSHCR, when a transition to software standby mode occurs, the
H8/3048 Series’ CS; output goes high and its RFSH output goes low so that the pseudo-static
RAM self-refresh function can be used. On exit from software standby mode, the RESH output
goes high.

Table 7.8 shows the pin states in software standby mode. Figure 7.16 shows the signal output
timing.

Table 7.8  Pin States in Software Standby Mode (2) (PSRAME =1, DRAME = ()

Software Standby Mode

Signal SRFMD =0 SRFMD = 1 (Self-Refresh Mode)
CS; High High

RD High-impedance High-impedance

HWR High-impedance High-impedance

LWR High-impedance High-impedance

RFSH High Low
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Oscillator

Software standby mode settling time

3
A N O

Address N High-impedance ;

((
)T

High-impedance

. : High-impedance
RD |

High-impedance

Figure 7.16 Signal Output Timing in Self-Refresh Mode (PSRAME =1, DRAME = 0)

Operation in Power-Down State: The refresh controller operates in sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT is initialized, but RFSHCR,
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby
mode.

Example: Pseudo-static RAM may have separate OE and RESH pins, or these may be combined
into a single OE/RFSH pin. Figure 7.17 shows an example of a circuit for generating an OE/RFSH
signal. Check the device characteristics carefully, and design a circuit that fits them. Figure 7.18
shows a setup procedure to be followed by a program.

H8/3048B Series PSRAM

OE/RFSH

Figure 7.17 Interconnection to Pseudo-Static RAM with OE/RFSH Signal (Example)
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Set P8, DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'47 in RFSHCR

Wait for PSRAM to be initialized

i

PSRAM can be accessed

Figure 7.18 Setup Procedure for Pseudo-Static RAM
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7.3.4 Interval Timer

To use the refresh controller as an interval timer, clear the PSRAME and DRAME both to 0. After
setting RTCOR, select a clock source with bits CKS2 to CKS0 in RTMCSR, and set the CMIE bit
to 1.

Timing of Setting of Compare Match Flag and Clearing by Compare Match: The CMF flag
in RTCSR is set to 1 by a compare match signal output when the RTCOR and RTCNT values
match. The compare match signal is generated in the last state in which the values match (when
RTCNT is updated from the matching value to a new value). Accordingly, when RTCNT and
RTCOR match, the compare match signal is not generated until the next counter clock pulse.
Figure 7.19 shows the timing.

9 N
RTCNT N X H'00
RTCOR N
Compare ,—I
match signal

b
CMF flag

Figure 7.19 Timing of Setting of CMF Flag

Operation in Power-Down State: The interval timer function operates in sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT and RTMCSR bits 7 and 6
are initialized, but RTMCSR bits 5 to 3 and RTCOR retain their settings prior to the transition to
software standby mode.
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Contention between RTCNT Write and Counter Clear: If a counter clear signal occurs in the
T; state of an RTCNT write cycle, clearing of the counter takes priority and the write is not

performed. See figure 7.20.

Address bus

Internal
write signal

Counter
clear signal

RTCNT

RTCNT write cycle by CPU

T4 T2 T3

X

RTCNT address ><

N >< H'00

Figure 7.20 Contention between RTCNT Write and Clear
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Contention between RTCNT Write and Increment: If an increment pulse occurs in the Tj; state
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 7.21.

RTCNT write cycle by CPU

Address bus X RTCNT address ><

Internal
write signal

RTCNT
input clock

RTCNT N >< M

Counter write data

Figure 7.21 Contention between RTCNT Write and Increment
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Contention between RTCOR Write and Compare Match: If a compare match occurs in the T;
state of an RTCOR wrrite cycle, writing takes priority and the compare match signal is inhibited.
See figure 7.22.

RTCOR write cycle by CPU

Ty T, T3
()
Address bus X RTCNT address ><
Internal
write signal
RTCNT N >< N+ 1
RTCOR N >< g M
RTCOR write data
Compare
match signal : AN
Inhibited

Figure 7.22 Contention between RTCOR Write and Compare Match

RTCNT Operation at Internal Clock Source Switchover: Switching internal clock sources may
cause RTCNT to increment, depending on the switchover timing. Table 7.9 shows the relation
between the time of the switchover (by writing to bits CKS2 to CKS0) and the operation of
RTCNT.

The RTCNT input clock is generated from the internal clock source by detecting the falling edge
of the internal clock. If a switchover is made from a high clock source to a low clock source, as in
case No. 3 in table 7.9, the switchover will be regarded as a falling edge, an RTCNT clock pulse
will be generated, and RTCNT will be incremented.
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Table 7.9

No.

CKS2 to CKS0
Write Timing

Internal Clock Switchover and RTCNT Operation

RTCNT Operation

1

Low - low switchover*'

wwee | L

New clock
source

RTCNT
clock

RTCNT

CKS bits rewritten

2

Low - high switchover*

couree " _| §

New clock
source

sico N | 1 B

RTCNT N X N+1 X N+2 ¥

CKS bits rewritten
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CKS2 to CKS0
No. Write Timing RTCNT Operation

3 High - low switchover*

Old clock
source

New clock

source ‘

RTCNT —

clock I_I @ I_I
RTCNT N N+t X N+2 X

CKS bits rewritten

4 High - high switchover* ;
Old clock _,—\—,—\—,—\—
source

New clock
source

RTCNT
clock

RTCNT N o X N+1 X N+32 X

CKS bits rewritten

Notes: *1 Including switchovers from a low clock source to the halted state, and from the halted
state to a low clock source.

*2 Including switchover from the halted state to a high clock source.
*3 Including switchover from a high clock source to the halted state.
*4 The switchover is regarded as a falling edge, causing RTCNT to increment.
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7.4 Interrupt Source

Compare match interrupts (CMI) can be generated when the refresh controller is used as an
interval timer. Compare match interrupt requests are masked/unmasked with the CMIE bit of
RTMCSR.

7.5 Usage Notes
When using the DRAM or pseudo-static RAM refresh function, note the following points:

e With the refresh controller, if directly connected DRAM or PSRAM is disconnected*, the
P8y/RFSH/IRQ, pin and the P81/§3/IRQ1 pin may both become low-level outputs
simultaneously.

Note: * When the DRAM enable bit (DRAME) or PSRAM enable bit (PSRAME) in the refresh
control register (RFSHCR) is cleared to 0 after being set to 1.

B B e B e B e B

Address bus >< Area 3 start address

P8y/RFSH/IRQq

P8,/CSIRQ,

+ -

Figure 7.23 Operation when DRAM/PSRAM Connection is Switched

¢ Refresh cycles are not executed while the bus is released, during software standby mode, and
when a bus cycle is greatly prolonged by insertion of wait states. When these conditions occur,
other means of refreshing are required.

e Ifrefresh requests occur while the bus is released, the first request is held and one refresh cycle
is executed after the bus-released state ends. Figure 7.24 shows the bus cycles in this case.
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Bus-released state | Refreshcycle | CPUcycle | Refresh cycle

SV
. B e S

Refresh
request ﬂ m

BACK \

Figure 7.24 Refresh Cycles when Bus is Released

If a bus cycle is prolonged by insertion of wait states, the first refresh request is held, as in the
bus-released state.

If there is contention with a bus request from an external bus master when making a transition
to software standby mode, a one-state bus-released state may occur immediately before the
transition to software standby mode (see figure 7.25).

When using software standby mode, clear the BRLE bit to 0 in BRCR before executing the
SLEEP instruction.

When making a transition to self-refresh mode, the strobe waveform output may not be
guaranteed due to the same kind of contention. This, too, can be prevented by clearing the
BRLE bit to 0 in BRCR.

iExternaI bus Software standby mode
‘released state!

BREQ
Address bus /

Strobe

Figure 7.25 Contention between Bus-Released State and Software Standby Mode
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Section & DMA Controller

8.1 Overview

The H8/3048B Series has an on-chip DMA controller (DMAC) that can transfer data on up to four
channels.

When the DMA controller is not used, it can be independently halted to conserve power. For
details see section 20.6, Module Standby Function.

8.1.1 Features
DMAC features are listed below.

¢ Selection of short address mode or full address mode
Short address mode
[0 8-bit source address and 24-bit destination address, or vice versa
[0 Maximum four channels available
O Selection of I/O mode, idle mode, or repeat mode
Full address mode
[0 24-bit source and destination addresses
[0 Maximum two channels available
[0 Selection of normal mode or block transfer mode
¢ Directly addressable 16-Mbyte address space
¢ Selection of byte or word transfer

* Activation by internal interrupts, external requests, or auto-request (depending on transfer
mode)

0 16-bit integrated timer unit (ITU) compare match/input capture interrupts (four)

0 Serial communication interface (SCI channel 0) transmit-data-empty/receive-data-full
interrupts

0 External requests

(] Auto-request
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8.1.2 Block Diagram

Figure 8.1 shows a DMAC block diagram.

Internal address bus

]

[
Internal IMIAQ —»] = Address buffer [
interrupts IMIA1 —
IMIA2 —» Arithmetic-logic unit\©
IMIA3 —>
TXIO — MAROA
RXI0 Channel
> OA IOAROA
DREQO—=|  Control logic Channel ETCROA
DREQT — 0 MAROB
TENDO =—|
TENDT <—| Chgg”e' IOAROB
DTCROA ETCROB
Interrupt  DENDOA —=— DTCROB MAR1A
signals DENDOB -—
9 DEND1A < DTCRI1A Ch?;”e' IOAR1A
DEND1B ~—
DTCR1B Channel ETCR1A
1 MAR1B
Channel |OAR1B
1B
Data buffer ETCR1B

>

Internal data bus

Legend

DTCR: Data transfer control register
MAR: Memory address register
I0OAR: /O address register

ETCR: Execute transfer count register

Figure 8.1 Block Diagram of DMAC
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8.1.3 Functional Overview
Table 8.1 gives an overview of the DMAC functions.

Table 8.1 DMAC Functional Overview

Address
Reg. Length
Transfer Mode Activation Source Destination
Short I/0 mode « Compare match/ 24 8
add(;ess Transfers one byte or one word input capture A
mode per request interrupts from ITU
¢ Increments or decrements the channels 0 to 3
memory address by 1 or 2 ¢ Transmit-data-empty
« Executes 1 to 65,536 transfers interrupt from SCI
channel 0
Idle mode
* Receive-data-full 8 24
» Transfers one byte or one word .
interrupt from SCI
per request
i channel 0
¢ Holds the memory address fixed
* Executes 1 to 65,536 transfers » External request 24 8

Repeat mode

e Transfers one byte or one word per
request

¢ Increments or decrements the
memory address by 1 or 2

« Executes a specified number (1 to
255) of transfers, then returns to
the initial state and continues
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Address
Reg. Length

Transfer Mode Activation Source Destination

Full Normal mode * Auto-request 24 24
address

¢ Auto-request e External request
mode q 9

O Retains the transfer request
internally

O Executes a specified number

(1 to 65,536) of transfers
continuously

O Selection of burst mode or
cycle-steal mode

¢ External request

O Transfers one byte or one
word per request

0 Executes 1 to 65,536 transfers

Block transfer « Compare match/ 24 24
« Transfers one block of a specified input capture A
size per request interrupts from ITU

* Executes 1 to 65,536 transfers channels 0 to 3

¢ Allows either the source or *  External request

destination to be a fixed block
area

« Block size can be 1 to 255 bytes
or words
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8.14 Input/Output Pins
Table 8.2 lists the DMAC pins.

Table 8.2 DMAC Pins

Abbre- Input/
Channel Name viation Output Function
0 DMA request 0 DREQo Input External request for DMAC channel 0
Transfer end 0 TENDg Output Transfer end on DMAC channel 0
1 DMA request 1 DREQ; Input External request for DMAC channel 1
Transfer end 1 TEND; Output Transfer end on DMAC channel 1

Note: External requests cannot be made to channel A in short address mode.

8.1.5 Register Configuration

Table 8.3 lists the DMAC registers.

RENESAS
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Table 8.3

DMAC Registers

Channel Address® Name Abbreviation R/W Initial Value

0 H'FF20 Memory address register 0OAR MAROAR R/W H'FF
H'FF21 Memory address register OAE MAROAE R/W Undetermined
H'FF22 Memory address register 0OAH MAROAH R/W Undetermined
H'FF23 Memory address register OAL MAROAL R/W Undetermined
H'FF26 I/O address register 0A I0AROA R/W Undetermined
H'FF24 Execute transfer count register 0AH ETCROAH R/W Undetermined
H'FF25 Execute transfer count register OAL ETCROAL R/W Undetermined
H'FF27 Data transfer control register 0OA DTCROA R/W H'00
H'FF28 Memory address register 0BR MAROBR R/W H'FF
H'FF29 Memory address register OBE MAROBE R/W Undetermined
H'FF2A Memory address register 0BH MAROBH R/W Undetermined
H'FF2B Memory address register OBL MAROBL R/W Undetermined
H'FF2E I/O address register 0B I0AROB R/W Undetermined
H'FF2C Execute transfer count register 0BH ETCROBH R/W Undetermined
H'FF2D Execute transfer count register OBL ETCROBL R/W Undetermined
H'FF2F Data transfer control register 0B DTCROB R/W H'00

1 H'FF30 Memory address register 1AR MAR1AR R/W H'FF
H'FF31 Memory address register 1AE MAR1AE R/W Undetermined
H'FF32 Memory address register 1AH MAR1AH R/W Undetermined
H'FF33 Memory address register 1AL MAR1AL R/W Undetermined
H'FF36 I/O address register 1A I0AR1A R/W Undetermined
H'FF34 Execute transfer count register 1AH ETCR1AH R/W Undetermined
H'FF35 Execute transfer count register 1AL ETCR1AL R/W Undetermined
H'FF37 Data transfer control register 1A DTCR1A R/W H'00
H'FF38 Memory address register 1BR MAR1BR R/W H'FF
H'FF39 Memory address register 1BE MAR1BE R/W Undetermined
H'FF3A Memory address register 1BH MAR1BH R/W Undetermined
H'FF3B Memory address register 1BL MAR1BL R/W Undetermined
H'FF3E I/O address register 1B I0AR1B R/W Undetermined
H'FF3C Execute transfer count register 1BH ETCR1BH R/W Undetermined
H'FF3D Execute transfer count register 1BL ETCR1BL R/W Undetermined
H'FF3F Data transfer control register 1B DTCR1B R/W H'00

Note: * The lower 16 bits of the address are indicated.
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8.2 Register Descriptions (Short Address Mode)

In short address mode, transfers can be carried out independently on channels A and B. Short
address mode is selected by bits DTS2A and DTS1A in data transfer control register A (DTCRA)
as indicated in table 8.4.

Table 8.4  Selection of Short and Full Address Modes

Bit 2: Bit 1:
Channel DTS2A DTS1A Description
0 1 1 DMAC channel 0 operates as one channel in full address
mode
Other than above DMAC channels OA and OB operate as two independent
channels in short address mode
1 1 1 DMAC channel 1 operates as one channel in full address
mode
Other than above DMAC channels 1A and 1B operate as two independent

channels in short address mode

8.2.1 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register that specifies a source or
destination address. The transfer direction is determined automatically from the activation source.

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved: they cannot be modified and are always read as 1.

Bit 3130 29 28 27 26 256 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 11 1 1 1 1 1 1 Undetermined

ReadWrite 0O O 0O O 0O 0O O O RWRWRMWRMWRWRMWRWRWRWR/W RWRW RW RW R/W RW RW RW RW R/W RW RW RW RW

MARR MARE MARH MARL

Source or destination address

An MAR functions as a source or destination address register depending on how the DMAC is
activated: as a destination address register if activation is by a receive-data-full interrupt from the
serial communication interface (SCI) (channel 0), and as a source address register otherwise.
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The MAR value is incremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 8.2.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by a reset or in standby mode.

8.2.2 I/O Address Registers (IOAR)
An I/O address register (IOAR) is an 8-bit readable/writable register that specifies a source or

destination address. The IOAR value is the lower 8 bits of the address. The upper 16 address bits
are all 1 (H'FFFF).

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Source or destination address

An IOAR functions as a source or destination address register depending on how the DMAC is
activated: as a source address register if activation is by a receive-data-full interrupt from the SCI
(channel 0), and as a destination address register otherwise.

The IOAR value is held fixed. It is not incremented or decremented when a transfer is executed.

The IOARSs are not initialized by a reset or in standby mode.
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8.2.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the
number of transfers to be executed. These registers function in one way in I/O mode and idle
mode, and another way in repeat mode.

¢ I/O mode and idle mode

Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value ‘ ‘ ‘ ‘ ‘ ‘ ‘ Undetermined ‘ ‘ ‘ ‘ ‘ ‘ ‘
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

In I/O mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by

1 each time one transfer is executed. The transfer ends when the count reaches H'0000.

* Repeat mode

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCRH

Transfer counter

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCRL

Initial count

In repeat mode, ETCRH functions as an 8-bit transfer counter and ETCRL holds the initial
transfer count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRH
reaches H'00, the value in ETCRL is reloaded into ETCRH and the same operation is repeated.

The ETCRs are not initialized by a reset or in standby mode.
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8.2.4 Data Transfer Control Registers (DTCR)

A data transfer control register (DTCR) is an 8-bit readable/writable register that controls the
operation of one DMAC channel.

Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer select
Enables or disables These bits select the data
data transfer transfer activation source
Data transfer size Data transfer interrupt enable
Selects byte or Enables or disables the CPU interrupt
word size at the end of the transfer

Data transfer
increment/decrement
Selects whether to
increment or decrement
the memory address
register

Repeat enable
Selects repeat
mode

The DTCRs are initialized to H'00 by a reset and in standby mode.

Bit 7—Data Transfer Enable (DTE): Enables or disables data transfer on a channel. When the
DTE bit is set to 1, the channel waits for a transfer to be requested, and executes the transfer when
activated as specified by bits DTS2 to DTS0. When DTE is 0, the channel is disabled and does not
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1.

Bit 7: DTE Description

0 Data transfer is disabled. In I/O mode or idle mode, DTE is cleared to 0 when
the specified number of transfers have been completed. (Initial value)

1 Data transfer is enabled

If DTIE is set to 1, a CPU interrupt is requested when DTE is cleared to 0.
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Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6: DTSZ Description
0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Data Transfer Increment/Decrement (DTID): Selects whether to increment or
decrement the memory address register (MAR) after a data transfer in I/O mode or repeat mode.

Bit 5: DTID Description

0 MAR is incremented after each data transfer
« IfDTSZ =0, MAR is incremented by 1 after each transfer
« IfDTSZ =1, MAR is incremented by 2 after each transfer

1 MAR is decremented after each data transfer
 IfDTSZ =0, MAR is decremented by 1 after each transfer
« IfDTSZ =1, MAR is decremented by 2 after each transfer

MAR is not incremented or decremented in idle mode.

Bit 4—Repeat Enable (RPE): Selects whether to transfer data in I/O mode, idle mode, or repeat
mode.

Bit 4: RPE Bit 3: DTIE Description

0 0 I/O mode (Initial value)
1

1 0 Repeat mode
1 Idle mode

Operations in these modes are described in sections 8.4.2, I/O Mode, 8.4.3, Idle Mode, and 8.4.4,
Repeat Mode.

Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE bit is cleared to 0.

Bit 3: DTIE Description
0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled
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Bits 2 to 0—Data Transfer Select (DTS2, DTS1, DTSO0): These bits select the data transfer
activation source. Some of the selectable sources differ between channels A and B.*

Note: * Refer to section 8.3.4, Data Transfer Control Registers (DTCR).

Bit 2: DTS2 Bit 1: DTS1 Bit 0: DTSO Description

0 0 0 Compare match/input capture A interrupt from ITU
channel 0 (Initial value)
1 Compare match/input capture A interrupt from ITU
channel 1
1 0 Compare match/input capture A interrupt from ITU
channel 2
1 Compare match/input capture A interrupt from ITU
channel 3
1 0 0 Transmit-data-empty interrupt from SCI channel 0
1 Receive-data-full interrupt from SCI channel 0
1 0 Falling edge of DREQ input (channel B)
Transfer in full address mode (channel A)
1 Low level of DREQ input (channel B)

Transfer in full address mode (channel A)

The same internal interrupt can be selected as an activation source for two or more channels at
once. In that case the channels are activated in a priority order, highest-priority channel first. For
the priority order, see section 8.4.9, DMAC Multiple-Channel Operation.

When a channel is enabled (DTE = 1), its selected DMAC activation source cannot generate a
CPU interrupt.
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8.3 Register Descriptions (Full Address Mode)

In full address mode the A and B channels operate together. Full address mode is selected as
indicated in table 8.4.

8.3.1 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the
source address register of the transfer, and MARB as the destination address register.

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved: they cannot be modified and are always read as 1.

Bit 3130 29 28 27 26 256 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 Undetermined

ReadWrite 0 O O O O O O O RWRWRWRMWRMWRMWRWRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

MARR MARE MARH MARL

Source or destination address

The MAR value is incremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 8.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by a reset or in standby mode.

8.3.2 I/O Address Registers (IOAR)

The I/O address registers (IOARs) are not used in full address mode.
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8.3.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the
number of transfers to be executed. The functions of these registers differ between normal mode
and block transfer mode.

¢ Normal mode

ETCRA
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value ‘ ‘ ‘ ‘ ‘ ‘ ‘ Undetermined ‘ ‘ ‘ ‘ ‘ ‘ ‘

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

Transfer counter

ETCRB: Is not used in normal mode.

In normal mode ETCRA functions as a 16-bit transfer counter. The count is decremented by 1
each time one transfer is executed. The transfer ends when the count reaches H'0000. ETCRB
is not used.
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¢ Block transfer mode

ETCRA
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined

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

ETCRAH

Block size counter

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCRAL

Initial block size

ETCRB
Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value ‘ ‘ ‘ ‘ ‘ ‘ ‘ Undetermined ‘ ‘ ‘ ‘ ‘ ‘ ‘

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

Block transfer counter

In block transfer mode, ETCRAH functions as an 8-bit block size counter. ETCRAL holds the
initial block size. ETCRAH is decremented by 1 each time one byte or word is transferred.
When the count reaches H'00, ETCRAH is reloaded from ETCRAL. Blocks consisting of an
arbitrary number of bytes or words can be transferred repeatedly by setting the same initial
block size value in ETCRAH and ETCRAL.

In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time one block is transferred. The transfer ends when the count reaches
H'0000.

The ETCRs are not initialized by a reset or in standby mode.
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8.34 Data Transfer Control Registers (DTCR)

The data transfer control registers (DTCRs) are 8-bit readable/writable registers that control the
operation of the DMAC channels. A channel operates in full address mode when bits DTS2A and
DTSIA are both set to 1 in DTCRA. DTCRA and DTCRB have different functions in full address
mode.

DTCRA
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSO0A ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer
Enables or disables select 0A
data transfer Data transfer Selects block
Data transfer size interrupt enable transfer mode
Selects byte or Enables or disables the
word size CPU interrupt at the end
of the transfer
Source address Data transfer select
increment/decrement 2A and 1A
Source address increment/  These bits must both be
decrement enable setto 1

These bits select whether
the source address register
(MARA) is incremented,
decremented, or held fixed
during the data transfer

DTCRA is initialized to H'00 by a reset and in standby mode.
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Bit 7—Data Transfer Enable (DTE): Together with the DTME bit in DTCRB, this bit enables
or disables data transfer on the channel. When the DTME and DTE bits are both set to 1, the
channel is enabled. If auto-request is specified, data transfer begins immediately. Otherwise, the
channel waits for transfers to be requested. When the specified number of transfers have been
completed, the DTE bit is automatically cleared to 0. When DTE is 0, the channel is disabled and
does not accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then
writing 1.

Bit 7: DTE Description

0 Data transfer is disabled (DTE is cleared to 0 when the specified number of
transfers have been completed) (Initial value)

1 Data transfer is enabled

If DTIE is set to 1, a CPU interrupt is requested when DTE is cleared to 0.

Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6: DTSZ Description
0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Source Address Increment/Decrement (SAID) and

Bit 4—Source Address Increment/Decrement Enable (SAIDE): These bits select whether the
source address register (MARA) is incremented, decremented, or held fixed during the data
transfer.

Bit 5: SAID Bit 4: SAIDE Description
0 0 MARA is held fixed (Initial value)
1 MARA is incremented after each data transfer
« IfDTSZ = 0, MARA is incremented by 1 after each
transfer
« IfDTSZ =1, MARA is incremented by 2 after each
transfer
1 0 MARA is held fixed

MARA is decremented after each data transfer
« IfDTSZ = 0, MARA is decremented by 1 after each
transfer

« IfDTSZ =1, MARA is decremented by 2 after each
transfer
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE bit is cleared to 0.

Bit 3: DTIE Description
0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits 2 and 1—Data Transfer Select 2A and 1A (DTS2A, DTS1A): A channel operates in full
address mode when DTS2A and DTS1A are both set to 1.

Bit 0—Data Transfer Select 0A (DTS0A): Selects normal mode or block transfer mode.

Bit 0: DTSO0A Description
0 Normal mode (Initial value)
1 Block transfer mode

Operations in these modes are described in sections 8.4.5, Normal Mode, and 8.4.6, Block
Transfer Mode.

Rev. 2.0, 02/03, page 210 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

DTCRB

Bit 7 6 5 3 2 1 0

‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ T™MS ‘ DTS2B ‘ DTS1B ‘ DTSO0B ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

Data transfer master enable
Enables or disables data
transfer, together with

the DTE bit, and is cleared

Transfer mode select

to 0 by an interrupt

Reserved bit
transfer mode

Destination address
increment/decrement
Destination address
increment/decrement enable
These bits select whether

the destination address

register (MARB) is incremented,
decremented, or held fixed
during the data transfer

Selects whether the
block area is the source
or destination in block

Data transfer select

2B to 0B

These bits select the data
transfer activation source

DTCRB is initialized to H'00 by a reset and in standby mode.

Bit 7—Data Transfer Master Enable (DTME): Together with the DTE bit in DTCRA, this bit
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is
enabled. When an NMI interrupt occurs DTME is cleared to 0, suspending the transfer so that the
CPU can use the bus. The suspended transfer resumes when DTME is set to 1 again. For further
information on operation in block transfer mode, see section 8.6.6, NMI Interrupts and Block

Transfer Mode.

DTME is set to 1 by reading the register while DTME = 0, then writing 1.

Bit 7: DTME Description

0 Data transfer is disabled (DTME is cleared to 0 when an NMI interrupt occurs)
(Initial value)

1 Data transfer is enabled
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Bit 6—Reserved: Although reserved, this bit can be written and read.

Bit 5—Destination Address Increment/Decrement (DAID) and

Bit 4—Destination Address Increment/Decrement Enable (DAIDE): These bits select whether
the destination address register (MARB) is incremented, decremented, or held fixed during the
data transfer.

Bit 5: DAID Bit 4: DAIDE Description
0 0 MARSB is held fixed (Initial value)
1 MARSB is incremented after each data transfer

« IfDTSZ = 0, MARB is incremented by 1 after each
data transfer

« IfDTSZ =1, MARB is incremented by 2 after each
data transfer

1 0 MARSB is held fixed
MARB is decremented after each data transfer
e IfDTSZ = 0, MARB is decremented by 1 after each
data transfer

« IfDTSZ =1, MARB is decremented by 2 after each
data transfer

Bit 3—Transfer Mode Select (TMS): Selects whether the source or destination is the block area
in block transfer mode.

Bit 3: TMS Description
0 Destination is the block area in block transfer mode (Initial value)
1 Source is the block area in block transfer mode
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Bits 2 to 0—Data Transfer Select 2B to 0B (DTS2B, DTS1B, DTS0B): These bits select the
data transfer activation source. The selectable activation sources differ between normal mode and

block transfer mode.

¢ Normal mode

Bit 2: Bit 1: Bit 0:
DTS2B DTS1B DTS0B Description
0 0 0 Auto-request (burst mode) (Initial value)
1 Cannot be used
1 0 Auto-request (cycle-steal mode)
1 Cannot be used
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Low level input at DREQ
¢ Block transfer mode
Bit 2: Bit 1: Bit 0:
DTS2B DTS1B DTS0B Description
0 0 0 Compare match/input capture A interrupt from ITU
channel 0 (Initial value)
1 Compare match/input capture A interrupt from ITU
channel 1
1 0 Compare match/input capture A interrupt from ITU
channel 2
1 Compare match/input capture A interrupt from ITU
channel 3
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Cannot be used

The same internal interrupt can be selected to activate two or more channels. The channels are
activated in a priority order, highest priority first. For the priority order, see section 8.4.9, DMAC

Multiple-Channel Operation.
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8.4 Operation

8.4.1 Overview
Table 8.5 summarizes the DMAC modes.

Table 8.5 DMAC Modes

Transfer Mode Activation Notes
Short address 1/O mode Compare match/input ¢ Up to four channels can
mode Idle mode capture A interrupt from operate independently
ITU channels 0 to 3
Repeat mode e Only the B channels

Transmit-data-empty and
receive-data-full interrupts
from SCI channel 0

support external requests

External request

Full address Normal mode Auto-request ¢« Aand B channels are
mode

External request paired; up to two channels
are available

Block transfer Compare match/input

mode capture A interrupt from ITU ¢ Burst mode or cycle-steal
channels 0 to 3 mode can be selected for
External request auto-requests

A summary of operations in these modes follows.

I/O Mode: One byte or word is transferred per request. A designated number of these transfers are
executed. A CPU interrupt can be requested at completion of the designated number of transfers.
One 24-bit address and one 8-bit address are specified. The transfer direction is determined
automatically from the activation source.

Idle Mode: One byte or word is transferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-bit address and one 8-bit address are specified. The addresses are held fixed. The
transfer direction is determined automatically from the activation source.

Repeat Mode: One byte or word is transferred per request. A designated number of these transfers
are executed. When the designated number of transfers are completed, the initial address and
counter value are restored and operation continues. No CPU interrupt is requested. One 24-bit
address and one 8-bit address are specified. The transfer direction is determined automatically
from the activation source.
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Normal Mode

* Auto-request
The DMAC is activated by register setup alone, and continues executing transfers until the
designated number of transfers have been completed. A CPU interrupt can be requested at
completion of the transfers. Both addresses are 24-bit addresses.
O Cycle-steal mode
The bus is released to another bus master after each byte or word is transferred.
0 Burst mode
Unless requested by a higher-priority bus master, the bus is not released until the
designated number of transfers have been completed.
¢ External request
One byte or word is transferred per request. A designated number of these transfers are
executed. A CPU interrupt can be requested at completion of the designated number of
transfers. Both addresses are 24-bit addresses.

Block Transfer Mode: One block of a specified size is transferred per request. A designated
number of block transfers are executed. At the end of each block transfer, one address is restored
to its initial value. When the designated number of blocks have been transferred, a CPU interrupt
can be requested. Both addresses are 24-bit addresses.
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8.4.2 1/0 Mode
I/O mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in I/O mode. A designated number of these
transfers are executed. One address is specified in the memory address register (MAR), the other
in the I/O address register (IOAR). The direction of transfer is determined automatically from the
activation source. The transfer is from the address specified in IOAR to the address specified in
MAR if activated by an SCI channel 0 receive-data-full interrupt, and from the address specified
in MAR to the address specified in I[OAR otherwise.

Table 8.6 indicates the register functions in I/O mode.

Table 8.6  Register Functions in I/O Mode

Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 o Destination Source Destination or  Incremented or
‘ MAR ‘ address address source address decremented
register register once per
transfer
23 7 o Source Destination  Source or Held fixed
‘ All 1s ‘ IOAR ‘ aeress aeress destination
register register address
15 0 Transfer Transfer Number of Decremented
‘ w ‘ counter counter transfers once per
ETpR transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register
IOAR: I/O address register
ETCR: Execute transfer count register

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address, which is incremented or decremented as each byte or word is transferred.
TOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all 1s. IOAR is not
incremented or decremented.

Figure 8.2 illustrates how I/O mode operates.
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Address T— - I0AR
1 byte or word is

transferred per request

Y

Address B—»

Legend

L = initial setting of MAR

N = initial setting of ETCR

Address T =L

Address B =L + (-1)DTID « (2DTSZ « N — 1)

Figure 8.2 Operation in I/O Mode

The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared and the transfer ends.
If the DTIE bit is set to 1, a CPU interrupt is requested at this time. The maximum transfer count
is 65,536, obtained by setting ETCR to H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channel 0, and
external request signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).
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Figure 8.3 shows a sample setup procedure for I/O mode.

( I/O mode setup ) 1. Set the source and destination addresses
in MAR and IOAR. The transfer direction is
determined automatically from the activation
source.
Set the transfer count in ETCR.
Read DTCR while the DTE bit is cleared to 0.
Set the DTCR bits as follows.
Select the DMAC activation source with bits
DTS2 to DTSO.
Set transfer count 2 Set or clear the DTIE bit to enable or disable
the CPU interrupt at the end of the transfer.
Clear the RPE bit to 0 to select I/O mode.
Select MAR increment or decrement with the
DTID bit.

Set source and 1
destination addresses

Pon

Read DTCR 3 Select byte size or word size with the DTSZ bit.
Set the DTE bit to 1 to enable the transfer.
Set DTCR 4
1/0 mode

Figure 8.3 1/0O Mode Setup Procedure (Example)

8.4.3 Idle Mode
Idle mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in idle mode. A designated number of
these transfers are executed. One address is specified in the memory address register (MAR), the
other in the I/O address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer is from the address specified in IOAR to the address
specified in MAR if activated by an SCI channel 0 receive-data-full interrupt, and from the
address specified in MAR to the address specified in IOAR otherwise.

Table 8.7 indicates the register functions in idle mode.
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Table 8.7  Register Functions in Idle Mode

Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 o Destination Source Destination or ~ Held fixed
1 | address address source address
. MAR | . .
register register
23 7 o Source Destination ~ Source or Held fixed
‘ All 1s ‘ IOAR ‘ add_ress add_ress destination
register register address
15 0 Transfer Transfer Number of Decremented
‘ ‘ ‘ counter counter transfers once per
ETPR transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register
IOAR: 1/O address register
ETCR: Execute transfer count register

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address. IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all
1s. MAR and IOAR are not incremented or decremented.

Figure 8.4 illustrates how idle mode operates.

\_/\ \/\
MAR —» - |OAR
\/—\ \/\

1 byte or word is
transferred per request

Figure 8.4 Operation in Idle Mode
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The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared, the transfer ends, and
a CPU interrupt is requested. The maximum transfer count is 65,536, obtained by setting ETCR to
H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channel 0, and
external request signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).

Figure 8.5 shows a sample setup procedure for idle mode.

< Idle mode setup > 1. Set the source and destination addresses
in MAR and IOAR. The transfer direction is deter-
mined automatically from the activation source.
Set the transfer count in ETCR.
Read DTCR while the DTE bit is cleared to 0.
Set the DTCR bits as follows.
Select the DMAC activation source with bits
DTS2 to DTSO.
Set the DTIE and RPE bits to 1 to select idle mode.
Set transfer count 2 Select byte size or word size with the DTSZ bit.
Set the DTE bit to 1 to enable the transfer.

Set source and 1
destination addresses

roN

Read DTCR 3
Set DTCR 4
Idle mode

Figure 8.5 Idle Mode Setup Procedure (Example)
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8.4.4 Repeat Mode

Repeat mode is useful for cyclically transferring a bit pattern from a table to the programmable
timing pattern controller (TPC) in synchronization, for example, with ITU compare match. Repeat
mode can be selected for each channel independently.

One byte or word is transferred per request in repeat mode, as in I/O mode. A designated number
of these transfers are executed. One address is specified in the memory address register (MAR),
the other in the I/O address register (IOAR). At the end of the designated number of transfers,
MAR and ETCR are restored to their original values and operation continues. The direction of
transfer is determined automatically from the activation source. The transfer is from the address
specified in IOAR to the address specified in MAR if activated by an SCI channel 0 receive-data-
full interrupt, and from the address specified in MAR to the address specified in IOAR otherwise.

Table 8.8 indicates the register functions in repeat mode.
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Table 8.8

Register Functions in Repeat Mode

Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
Destination Source Destination or Incremented or
address address source address decremented at
23 ‘ ‘ 0 register register each transfer
\ ' MAR | \ until H'0000,
then restored to
initial value
23 7 o Source Destination ~ Source or Held fixed
‘ All 1s ‘ IOAR ‘ add_ress add_ress destination
register register address
Transfer Transfer Number of Decremented
counter counter transfers once per
7 0 transfer until
ETCRH H'0000 is
i reached, then
reloaded from
. 0 ETCRL
Initial transfer Initial transfer Number of Held fixed
ETCRL
count count transfers
Legend

MAR: Memory address register

IOAR: 1/O address register

ETCR: Execute transfer count register

In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initial transfer
count. ETCRH is decremented by 1 at each transfer until it reaches H'00, then is reloaded from
ETCRL. MAR is also restored to its initial value, which is calculated from the DTSZ and DTID
bits in DTCR. Specifically, MAR is restored as follows:

MAR « MAR - (~1)DTID - 2DTSZ . ETCRL

ETCRH and ETCRL should be initially set to the same value.

In repeat mode transfers continue until the CPU clears the DTE bit to 0. After DTE is cleared to 0,
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No

CPU interrupt is requested.
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As in I/0 mode, MAR and IOAR specify the source and destination addresses. MAR specifies a
24-bit source or destination address. IOAR specifies the lower 8 bits of a fixed address. The upper
16 bits are all 1s. IOAR is not incremented or decremented.

Figure 8.6 illustrates how repeat mode operates.

Address T — - I0AR

1 byte or word is
transferred per request

Legend

L = initial setting of MAR

Address B —* N = initial setting of ETCRH and ETCRL
Address T =L

\/—\ Address B = L + (—1)PTID « (2DTSZ .. N _ 1)

Figure 8.6 Operation in Repeat Mode

The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximum transfer
count is 255, obtained by setting both ETCRH and ETCRL to H'FF.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channel 0, and
external request signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).
Figure 8.7 shows a sample setup procedure for repeat mode.
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( Repeat mode ) 1. Set the source and destination addresses in MAR
and IOAR. The transfer direction is determined
automatically from the activation source.

2. Set the transfer count in both ETCRH and ETCRL.
gooorsoureeand 143" Read DTCR while the DTE bit is cleared to 0.

4. Set the DTCR bits as follows.
Select the DMAC activation source with bits
DTS2 to DTSO.
Clear the DTIE bit to 0 and set the RPE bit to 1

Set transfer count 2 to select repeat mode.

Select MAR increment or decrement with the
DTID bit.

Select byte size or word size with the DTSZ bit.

Set the DTE bit to 1 to enable the transfer.
Read DTCR 3

Set DTCR 4

¢

Repeat mode

Figure 8.7 Repeat Mode Setup Procedure (Example)
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8.4.5 Normal Mode

In normal mode the A and B channels are combined. One byte or word is transferred per request.
A designated number of these transfers are executed. Addresses are specified in MARA and
MARB. Table 8.9 indicates the register functions in I/O mode.

Table 8.9  Register Functions in Normal Mode

Register Function Initial Setting Operation

23 o  Source address Source address  Incremented or
1 1 register decremented once per
. MARA

‘ ! ! ‘ transfer, or held fixed

23 0 Destination Destination Incremented or

‘ | MARB : ‘ address register address decremented once per
! ! transfer, or held fixed
15 o Transfer counter  Number of Decremented once per
‘ ETQRA ‘ transfers transfer

Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as data is transferred.

The transfer count is specified as a 16-bit value in ETCRA. The ETCRA value is decremented by
1 at each transfer. When the ETCRA value reaches H'0000, the DTE bit is cleared and the transfer
ends. If the DTIE bit is set, a CPU interrupt is requested at this time. The maximum transfer count
is 65,536, obtained by setting ETCRA to H'0000.

Figure 8.8 illustrates how normal mode operates.
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Address To—» ~«— Address Tg

Y Y

Address Bp—» -.—— Address Bg

Legend

L, =initial setting of MARA
Lg =initial setting of MARB
N = initial setting of ETCRA

Ta =Ly
By =L, + SAIDE ¢ (—1)SAD « (2DTSZ o N _ 1)
Tg =Lg

Bg =Lg + DAIDE « (-1)PAID « (2DTSZ . N _ 1)

Figure 8.8 Operation in Normal Mode

Transfers can be requested (activated) by an external request or auto-request. An auto-requested
transfer is activated by the register settings alone. The designated number of transfers are executed
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the DMAC
releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bus until the
transfers are completed, unless there is a bus request from a higher-priority bus master.

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR).
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Figure 8.9 shows a sample setup procedure for normal mode.

( Normal mode > 1. Set the initial source address in MARA.
2. Set the initial destination address in MARB.
3. Set the transfer count in ETCRA.
Set initial source address 1 4. Setthe DTCRB bits as follows.

Clear the DTME bit to 0.
Set the DAID and DAIDE bits to select whether
MARRB is incremented, decremented, or held fixed.
Set initial destination address | 2 Select the DMAC activation source with bits
DTS2B to DTSOB.
5. Set the DTCRA bits as follows.
Clear the DTE bit to 0.
Select byte or word size with the DTSZ bit.
Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.
Set DTCRB (1) 4 Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.
Clear the DTSOA bit to 0 and set the DTS2A
and DTS1A bits to 1 to select normal mode.

Set transfer count 3

Set DTCRA (1) 5 6. Read DTCRB with DTME cleared to 0.
7. Setthe DTME bit to 1 in DTCRB.
8. Read DTCRA with DTE cleared to 0.
Read DTCRB 6 9. Setthe DTE bit to 1 in DTCRA to enable the transfer.
Set DTCRB (2) 7
Read DTCRA 8
Set DTCRA (2) 9

'

Normal mode

Note: Carry out settings 1 to 9 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.

Figure 8.9 Normal Mode Setup Procedure (Example)

Rev. 2.0, 02/03, page 227 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

8.4.6 Block Transfer Mode

In block transfer mode the A and B channels are combined. One block of a specified size is
transferred per request. A designated number of block transfers are executed. Addresses are
specified in MARA and MARB. The block area address can be either held fixed or cycled.

Table 8.10 indicates the register functions in block transfer mode.

Table 8.10 Register Functions in Block Transfer Mode

Register Function Initial Setting Operation
23 Source address Source address  Incremented or
register decremented once per
‘ | MARA | transfer, or held fixed
23 Destination Destination Incremented or
| | address register address decremented once per
| ' MARB | .
! ! transfer, or held fixed
7 Block size Block size Decremented once per
counter transfer until H'00 is
ETC‘RAH reached, then reloaded
from ETCRAL
7 Initial block size Block size Held fixed
ETCRAL
Block transfer Number of block  Decremented once per
15 ‘ 0 counter transfers block transfer until H'0000
‘ ETQRB is reached and the
transfer ends
Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A
ETCRB: Execute transfer count register B

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently

incremented, decremented, or held fixed as data is transferred. One of these registers operates as a
block area register: even if it is incremented or decremented, it is restored to its initial value at the
end of each block transfer. The TMS bit in DTCRB selects whether the block area is the source or
destination.
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If M (1 to 255) is the size of the block transferred at each request and N (1 to 65,536) is the
number of blocks to be transferred, then ETCRAH and ETCRAL should initially be set to M and
ETCRB should initially be set to N.

Figure 8.10 illustrates how block transfer mode operates. In this figure, bit TMS is cleared to 0,
meaning the block area is the destination.

Tpo— —
— — - Address Tg

| | —  Block area l)
Bp— - |

~4—— Address Bg

— Block 2 -

- —1 M bytes or words are
transferred per request

Legend

L o = initial setting of MARA

L g = initial setting of MARB

M = initial setting of ETCRAH and ETCRAL
N = initial setting of ETCRB

TA = LA

Ba =L, + SAIDE « (-1)SAD « (2DTSZ o ) — 1)
T B~ LB

Bg =L+ DAIDE « (-1)PAID « (2DTSZ. |y _ 1)

Figure 8.10 Operation in Block Transfer Mode
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When activated by a transfer request, the DMAC executes a burst transfer. During the transfer
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented.
When ETCRAH reaches H'00, it is reloaded from ETCRAL to restore the initial value. The
memory address register of the block area is also restored to its initial value, and ETCRB is
decremented. If ETCRB is not H'0000, the DMAC then waits for the next transfer request.
ETCRAH and ETCRAL should be initially set to the same value.

The above operation is repeated until ETCRB reaches H'0000, at which point the DTE bit is
cleared to 0 and the transfer ends. If the DTIE bit is set to 1, a CPU interrupt is requested at this
time.

Figure 8.11 shows examples of a block transfer with byte data size when the block area is the
destination. In (a) the block area address is cycled. In (b) the block area address is held fixed.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, and by external request signals.

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR).
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Start
(DTE =DTME = 1)

Transfer requested?
Yes

| Get bus |

F—

Read from MARA address
\

| MARA = MARA + 1 |

\

Write to MARB address

\
| MARB = MARB + 1 |
\

| ETCRAH = ETCRAH - 1 |

ETCRAH = H00

| Release bus |

\
ETCRAH = ETCRAL
MARB = MARB - ETCRAL

\
| ETCRB = ETCRB - 1 |

ETCRB = H'0000
Y

es

CCIear DTE to 0 and end transfer>

a. DTSZ=TMS =0
SAID =DAID =0
SAIDE = DAIDE =1

Start
(DTE =DTME = 1)

Transfer requested?
Yes

| Get bus |

F—

Read from MARA address

\
MARA = MARA + 1 |
\

Write to MARB address

| ETCRAH = ETCRAH - 1 |

ETCRAH = H'00

| Release bus |
\
| ETCRAH = ETCRAL |

| ETCRB = ETCRB - 1 |

ETCRB = H'0000
Y

es

CCIear DTE to 0 and end transfer>

b. DTSZ=TMS =0
SAID=0
SAIDE =1
DAIDE =0

Figure 8.11 Block Transfer Mode Flowcharts (Examples)
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Figure 8.12 shows a sample setup procedure for block transfer mode.

Set the source address in MARA.

Set the destination address in MARB.

Set the block transfer count in ETCRB.

1 . Set the block size (number of bytes or words)

in both ETCRAH and ETCRAL.

Set the DTCRB bits as follows.

Clear the DTME bit to 0.

Set destination address 2 Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.
Set or clear the TMS bit to make the block area
the source or destination.
Select the DMAC activation source with bits
DTS2B to DTSO0B.

6. Setthe DTCRA bits as follows.

Set block size 4 Clear the DTE to 0.

Select byte size or word size with the DTSZ bit.

Set the SAID and SAIDE bits to select whether

MARA is incremented, decremented, or held fixed.

Set or clear the DTIE bit to enable or disable the

CPU interrupt at the end of the transfer.

Set bits DTS2A to DTS0A all to 1 to select

Set DTCRA (1) 6 block transfer mode.

< Block transfer mode >

Pob=

Set source address

o

Set block transfer count 3

Set DTCRB (1) 5

7. Read DTCRB with DTME cleared to 0.
8. Setthe DTME bitto 1 in DTCRB.
9. Read DTCRA with DTE cleared to 0.
Read DTCRB 7 10. Setthe DTE bit to 1 in DTCRA to enable
the transfer.
Set DTCRB (2) 8
Read DTCRA 9
Set DTCRA (2) 10

'

Block transfer mode

Note: Carry out settings 1 to 10 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.

Figure 8.12 Block Transfer Mode Setup Procedure (Example)
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8.4.7 DMAC Activation

The DMAC can be activated by an internal interrupt, external request, or auto-request. The
available activation sources differ depending on the transfer mode and channel as indicated in

table 8.11.

Table 8.11 DMAC Activation Sources

Short Address Mode

Full Address Mode

Channels Channels

Activation Source 0A and 1A 0B and 1B Normal Block

Internal IMIAO Yes Yes No Yes

interrupts IMIA1 Yes Yes No Yes
IMIA2 Yes Yes No Yes
IMIA3 Yes Yes No Yes
TXIO Yes Yes No No
RXI0 Yes Yes No No

External Falling edge of No Yes Yes Yes

requests DREQ
Low input at No Yes Yes No
DREQ

Auto-request No No Yes No

Activation by Internal Interrupts: When an interrupt request is selected as a DMAC activation
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt.

When the DMAC is activated by an interrupt request, the interrupt request flag is cleared
automatically. If the same interrupt is selected to activate two or more channels, the interrupt
request flag is cleared when the highest-priority channel is activated, but the transfer request is
held pending on the other channels in the DMAC, which are activated in their priority order.
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Activation by External Request: If an external request (DREQ pin) is selected as an activation
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level-
sensitive or edge-sensitive.

In short address mode and normal mode, an external request operates as follows. If edge sensing is
selected, one byte or word is transferred each time a high-to-low transition of the DREQ input is
detected. If the next edge is input before the transfer is completed, the next transfer may not be
executed. If level sensing is selected, the transfer continues while DREQ is low, until the transfer
is completed. The bus is released temporarily after each byte or word has been transferred,
however. If the DREQ input goes high during a transfer, the transfer is suspended after the current
byte or word has been transferred. When DREQ goes low, the request is held internally until one
byte or word has been transferred. The TEND signal goes low during the last write cycle.

In block transfer mode, an external request operates as follows. Only edge-sensitive transfer
requests are possible in block transfer mode. Each time a high-to-low transition of the DREQ
input is detected, a block of the specified size is transferred. The TEND signal goes low during the
last write cycle in each block.

Activation by Auto-Request: The transfer starts as soon as enabled by register setup, and
continues until completed. Cycle-steal mode or burst mode can be selected.

In cycle-steal mode the DMAC releases the bus temporarily after transferring each byte or word.
Normally, DMAC cycles alternate with CPU cycles.

In burst mode the DMAC keeps the bus until the transfer is completed, unless there is a higher-
priority bus request. If there is a higher-priority bus request, the bus is released after the current
byte or word has been transferred.
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8.4.8

DMAC Bus Cycle

Figure 8.13 shows an example of the timing of the basic DMAC bus cycle. This example shows a
word-size transfer from a 16-bit two-state access area to an 8-bit three-state access area. When the
DMAC gets the bus from the CPU, after one dead cycle (T), it reads from the source address and
writes to the destination address. During these read and write operations the bus is not released

even if there is another bus request. DMAC cycles comply with bus controller settings in the same
way as CPU cycles.

Address
bus

RD

LWR

CPU cycle

T, T T, Ty

DMAC cycle (word transfer) ‘ CPU cycle
=‘=

Ty T, Ty T, T3 T4 T, T3 T4 T T4 To

' Source 1 1
. address | Destination address 1 |

Figure 8.13

DMA Transfer Bus Timing (Example)
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Figure 8.14 shows the timing when the DMAC is activated by low input at a DREQ pin. This
example shows a word-size transfer from a 16-bit two-state access area to another 16-bit two-state
access area. The DMAC continues the transfer while the DREQ pin is held low.

DMAC cycle
CPU cycle DMAC cycle CPU cycle (last transfer cycle) CPU cycle

T, T3 T¢g T4 T2 Ty T T, Tqg T4 T2 T2

Source : Destination
address | address

S
L]

Source : Destination
address |address

S

N

N

Figure 8.14 Bus Timing of DMA Transfer Requested by Low DREQ Input
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Figure 8.15 shows an auto-requested burst-mode transfer. This example shows a transfer of three
words from a 16-bit two-state access area to another 16-bit two-state access area.

CPU cycle| DMAC cycle |CPU cycle

Ty T Tg Ty To Ty T T4 To T4 T T4 Tp Ty T Ty Tp

3 Source iDesﬁnation‘ : : : :

» address : address

Address :X
bus

Figure 8.15 Bus Timing of Burst Mode DMA Transfer

When the DMAC is activated from a DREQ pin there is a minimum interval of four states from
when the transfer is requested until the DMAC starts operating. The DREQ pin is not sampled
during the time between the transfer request and the start of the transfer. In short address mode and
normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the pin
is next sampled at the end of one block transfer.
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Figure 8.16 shows the timing when the DMAC is activated by the falling edge of DREQ in normal
mode.

CPU

CPU cycle ‘ DMAC cycle ‘ cycle ‘ DMAC cycle
- - -

T, T1 T Tq To Tg Tq To T4 T Ty T Tqg T4 To

g—»i -
' Minimum 4 states " Next sampling point

Figure 8.16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode
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Figure 8.17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in

normal mode.

CPU cycle DMAC cycle CPU cycle
T EEE e -
To Ty Tp Ty To Tqg Ty T T4 To Ty T T9 T Ty

we L —

s S SR S N S
A s e B
FWR, TWR ||

Figure 8.17 Timing of DMAC Activation by Low DREQ Level in Normal Mode
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Figure 8.18 shows the timing when the DMAC is activated by the falling edge of DREQ in block
transfer mode.

End of 1 block transfer

DMAC cycle CPU cycle DMAC cycle
e B EEE—

Ty T T4 T Ty To Ty T T4 T Tq To Tqg T4 Ty

DREQ L_I
v S S S S S

TEND | Next sampling

Minimum 4 statesi

Figure 8.18 Timing of DMAC Activation by Falling Edge of DREQ in Block Transfer Mode

Rev. 2.0, 02/03, page 240 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

8.4.9 DMAC Multiple-Channel Operation
The DMAC channel priority order is: channel 0 > channel 1 and channel A > channel B.
Table 8.12 shows the complete priority order.

Table 8.12 Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 E
Channel 1B Low

If transfers are requested on two or more channels simultaneously, or if a transfer on one channel
is requested during a transfer on another channel, the DMAC operates as follows.

1. When a transfer is requested, the DMAC requests the bus right. When it gets the bus right, it
starts a transfer on the highest-priority channel at that time.

2. Once a transfer starts on one channel, requests to other channels are held pending until that
channel releases the bus.

3. After each transfer in short address mode, and each externally-requested or cycle-steal transfer
in normal mode, the DMAC releases the bus and returns to step 1. After releasing the bus, if
there is a transfer request for another channel, the DMAC requests the bus again.

4. After completion of a burst-mode transfer, or after transfer of one block in block transfer
mode, the DMAC releases the bus and returns to step 1. If there is a transfer request for a
higher-priority channel or a bus request from a higher-priority bus master, however, the
DMAC releases the bus after completing the transfer of the current byte or word. After
releasing the bus, if there is a transfer request for another channel, the DMAC requests the bus
again.

Figure 8.19 shows the timing when channel OA is set up for I/O mode and channel 1 for burst
mode, and a transfer request for channel OA is received while channel 1 is active.
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DMAC cyc CPU DMAC cycle CPU DMAC cycle
(channel 1) cycle (channel 0A) cycle (channel 1)
T

le
Ty, T4 T, Tq T4 T Ty T T4 T Tyq T4 T T4 T

—|T
Y]

R

Figure 8.19 Timing of Multiple-Channel Operations

8.4.10 External Bus Requests, Refresh Controller, and DMAC

During a DMA transfer, if the bus right is requested by an external bus request signal (BREQ) or
by the refresh controller, the DMAC releases the bus after completing the transfer of the current
byte or word. If there is a transfer request at this point, the DMAC requests the bus right again.
Figure 8.20 shows an example of the timing of insertion of a refresh cycle during a burst transfer
on channel 0.

Refresh

DMAC cycle (channel 0) |cycle |

= =

Ty T Ty To Ty To Ty To Ty To Tq T4 To T4 T T4 Ty

il e e e e e e

DMAC cycle (channel 0)

Figure 8.20 Bus Timing of Refresh Controller and DMAC
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8.4.11 NMI Interrupts and DMAC
NMI interrupts do not affect DMAC operations in short address mode.

If an NMI interrupt occurs during a transfer in full address mode, the DMAC suspends operations.
In full address mode, a channel is enabled when its DTE and DTME bits are both set to 1. NMI
input clears the DTME bit to 0. After transferring the current byte or word, the DMAC releases the
bus to the CPU. In normal mode, the suspended transfer resumes when the CPU sets the DTME
bit to 1 again. Check that the DTE bit is set to 1 and the DTME bit is cleared to 0 before setting
the DTME bit to 1.

Figure 8.21 shows the procedure for resuming a DMA transfer in normal mode on channel 0 after
the transfer was halted by NMI input.

Resuming DMA transfer 1. Check that DTE = 1 and DTME = 0.
in normal mode 2. Read DTCRB while DTME =0,
then write 1 in the DTME bit.

Set DTME to 1 2

#

DMA transfer continues End

Figure 8.21 Procedure for Resuming a DMA Transfer Halted by NMI (Example)

For information about NMI interrupts in block transfer mode, see section 8.6.6, NMI Interrupts
and Block Transfer Mode.
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8.4.12  Aborting a DMA Transfer

When the DTE bit in an active channel is cleared to 0, the DMAC halts after transferring the
current byte or word. The DMAC starts again when the DTE bit is set to 1. In full address mode,
the DTME bit can be used for the same purpose. Figure 8.22 shows the procedure for aborting a
DMA transfer by software.

DMA transfer abort 1. Clear the DTE bit to 0 in DTCR.

To avoid generating an interrupt when
aborting a DMA transfer, clear the DTIE
bit to 0 simultaneously.

Set DTCR 1

|

DMA transfer aborted

Figure 8.22 Procedure for Aborting a DMA Transfer
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8.4.13  Exiting Full Address Mode

Figure 8.23 shows the procedure for exiting full address mode and initializing the pair of channels.
To set the channels up in another mode after exiting full address mode, follow the setup procedure
for the relevant mode.

Exiting full address mode 1. Clear the DTE bit to 0 in DTCRA, or wait
for the transfer to end and the DTE bit
‘ to be cleared to 0.

2. Clear all DTCRB bits to 0.
Halt the channel 1 3. Clear all DTCRA bits to 0.
Initialize DTCRB 2
Initialize DTCRA 3

'

Initialized and halted

Figure 8.23 Procedure for Exiting Full Address Mode (Example)
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8.4.14 DMAC States in Reset State, Standby Modes, and Sleep Mode

When the chip is reset or enters hardware or software standby mode, the DMAC is initialized and
halts. DMAC operations continue in sleep mode. Figure 8.24 shows the timing of a cycle-steal
transfer in sleep mode.

Sleep mode
CPU cycle ‘ ! DMAC cycle ‘ DMAC cycle ‘
—_— =
T, Tqg Ty T T4 To Ty Ty T Ty Ty Ty

s T
o L E

Figure 8.24 Timing of Cycle-Steal Transfer in Sleep Mode
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8.5

Interrupts

The DMAC generates only DMA-end interrupts. Table 8.13 lists the interrupts and their priority.

Table 8.13 DMAC Interrupts

Description Interrupt
Interrupt Short Address Mode Full Address Mode Priority
DENDOA End of transfer on channel 0A End of transfer on channel 0 High
DENDOB End of transfer on channel 0B —
DEND1A End of transfer on channel 1A End of transfer on channel 1 E
DEND1B End of transfer on channel 1B — Low

Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfer control
register (DTCR). Separate interrupt signals are sent to the interrupt controller.

The interrupt priority order among channels is channel 0 > channel 1 and channel A > channel B.

Figure 8.25 shows the DMA-end interrupt logic. An interrupt is requested whenever DTE = 0 and

DTIE = 1.

DTE

:OD—> DMA-end interrupt

DTIE

Figure 8.25 DMA-End Interrupt Logic

The DMA-end interrupt for the B channels (DENDB) is unavailable in full address mode. The
DTME bit does not affect interrupt operations.
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8.6 Usage Notes

8.6.1 Note on Word Data Transfer

Word data cannot be accessed starting at an odd address. When word-size transfer is selected, set
even values in the memory and I/O address registers (MAR and IOAR).

8.6.2 DMAC Self-Access

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified
as source or destination addresses.

8.6.3 Longword Access to Memory Address Registers
A memory address register can be accessed as longword data at the MARR address.
Example

MOV.L #LBL, ERO
MOV.L ERO, @MARR

Four byte accesses are performed. Note that the CPU may release the bus between the second byte
(MARE) and third byte (MARH).

Memory address registers should be written and read only when the DMAC is halted.

8.6.4 Note on Full Address Mode Setup

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to
prevent the B channel from operating in short address mode during the register setup. The enable
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure.

8.6.5 Note on Activating DMAC by Internal Interrupts

When using an internal interrupt to activate the DMAC, make sure that the interrupt selected as
the activating source does not occur during the interval after it has been selected but before the
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should
not be activated until the DMAC has been enabled. If the DMAC must be enabled while the on-
chip supporting module is active, follow the procedure in figure 8.26.
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[ Enabling of DMAC )

Selected interrupt
requested?

Interrupt hand-
ling by CPU No

—

Clear selected interrupt s 2
enable bit to 0

Enable DMAC 3

Set selected interrupt s 4
enable bit to 1

'

DMAC operates

. While the DTE bit is cleared to 0,

interrupt requests are sent to the
CPU.

. Clear the interrupt enable bit to 0

in the interrupt-generating on-chip
supporting module.

. Enable the DMAC.
. Enable the DMAC-activating

interrupt.

Figure 8.26 Procedure for Enabling DM AC while On-Chip Supporting Module is

Operating (Example)

If the DTE bit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and the selected
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt, for
example, the selected activating source cannot generate CPU interrupts. To terminate DMAC
operations in this state, clear the DTE bit to 0 to allow CPU interrupts to be requested. To continue
DMAC operations, carry out steps 2 and 4 in figure 8.26 before and after setting the DTME bit to

1.

When an ITU interrupt activates the DMAC, make sure the next interrupt does not occur before
the DMA transfer ends. If one ITU interrupt activates two or more channels, make sure the next
interrupt does not occur before the DMA transfers end on all the activated channels. If the next
interrupt occurs before a transfer ends, the channel or channels for which that interrupt was

selected may fail to accept further activation requests.
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8.6.6 NMI Interrupts and Block Transfer Mode
If an NMI interrupt occurs in block transfer mode, the DMAC operates as follows.

¢ When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word, then
clears the DTME bit to 0 and halts. The halt may occur in the middle of a block.

It is possible to find whether a transfer was halted in the middle of a block by checking the
block size counter. If the block size counter does not have its initial value, the transfer was
halted in the middle of a block.

» Ifthe transfer is halted in the middle of a block, the activating interrupt flag is cleared to 0. The
activation request is not held pending.

e While the DTE bit is set to 1 and the DTME bit is cleared to 0, the DMAC is halted and does
not accept activating interrupt requests. If an activating interrupt occurs in this state, the
DMAC does not operate and does not hold the transfer request pending internally. Neither is a
CPU interrupt requested.

For this reason, before setting the DTME bit to 1, first clear the enable bit of the activating
interrupt to 0. Then, after setting the DTME bit to 1, set the interrupt enable bit to 1 again. See
section 8.6.5, Note on Activating DMAC by Internal Interrupts.

¢ When the DTME bit is set to 1, the DMAC waits for the next transfer request. If it was halted
in the middle of a block transfer, the rest of the block is transferred when the next transfer
request occurs. Otherwise, the next block is transferred when the next transfer request occurs.

8.6.7 Memory and I/O Address Register Values

Table 8.14 indicates the address ranges that can be specified in the memory and I/O address
registers (MAR and IOAR).

Table 8.14 Address Ranges Specifiable in MAR and IOAR

1-Mbyte Mode 16-Mbyte Mode

MAR H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

IOAR H'FFFO0O0 to H'FFFFF H'FFFFOO to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)

MAR bits 23 to 20 are ignored in 1-Mbyte mode.
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8.6.8 Bus Cycle when Transfer is Aborted

When a transfer is aborted by clearing the DTE bit or suspended by an NMI that clears the DTME
bit, if this halts a channel for which the DMAC has a transfer request pending internally, a dead
cycle may occur. This dead cycle does not update the halted channel’s address register or counter
value. Figure 8.27 shows an example in which an auto-requested transfer in cycle-steal mode on
channel 0 is aborted by clearing the DTE bit in channel 0.

DMAC
CPU cycle DMAC cycle CPU cycle cycle CPU cycle

Address bus :X X X >< X

DTE bit is |
cleared |

Figure 8.27 Bus Timing at Abort of DMA Transfer in Cycle-Steal Mode
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Section 9 1/O Ports

9.1 Overview

The H8/3048B Series has 10 input/output ports (ports 1, 2, 3,4, 5,6, 8,9, A, and B) and one input
port (port 7). Table 9.1 summarizes the port functions. The pins in each port are multiplexed as
shown in table 9.1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, 4, and 5 have an input pull-up
MOS control register (PCR) for switching input pull-up MOS transistors on and off.

Ports 1 to 6 and port 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A, and B can
drive one TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive a darlington
pair. Ports 1, 2, 5, and B can drive LEDs (with 10-mA current sink). Pins P8, to P8,, PA; to PA,,
and PB; to PB, have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/O Port Block Diagrams.

Rev. 2.0, 02/03, page 253 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Table 9.1

Port Functions

Port | Description Pins Mode 1 | Mode 2 | Mode 3 | Mode 4 | Mode 5 | Mode 6 | Mode 7
Port 1 |« 8-bit I/O port |P17 to P1o/ Address output pins (A7 to Ao) Address output (A; |Generic
« Can drive Az to Ag to Ao) and generic |input/
LEDs input output
DDR = 0: generic
input
DDR = 1: address
output
Port 2 |« 8-bit I/O port |P2; to P2¢/ Address output pins (Ass to Ag) Address output (A5 |Generic
« Input pull-up A1s to Ag Fo Ag) and generic  |input/
MOS input output
« Can drive DDR = 0: generic
LEDs input
DDR = 1: address
output
Port 3 |+ 8-bit I/0 port P37 to P3¢/ Data input/output (D15 to Ds) Generic
D15 to Dsg input/
output
Port 4 |« 8-bit I/0 port |P4; to P4/ Data input/output (D7 to Do) and 8-bit generic input/output Generic
« Input pull-up D7 to Do 8-bit bus mode: generic input/output input/
MOS ) ] output
16-bit bus mode: data input/output
Port 5 |+ 4-bit 1/0 port |P5; to P5,/ Address output (Aqe to Ase) Address output (A1s |Generic
o InpUt pU“-Up A19 to A15 to A15? a.nd 4-bit input/
MOS generic input output
« Can drive DDR = 0: generic
LEDs input
DDR = 1: address
output
Port 6 |+ 7-bit I/O port |P6s/LWR, Bus control signal output (LWR, HWR, RD, AS) Generic
P6s/HWR, input/
P64/RD, output
P63/AS
P6,/BACK, Bus control signal input/output (BACK, BREQ, WAIT) and 3-
P6./BREQ, bit generic input/output
P6./WAIT
Port 7 |« 8-bit I/O port |P7-/AN7/DA+, |Analog input (AN7, ANg) to A/D converter, analog output (DA4, DAo) from
P7s/ANg/DA,  |D/A converter, and generic input
P75 to P7o/ Analog input (ANs to ANp) to A/D converter, and generic input
g Inp 9 p!
AN5 to ANo
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Port | Description Pins Mode 1 \ Mode 2 \ Mode 3 \ Mode 4 \ Mode 5 \ Mode 6 | Mode 7
Port 8 |« 5-bit I/O port |P84/CS, DDR = 0: generic input Generic
« P8, to P8, DDR = 1 (after reset): CS, output input/
have Schmitt output
inputs P8,/CSi/IRQ;, |IRQs to IRQ; input, CS; to CS; output, and generic input TRQ; to
P8,/CS./IRQy, _ . -~ IRQo
P8./CS,RO; DDR =0 (ﬂer res_et). generic input input and
DDR = 1: CS; to CS; output generic
P8y/RFSH/IRQy|IRQ, input, RFSH output, and generic input/output input/
output
Port 9 |+ 6-bit /0 port P95/SCK-/IRQs, Input and output (SCK1, SCKj, RxD4, RxDy, TxD4, TxD,) for serial
P9,/SCK/IRQs, [communication interfaces 1 and 0 (SCI1/0), IRQs and IRQ; input, and 6-
P9;/RxD+, bit generic input/output
P92/RXDO,
P91/TXD1,
Pgo/TXDo
Port A |+ 8-bit I/O port |PA7/TP+/ Output (TP7) from  |Address output TPC Address |TPC
« Schmitt TIOCB,/A programmable (Az0) output output output
inputs timing pattern (TPy), (Az0) (TP),
controller (TPC), ITU input ITU input
input or output or output or output
(TIOCBy) for 16-bit (TIOCBy), (TIOCBy),
integrated timer unit and and
(ITU), and generic generic generic
input/output input/ input/
output output
PA6/TPg/ TPC output (TPs to |TPC output (TPsto |TPC TPC TPC
TIOCA/Az/ TP4), ITU input and |TP4), ITU input and |output  |output output
CS, output (TIOCA,, output (TIOCA,, (TPsto |(TPsto |(TPsto
PAs/TPs/ TIOCB4, TIOCA,), |TIOCB4, TIOCA,), |TP4), ITU |TPy), ITU |TPy), ITU
TIOCB4/Az/  |CS,to CSs output, |address output (Az; |input and |input and |input and
CSs and generic input/  |to Ay), CS,to CSs |output  |output  |output
PALTP4/ output output, and generic [(TIOCA,, |(TIOCA,, |(TIOCA,,
TIOCA/Azs/ input/output TIOCB,, |TIOCB4, |TIOCB;,
CSe TIOCA,), |TIOCA,), |TIOCA,),
CS,to |address |and
CSs output  |generic
output, |(Azs to input/
and Az1), CS, |output
generic [to CSg
input/ output,
output and
generic
input/out
put
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Port | Description Pins Mode 1 \ Mode 2 \ Mode 3 \ Mode 4 \ Mode 5 \ Mode 6 \ Mode 7
Port A |+ 8-bit I/O port [PAs/TP3/ TPC output (TP3 to TPy), output (TEND;, TEND,) from DMA controller
« Schmitt TIOCBY/ (DMAC), ITU input and output (TCLKD, TCLKC, TCLKB, TCLKA,
inputs TCLKD, TIOCB,, TIOCAy), and generic input/output
PALITP,/
TIOCAY
TCLKC,
PA/TP4/
TEND:/TCLKB,
PAG/TP,/
TENDy/TCLKA
Port B |+ 8-bit I/O port [PB7/TP1s/ TPC output (TP1s), DMAC input (DREQy), trigger input (ADTRG) to A/D
« Can drive EREQMADTR converter, and generic input/output
LEDs
« PB.to PB, |PBe/TP14/ TPC output (TP+,), DMAC input (DREQq), CS; output, and TPC
3 0 ==~ Ao .
have Schmitt DREQ,,/CS; |generic input/output output
inputs (TP1a),
DMAC
input
(DREQy),
and
generic
input/
output
PBs/TP43/ TPC output (TP43 to TPs), ITU input and output (TOCXB,, TOCXA,,
TOCXBy, TIOCB,, TIOCA,, TIOCB3;, TIOCA3), and generic input/output
PB4/TP1,/
TOCXA,,
PB3/TP 14/
TIOCB,,
PB./TP 1o/
TIOCA,,
PB4/TPy/
TIOCBs,
PBo/TPs/
TIOCA;
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9.2 Port 1

9.2.1 Overview

Port 1 is an 8-bit input/output port with the pin configuration shown in figure 9.1. The pin
functions differ between the expanded modes with on-chip ROM disabled, expanded modes with
on-chip ROM enabled, and single-chip mode. In modes 1 to 4 (expanded modes with on-chip
ROM disabled), they are address bus output pins (A; to Ag).

In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings in the port 1 data
direction register (P1DDR) can designate pins for address bus output (A; to Ag) or generic input.
In mode 7 (single-chip mode), port 1 is a generic input/output port.

When DRAM is connected to area 3, A; to Ay output row and column addresses in read and write
cycles. For details see section 7, Refresh Controller.

Pins in port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Port1 pins Modes1to4 Modes 5 and 6 Mode 7

-~ P1;/A; A+ (output) P1; (input)/A; (output) P15, (input/output)
— P15/Ag Ag (output) P1g (input)/Ag (output) P14 (input/output)
— P15/A5 A5 (output) ) )

P15 (input)/As (output) P15 (input/output

- P14/A,4 A4 (output) P14 (input)/A4 (output) P14 (input/output)
Port1 ~— P13/A; A5 (output) P13 (input)/A5 (output) P13 (input/output)
~— P1,/A, A, (output) P15 (input)/A, (output) P15, (input/output)
> P1,/A, A (output) P14 (input)/A4 (output) P14 (input/output)

~— P14/Aq Ag (output) P1g (input)/Ag (output)  P1g (input/output)

Figure 9.1 Port 1 Pin Configuration
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9.2.2 Register Descriptions
Table 9.2 summarizes the registers of port 1.

Table 9.2  Port 1 Registers

Initial Value
Address™ Name Abbreviation R/W Modes 1to4 Modes5to7
H'FFCO Port 1 data direction P1DDR w H'FF H'00
register
H'FFC2 Port 1 data register P1DR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

P1DDR is an 8-bit write-only register that can select input or output for each pin in port 1.

Bit 7 6 5 4 3 2 1 0
‘P17DDR‘ P16DDR‘ P15DDR‘ P14DDR‘ P13DDR‘P12DDR‘P1 1DDR‘P10DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 |Read/Write O 0 0 O O 0 O O
Modes{lnitial value 0 0 0 0 0 0 0 0
5107 | Read/Write W W W W W W W W

Port 1 data direction 7 to 0
These bits select input or
output for port 1 pins

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): P1DDR values are fixed at 1
and cannot be modified. Port 1 functions as an address bus.

Modes 5 and 6 (Expanded Modes with On-Chip ROM Enabled): A pin in port 1 becomes an
address output pin if the corresponding PIDDR bit is set to 1, and a generic input pin if this bit is
cleared to 0.

Mode 7 (Single-Chip Mode): Port 1 functions as an input/output port. A pin in port 1 becomes an
output pin if the corresponding PIDDR bit is set to 1, and an input pin if this bit is cleared to 0.

In modes 5 to 7, PIDDR is a write-only register. Its value cannot be read. All bits return 1 when

read.
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P1DDR is initialized to H'FF in modes 1 to 4 and H'00 in modes 5 to 7 by a reset and in hardware
standby mode. In software standby mode it retains its previous setting. If a PIDDR bit is set to 1,
the corresponding pin maintains its output state in software standby mode.

Port 1 Data Register (P1DR)

P1DR is an 8-bit readable/writable register that stores port 1 output data. While port 1 acts as an
output port, the value of this register is output. When this register is read, the pin logic level of a
pin is read for bits for which the P1DDR setting is 0, and the P1DR value is read for bits for which
the PIDDR setting is 1.

Bit 7 6 5 4 3 2 1 0
‘ P17 ‘ P1s ‘ P15 ‘ P14 ‘ P13 ‘ P15, ‘ P14 ‘ P1o ‘
Initial value 0 0 0 0 0 0 0 0

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

Port 1 data7to 0
These bits store data for port 1 pins

P1DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.3 Port 2

9.3.1 Overview

Port 2 is an §-bit input/output port with the pin configuration shown in figure 9.2. The pin

functions differ according to the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 2 consists of address bus

output pins (A;s to Ag). In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings
in the port 2 data direction register (P2DDR) can designate pins for address bus output (A;s to Ag)
or generic input. In mode 7 (single-chip mode), port 2 is a generic input/output port.

When DRAM is connected to area 3, Ag and Ag output row and column addresses in read and
write cycles. For details see section 7, Refresh Controller.

Port 2 has software-programmable built-in pull-up MOS. Pins in port 2 can drive one TTL load
and a 90-pF capacitive load. They can also drive a darlington transistor pair.

Port 2 pins

R —— P27/A15
(- P26/A14
- P25/A13
> P24/A12
Port 2
- P23/A44
~— P2,/Aqo
e P2,/Ag

i P20/A8

Modes 1 to 4

A45 (output)
A44 (output)
A43 (output)
Ao (output)
A41 (output)
A4 (output)
Ag (output)
Ag (output)

Modes 5 and 6

P27 (input)/A45 (output)
P24 (input)/A44 (output)
P25 (input)/A43 (output)
P2, (input)/A4, (output)
P25 (input)/A44 (output)
P2, (input)/A4o (output)
P2, (input)/Ag (output)
P2, (input)/Ag (output)

Mode 7

P2, (input/output)
P2¢ (input/output)
P2g (input/output)
P2, (input/output)
P23 (input/output)
P2, (input/output)
P2, (input/output)
P2, (input/output)

Figure 9.2 Port 2 Pin Configuration
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9.3.2 Register Descriptions
Table 9.3 summarizes the registers of port 2.

Table 9.3  Port 2 Registers

Initial Value
Address™ Name Abbreviation R/W Modes 1to4 Modes5to7
H'FFC1 Port 2 data direction P2DDR W H'FF H'00
register
H'FFC3 Port 2 data register P2DR R/W H'00 H'00
H'FFD8 Port 2 input pull-up MOS P2PCR R/W H'00 H'00

control register
Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

P2DDR is an 8-bit write-only register that can select input or output for each pin in port 2.

Bit 7 6 5 4 3 2 1 0
‘P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR‘P22DDR \ P21DDR‘ P20DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 | ReadWrite O O 0 0 0 0 0 0
Modes{lnitial value 0 0 0 0 0 0 0 0
5107 | Read/Write W W W w W W W W

Port 2 data direction 7 to 0
These bits select input or
output for port 2 pins

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): P2DDR values are fixed at 1
and cannot be modified. Port 2 functions as an address bus.

Modes 5 and 6 (Expanded Modes with On-Chip ROM Enabled): Following a reset, port 2 is
an input port. A pin in port 2 becomes an address output pin if the corresponding P2DDR bit is set
to 1, and a generic input port if this bit is cleared to 0.

Mode 7 (Single-Chip Mode): Port 2 functions as an input/output port. A pin in port 2 becomes an
output port if the corresponding P2DDR bit is set to 1, and an input port if this bit is cleared to 0.

In modes 1 to 4, P2DDR always returns 1 when read. No value can be written to.
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In modes 5 to 7, P2DDR is a write-only register. Its value cannot be read. All bits return 1 when
read.

P2DDR is initialized to H'FF in modes 1 to 4 and H'00 in modes 5 to 7 by a reset and in hardware
standby mode. In software standby mode it retains its previous setting. If a P2DDR bit is set to 1,
the corresponding pin maintains its output state in software standby mode.

Port 2 Data Register (P2DR)

P2DR is an 8-bit readable/writable register that stores output data for pins P2, to P2,. While port 2
acts as an output port, the value of this register is output. When a bit in P2DDR is set to 1, if port 2
is read the value of the corresponding P2DR bit is returned. When a bit in P2DDR is cleared to 0,
if port 2 is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0
‘ P27 ‘ P2¢ ‘ P25 ‘ P24 ‘ P23 ‘ P2, ‘ P24 ‘ P2y ‘
Initial value 0 0 0 0 0 0 0 0

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

Port 2 data7 to 0
These bits store data for port 2 pins

P2DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 2 Input Pull-Up MOS Control Register (P2PCR)

P2PCR is an 8-bit readable/writable register that controls the MOS input pull-up transistors in port
2.

Bit 7 6 5 4 3 2 1 0

‘ P2;PCR ‘ P26PCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ P2,PCR ‘ P2yPCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 input pull-up MOS control 7 to 0

These bits control input pull-up
transistors built into port 2

In modes 5 to 7, when a P2DDR bit is cleared to 0 (selecting generic input), if the corresponding
bit from P2,PCR to P2,PCR is set to 1, the input pull-up MOS is turned on.
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P2PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it

retains its previous setting.

Table 9.4 summarizes the states of the input pull-up transistors.

Table 9.4 Input Pull-Up MOS States (Port 2)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 Off Off Off Off
2
3
4
5 Off Off On/off On/off
6
7
Legend

Off:  The input pull-up MOS is always off.

On/off: The input pull-up MOS is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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9.4 Port 3

9.4.1 Overview

Port 3 is an §-bit input/output port with the pin configuration shown in figure 9.3. Port 3 is a data
bus in modes 1 to 6 (expanded modes) and a generic input/output port in mode 7 (single-chip

mode).

Pins in port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 3 pins

[ P37/D15
- P36/D14
[ P35/D13
- P34/D12
Port 3
> P33/D11
~— P3,/Dqo
~— P3,/Dg

i P30/D8

Modes 1 to 6

D45 (input/output)
D44 (input/output)
D43 (input/output)
D4, (input/output)
D44 (input/output)
Do (input/output)
Dg (input/output)
Dg (input/output)

Mode 7

P3 (input/output)
P3¢ (input/output)
P35 (input/output)
P3, (input/output)
P33 (input/output)
P35 (input/output)
P34 (input/output)
P3¢ (input/output)

Figure 9.3 Port 3 Pin Configuration

9.4.2 Register Descriptions

Table 9.5 summarizes the registers of port 3.

Table 9.5  Port 3 Registers

Address™ Name Abbreviation R/W Initial Value
H'FFC4 Port 3 data direction register P3DDR H'00
H'FFC6 Port 3 data register P3DR R/W H'00

Note: * Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

P3DDR is an 8-bit write-only register that can select input or output for each pin in port 3.

Bit 7 6 5 4 3 2 1 0
‘P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR‘ P32DDR‘ P34 DDR‘ P30DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W w w w W w w w

Port 3 data direction 7 to 0
These bits select input or output for port 3 pins

Modes 1 to 6 (Expanded Modes): Port 3 functions as a data bus. P3DDR is ignored.

Mode 7 (Single-Chip Mode): Port 3 functions as an input/output port. A pin in port 3 becomes an
output port if the corresponding P3DDR bit is set to 1, and an input port if this bit is cleared to 0.

P3DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P3DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a P3DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 3 Data Register (P3DR)

P3DR is an 8-bit readable/writable register that stores output data for pins P3; to P3,. While port 3
acts as an output port, the value of this register is output. When a bit in P3DDR is set to 1, if port 3
is read the value of the corresponding P3DR bit is returned. When a bit in P3DDR is cleared to 0,
if port 3 is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0
‘ P37 ‘ P36 ‘ P35 ‘ P34 ‘ P33 ‘ P32 ‘ P31 ‘ P3¢ ‘
Initial value 0 0 0 0 0 0 0 0

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

Port 3 data 7 to 0
These bits store data for port 3 pins

P3DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.5 Port 4

9.5.1 Overview

Port 4 is an §-bit input/output port with the pin configuration shown in figure 9.4. The pin
functions differ according to the operating mode.

In modes 1 to 6 (expanded modes), when the bus width control register (ABWCR) designates
areas 0 to 7 all as 8-bit-access areas, the chip operates in 8-bit bus mode and port 4 is a generic
input/output port. When at least one of areas 0 to 7 is designated as a 16-bit-access area, the chip
operates in 16-bit bus mode and port 4 becomes part of the data bus. In mode 7 (single-chip
mode), port 4 is a generic input/output port.

Port 4 has software-programmable built-in pull-up MOS.

Pins in port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Port 4

Port 4 pins

P4,/D;
P4g/Dg
P45/Dg
P4,/D,
P4,/D,
P4,/D,
P4,/D,
P44/D,

Modes 1 to 6

P4 (input/output)/D7 (input/output)
P4¢ (input/output)/Dg (input/output)
P45 (input/output)/Ds (input/output)
P4, (input/output)/Dy4 (input/output)
P4 (input/output)/D3 (input/output)
P4, (input/output)/D, (input/output)
P4, (input/output)/D4 (input/output)
P4, (input/output)/Dy (input/output)

Mode 7

P4 (input/output)
P4¢ (input/output)
P4 (input/output)
P4, (input/output)
P45 (input/output)
P4, (input/output)
P4, (input/output)

P4, (input/output)

Figure 9.4 Port 4 Pin Configuration
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9.5.2 Register Descriptions
Table 9.6 summarizes the registers of port 4.

Table 9.6  Port 4 Registers

Address™ Name Abbreviation R/W Initial Value

H'FFC5 Port 4 data direction register P4DDR w H'00

H'FFC7 Port 4 data register P4DR R/W H'00

H'FFDA Port 4 input pull-up MOS control P4PCR R/W H'00
register

Note: * Lower 16 bits of the address.

Port 4 Data Direction Register (P4DDR)

P4DDR is an 8-bit write-only register that can select input or output for each pin in port 4.

Bit 7 6 5 4 3 2 1 0

‘ P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P43DDR‘ P4,DDR ‘ P41DDR‘ P4,DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W W W w W w

Port 4 data direction 7 to 0
These bits select input or output for port 4 pins

Modes 1 to 6 (Expanded Modes): When all areas are designated as 8-bit-access areas using the
bus width control register (ABWCR) of the bus controller, selecting 8-bit bus mode, port 4
functions as a generic input/output port. A pin in port 4 becomes an output port if the
corresponding P4DDR bit is set to 1, and an input port if this bit is cleared to 0.

When at least one area is designated as a 16-bit-access area, selecting 16-bit bus mode, port 4
functions as part of the data bus regardless of the value in P4ADDR.

Mode 7 (Single-Chip Mode): Port 4 functions as an input/output port. A pin in port 4 becomes an
output port if the corresponding PADDR bit is set to 1, and an input port if this bit is cleared to 0.

P4DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P4DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting.

ABWCR and P4DDR are not initialized in software standby mode. When port 4 functions as a
generic input/output port, if a PADDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 4 Data Register (P4DR)

P4DR is an 8-bit readable/writable register that stores output data for pins P4, to P4,. While port 4
acts as an output port, the value of this register is output. When a bit in P4ADDR is set to 1, if port 4
is read the value of the corresponding P4DR bit is returned. When a bit in P4ADDR is cleared to 0,
if port 4 is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ P4, ‘ P4g ‘ P4g ‘ P44 ‘ P43 ‘ P4, ‘ P44 ‘ P4, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 data 7 to 0
These bits store data for port 4 pins

P4DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 4 Input Pull-Up MOS Control Register (P4PCR)

P4PCR is an 8-bit readable/writable register that controls the MOS input pull-up transistors in port
4.

Bit 7 6 5 4 3 2 1 0
‘P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P4;PCR ‘ P4,PCR ‘ P4, PCR‘ P40PCR‘
Initial value 0 0 0 0 0 0 0 0

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

Port 4 input pull-up MOS control 7 to 0
These bits control input pull-up MOS transistors built into port 4

In mode 7 (single-chip mode), and in 8-bit bus mode in modes 1 to 6 (expanded modes), when a
P4DDR bit is cleared to 0 (selecting generic input), if the corresponding P4PCR bit is set to 1, the
input pull-up MOS transistor is turned on.

P4PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 9.7 summarizes the states of the input pull-ups MOS in the 8-bit and 16-bit bus modes.

Table 9.7  Input Pull-Up MOS Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1t06 8-bit bus mode Off Off On/off On/off
16-bit bus mode Off Off
7 On/off On/off

Legend
Off:  The input pull-up MOS transistor is always off.
On/off: The input pull-up MOS transistor is on if PAPCR = 1 and P4DDR = 0. Otherwise, it is off.
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9.6 Port 5

9.6.1 Overview

Port 5 is a 4-bit input/output port with the pin configuration shown in figure 9.5. The pin functions
differ depending on the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (A9 to Aj). In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings in the
port 5 data direction register (PSDDR) designate pins for address bus output (Ao to Ajg) or
generic input. In mode 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmable built-in pull-up MOS transistors.

Pins in port 5 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
a darlington transistor pair.

Port 5

Port 5
pins

P53/A g
P5,/A g
P5,/A 47
P50/A+g

Modes 1 to 4

A4g (output)

Ayg (output)

A47 (output)
(

A4g (output)

Modes 5 and 6

P53 (input)/A4g (output)
P5, (input)/Ag (output)
P5, (input)/A47 (output)
P5 (input)/A4g (output)

Mode 7

P53 (input/output)
P55 (input/output)
P54 (input/output)
P54 (input/output)
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9.6.2

Register Descriptions

Table 9.8 summarizes the registers of port 5.

Table 9.8  Port 5 Registers
Initial Value
Address™ Name Abbreviation R/W Modes 1to4 Modes5to7
H'FFC8 Port 5 data direction P5DDR W H'FF H'FO
register
H'FFCA Port 5 data register P5DR R/W H'FO H'FO
H'FFDB Port 5 input pull-up MOS P5PCR R/W H'FO H'FO

control register

Note: * Lower 16 bits of the address.

Port S Data Direction Register (PSDDR)

P5DDR is an 8-bit write-only register that can select input or output for each pin in port 5.

Bits 7 to 4 are reserved. They cannot be modified and are always read as 1.

Bit
Modes
1to4

Modes
5to7

7 6 5 4 3 2 1 0

d d d O ‘P53DDR‘P52DDR‘ P51DDR‘ P50DDR‘
{Initial value 1 1 1 1 1 1 1 1
Read/Write 0O g g g a ad ad ad
{Initial value 1 1 1 1 0 0 0 0
Read/Write 0O g g g w W w w

Reserved bits

Port 5 data direction 3 to 0
These bits select input or
output for port 5 pins

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): PSDDR values are fixed at 1
and cannot be modified. Port 5 functions as an address bus.

Modes 5 and 6 (Expanded Modes with On-Chip ROM Enabled): Following a reset, port 5 is
an input port. A pin in port 5 becomes an address output pin if the corresponding PSDDR bit is set
to 1, and an input port if this bit is cleared to 0.
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Mode 7 (Single-Chip Mode): Port 5 functions as an input/output port. A pin in port 5 becomes an
output port if the corresponding PSDDR bit is set to 1, and an input port if this bit is cleared to 0.

In modes 1 to 4, PSDDR always returns 1 when read. No value can be written to.

In modes 5 to 7, PSDDR is a write-only register. Its value cannot be read. All bits return 1 when

read.

P5DDR is initialized to H'FF in modes 1 to 4 and H'FO in modes 5 to 7 by a reset and in hardware
standby mode. In software standby mode it retains its previous setting, so if a PSDDR bit is set to
1 while port 5 acts as an I/O port, the corresponding pin maintains its output state in software
standby mode.

Port 5 Data Register (PSDR)

P5DR is an 8-bit readable/writable register that stores output data for pins P5; to P5,. While port 5
acts as an output port, the value of this register is output. When a bit in PSDDR is set to 1, if port 5
is read the value of the corresponding P5DR bit is returned. When a bit in PSDDR is cleared to 0,

if port 5 is read the corresponding pin level is read.

Bits 7 to 4 are reserved. They cannot be modified and are always read as 1.

Bit 7 6 5 4 3 2 1 0
O ‘ O O O ‘ P53 ‘ P55 ‘ P54 ‘ P59 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write a O O O R/W R/W R/W R/W
Reserved bits Port 5data3to 0

These bits store data
for port 5 pins

P5DR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it

retains its previous setting.
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Port S Input Pull-Up MOS Control Register (PSPCR)

Bit 7 6 5 4 3 2 1 0
‘ ad ‘ O ‘ O ‘ O ‘ P53PCR ‘ P52PCR‘ P54 PCR‘PSOPCR‘
Initial value 1 1 1 1 0 0 0 0
Read/Write O O O O R/W R/W R/W R/W
Reserved bits Port 5 input pull-up MOS control 3 to 0

These bits control input pull-up MOS
transistors built into port 5

P5PCR is an 8-bit readable/writable register that controls the MOS input pull-up MOS transistors
in port 5.

Bits 7 to 4 are reserved. They cannot be modified and are always read as 1.

In modes 5 to 7, when a PSDDR bit is cleared to 0 (selecting generic input), if the corresponding
bit from P5;PCR to P5,PCR is set to 1, the input pull-up MOS transistor is turned on.

P5PCR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode
it retains its previous setting.

Table 9.9 summarizes the states of the input pull-ups MOS in each mode.

Table 9.9  Input Pull-Up MOS Transistor States (Port 5)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 Off Off Off Off
2
3
4
5 Off Off On/off On/off
6
7
Legend

Off:  The input pull-up MOS transistor is always off.
On/off: The input pull-up MOS transistor is on if PSPCR = 1 and PSDDR = 0. Otherwise, it is off.
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9.7 Port 6

9.7.1 Overview

Port 6 is a 7-bit input/output port that is also used for input and output of bus control signals

(m, HWR, RD, AS, BACK, BREQ, and WAIT). When DRAM is connected to area 3, LWR,
HWR, and RD also function as LW, UW, and CAS, or LCAS, UCAS, and WE, respectively. For
details see section 7, Refresh Controller.

Figure 9.6 shows the pin configuration of port 6. In modes 1 to 6 (expanded modes) the pin
functions are LWR, HWR, RD, AS, P6,/BACK, P6,/BREQ, and P6/WAIT. See table 9.11 for the
method of selecting the pin states. In mode 7 (single-chip mode) port 6 is a generic input/output

port.

Pins in port 6 can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair.

Port 6

Port 6 pins

P6g/LWR
P65/ HWR
P6,/RD

P65 /AS

P6,/ BACK
P6,/BREQ
P6, / WAIT

Modes 1 to 6
(expanded modes)

LWR (output)

WR (output)

T

RD  (output)

AS  (output)
P6, (input/output)/ BACK (output)
P6 4 (input/output)/ BREQ (input)
P6, (input/output)/ WAIT (input)

Mode 7
(single-chip mode)

P6 g (input/output)
P6 5 (input/output)
P64 (input/output)
P6 5 (input/output)
P6, (input/output)
P64 (input/output)
P6 ¢ (input/output)

Figure 9.6 Port 6 Pin Configuration
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9.7.2 Register Descriptions
Table 9.10 summarizes the registers of port 6.

Table 9.10 Port 6 Registers

Initial Value
Address™ Name Abbreviation R/W Modes1to5 Modes 6,7
H'FFC9 Port 6 data direction P6DDR W H'F8 H'80
register
H'FFCB Port 6 data register P6DR R/W H'80 H'80

Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR)

P6DDR is an 8-bit write-only register that can select input or output for each pin in port 6. Bit 7 is
reserved. It cannot be modified and is always read as 1.

Bit 7 6 5 4 3 2 1 0
‘ O ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR‘P62DDR‘ P61DDR‘P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write a w W W W W W w
Reserved bit Port 6 data direction 6 to 0

These bits select input or output for port 6 pins

Modes 1 to 6 (Expanded Modes): Ports P64 to P65 function as bus control output pins (LWR,
HWR, RD, AS), regardless of the settings of P6,DDR to P6;DDR. Ports P6, to P6, function as the
bus control pins (BACK, BREQ, WAIT) or I/O ports. For selecting the pin function, see table
9.11. When ports P6, to P6, function as I/O ports and if PODDR is set to 1, the corresponding pin
of port 6 functions as an output port. If PODDR is cleared to 0, the corresponding pin functions as
an input port.

Mode 7 (Single-Chip Mode): Port 6 is a generic input/output port. A pin in port 6 becomes an
output port if the corresponding P6DDR bit is set to 1, and an input port if this bit is cleared to 0.

P6DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P6DDR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a PODDR bit is set to 1 while port 6 acts as an 1/O port, the
corresponding pin maintains its output state in software standby mode.
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Port 6 Data Register (P6DR)

6 5 4 3 2 1 0

Bit 7

O ‘ P6g ‘ P65 ‘ P64 ‘ P65 ‘ P6, ‘ P6 ‘ P6 ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write O R/W R/W R/W R/W R/W R/W R/W

Reserved bit Port 6 data6to 0
These bits store data for port 6 pins

P6DR is an 8-bit readable/writable register that stores output data for pins P64 to P6,. When this
register is read, bits 6 to 0 each returns the logic level of the pin, when the corresponding bit of
P6DDR is 0. When the corresponding bit of P6DDR is 1, bits 6 to 0 return the P6DR value.

Bit 7 is reserved, cannot be modified, and always read as 1.

P6DR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode it

retains its previous setting.
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Table 9.11

Port 6 Pin Functions in Modes 1 to 6

Pin Pin Functions and Selection Method
P66s/LWR Functions as follows regardless of P6sDDR
P6¢DDR 0 1
Pin function LWR output
P6s/HWR Functions as follows regardless of P6sDDR
P6sDDR 0 1
Pin function HWR output
P64/RD Functions as follows regardless of P6,;DDR
P6sDDR 0 1
Pin function RD output
P63/AS Functions as follows regardless of P6;DDR
P63:DDR 0 1
Pin function AS output
P6,/BACK Bit BRLE in BRCR and bit P6,DDR select the pin function as follows
BRLE 0 1
P62DDR 0 1 —
Pin function P6; input P62 output BACK output
P61/BREQ Bit BRLE in BRCR and bit P6/DDR select the pin function as follows
BRLE 0 1
P6,DDR 0 1 —
Pin function P61 input P61 output BREQ input
P6o/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6,DDR select the

pin function as follows

WCER All 1s Not all 1s
WMSH1 0 —
P60,DDR 0 1 0* 0*
Pin function P6o input P6, output WAIT input

Note: * Do not set bit P6oDDR to 1.
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9.8 Port 7

9.8.1 Overview

Port 7 is an 8-bit input port that is also used for analog input to the A/D converter and analog
output from the D/A converter. The pin functions are the same in all operating modes. Figure 9.7
shows the pin configuration of port 7.

For the analog input pins of the A/D converter, see section 15, A/D Converter.

For the analog input pins of the D/A converter, see section 16, D/A Converter.

Port 7 pins

~—— P7, (input)/AN; (input)/DA 4 (output)
— P7¢ (input)/ANg (input)/DA o (output)
+—— P75 (input)/AN5 (input)

—— P74 (input)/AN4 (input)

Port 7
—— P75 (input)/AN 3 (input)
—— P75 (input)/AN, (input)
~—— P74 (input)/AN (input)
~<—— P7q (input)/AN (input)

Figure 9.7 Port 7 Pin Configuration

Rev. 2.0, 02/03, page 278 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

9.8.2 Register Description

Table 9.12 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction

register.

Table 9.12 Port 7 Data Register

Address™ Name Abbreviation R/W Initial Value
H'FFCE Port 7 data register P7DR R Undetermined
Note: * Lower 16 bits of the address.
Port 7 Data Register (P7DR)
Bit 7 6 5 4 3 2 1 0
Cer, | e | P | P | P, | P | Pry | Prp |
Initial value O* O * O * O * O* O* O* O *
Read/Write R R R R R R R R

Note: * Determined by pins P77 to P7q.

When P7DR is read, the logic level of the pin is always read. No data can be written to.
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9.9 Port 8

9.9.1 Overview

Port 8 is a 5-bit input/output port that is also used for CS; to CS, output, RESH output, and IRQ;
to IRQg input. Figure 9.8 shows the pin configuration of port 8.

In modes 1 to 6 (expanded modes), port 8 can provide CS; to CS, output, RESH output, and IRQs
to IRQ, input. See table 9.14 for the selection of pin functions in expanded modes.

In mode 7 (single-chip mode), port 8 can provide IRQ; to IRQ, input. See table 9.15 for the
selection of pin functions in single-chip mode.

The IRQj; to IRQ, functions are selected by IER settings, regardless of whether the pin is used for
input or output. For details see section 5, Interrupt Controller.

Pins in port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.

Port 8 pins Pin functions in modes 1 to 6
(expanded modes)

== P8,/CS, P8, (input)/CS, (output)

«—= P8,/CS/IRQ; P85 (input)/ CS4 (output)/ IRQ; (input)

Port8 {«—= P8,/CS,/IRQ, P8, (input)/CS, (output)/IRQ, (input)
~—» P8,/CS;/IRQ, P84 (input)/ CS5 (output)/ IRQ4 (input)
~——= P8,/RFSH/IRQ, P8, (input/output)/ RFSH (output)/IRQ (input)

Pin functions in mode 7
(single-chip mode)

P8,4/(input/output)

P8, /(input/output)/ TRQ; (input)
P8, /(input/output)/ TRQ,, (input)
P8, /(input/output)/ TRQ (input)
P8,/(input/output)/ TRQ, (input)

Figure 9.8 Port 8 Pin Configuration
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9.9.2 Register Descriptions
Table 9.13 summarizes the registers of port 8.

Table 9.13 Port 8 Registers

Initial Value
Address™ Name Abbreviation R/W Modes 1to4 Modes5to7
H'FFCD Port 8 data direction P8DDR W H'FO H'EO
register
H'FFCF Port 8 data register P8DR R/W H'EO H'EO

Note: * Lower 16 bits of the address.

Port 8 Data Direction Register (PSDDR)
P8DDR is an 8-bit write-only register that can select input or output for each pin in port 8.

Bits 7 to 5 are reserved. They cannot be modified and are always read as 1.

Bit 7 6 5 4 3 2 1 0
\ O \ O \ O \ P84DDR‘ P83DDR‘P82DDR \ P81DDR‘ P80DDR‘
Modes{ Initial value 1 1 1 1 0 0 0 0
1104 | ReadWrite [ O O W W W W W
Modes{ Initial value 1 1 1 0 0 0 0 0
5107 | Read/Write [ O O W W W W w
Reserved bits Port 8 data direction 4 to 0

These bits select input or
output for port 8 pins

Modes 1 to 6 (Expanded Modes): When bits in PSDDR bit are set to 1, P8, to P8, become ﬁo to
CS; output pins. When bits in PSDDR are cleared to 0, the corresponding pins become input ports.
In modes 1 to 4 (expanded modes with on-chip ROM disabled), following a reset only CS, is
output. The other three pins are input ports. In modes 5 and 6 (expanded modes with on-chip
ROM enabled), following a reset all four pins are input ports.

When the refresh controller is enabled, P8 is used unconditionally for RFSH output. When the
refresh controller is disabled, P8, becomes a generic input/output port according to the PSDDR
setting. For details see table 9.15.
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Mode 7 (Single-Chip Mode): Port 8 is a generic input/output port. A pin in port 8 becomes an
output port if the corresponding P8DDR bit is set to 1, and an input port if this bit is cleared to 0.

P8DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P8DDR is initialized to H'FO in modes 1 to 4 and H'EO in modes 5 to 7 by a reset and in hardware
standby mode. In software standby mode it retains its previous setting, so if a PSDDR bit is set to
1 while port 8 acts as an I/O port, the corresponding pin maintains its output state in software
standby mode.

Port 8 Data Register (P8DR)

P8DR is an 8-bit readable/writable register that stores output data for pins P8, to P§,. While port 8
acts as an output port, the value of this register is output. When a bit in PSDDR is set to 1, if port 8
is read the value of the corresponding PSDR bit is returned. When a bit in PSDDR is cleared to 0,
if port 8 is read the corresponding pin level is read.

Bits 7 to 5 are reserved. They cannot be modified and always are read as 1.

Bit 7 6 5 4 3 2 1 0
o | o | o | P, | Pes | P8, | P8y | P8y |
Initial value 1 1 1 0 0 0 0 0
Read/Write a O O R/W R/W R/W R/W R/W
Reserved bits Port 8 datad4 to 0

These bits store data
for port 8 pins

P8DR is initialized to H'EO by a reset and in hardware standby mode. In software standby mode it

retains its previous setting.
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Table 9.14 Port 8 Pin Functions in Modes 1 to 6

Pin Pin Functions and Selection Method
P84/CSo Bit P84DDR selects the pin function as follows
P84DDR 0 1
Pin function P84 input CSo output
P85/CS1/IRQ; Bit P83DDR selects the pin function as follows
P8;DDR 0 1
Pin function P8; input CS1 output
TRQs input
P8,/CS,/IRQ; Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P82 input CS; output
IRQ; input
P84/CS3/IRQ; Bit P8/DDR selects the pin function as follows
P8/DDR 0 1
Pin function P81 input CS:; output

IRQy input

P8o/RFSH/IRQo

Bit RFSHE in RF

SHCR and bit P8,DDR select the pin function as follows

RFSHE 0 1

P8o,DDR 0 1 —

Pin function P8, input P8, output RFSH output
IRQy input
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Table 9.15 Port 8 Pin Functions in Mode 7

Pin Pin Functions and Selection Method
P84 Bit P84DDR selects the pin function as follows
P84DDR 0 1
Pin function P8, input P84 output
P83/1RQ; Bit P83DDR selects the pin function as follows
P83:DDR 0 1
Pin function P83 input P83 output
TRQs input
P8,/IRQ. Bit P82DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8 output
IRQ; input
P84/1RQ; Bit P81DDR selects the pin function as follows
P8:DDR 0 1
Pin function P8+ input P8+ output
IRQy input
P80/1IRQo Bit P8oDDR select the pin function as follows
P8o,DDR 0 1
Pin function P8¢ input P8 output

TRQq input
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9.10 Port 9

9.10.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TxDgy, TxD;, RxD,, RxDy,
SCKy, SCK) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQs
and IRQ, input. See table 9.17 for the selection of pin functions.

The IRQs and IRQ, functions are selected by IER settings, regardless of whether the pin is used
for input or output. For details see section 5, Interrupt Controller.

Port 9 has the same set of pin functions in all operating modes. Figure 9.9 shows the pin
configuration of port 9.

Pins in port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair.

Port 9 pins

=——»= P95 (input/output)/SCK (input/output)/IRQ;5 (input)
e——= P9, (input/output)/SCK (input/output)/IRQ, (input)
~—— P95 (input/output)/RxD4 (input)

Port 9
~——> P9, (input/output)/RxDg (input)
~——> P9, (input/output)/TxD4 (output)

~—— P9, (input/output)/TxDg (output)

Figure 9.9 Port 9 Pin Configuration
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9.10.2  Register Descriptions
Table 9.16 summarizes the registers of port 9.

Table 9.16 Port 9 Registers

Address™ Name Abbreviation R/W Initial Value
H'FFDO Port 9 data direction register PO9DDR W H'CO
H'FFD2 Port 9 data register PODR R/W H'CO

Note: * Lower 16 bits of the address.

Port 9 Data Direction Register (PO9DDR)

PY9DDR is an 8-bit write-only register that can select input or output for each pin in port 9.

Bits 7 and 6 are reserved. They cannot be modified and are always read as 1.

Bit 7 6 5 4 3 2 1 0
a ‘ a ‘ P95DDR‘ P94DDR‘ P93DDR‘P92DDR‘ P91DDR‘ P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write a a w w w W w w
Reserved bits Port 9 data direction 5to 0

These bits select input or

output for port 9 pins

While port 9 acts as an 1/O port, a pin in port 9 becomes an output port if the corresponding
PI9DDR bit is set to 1, and an input port if this bit is cleared to 0. For selecting the pin function, see

table 9.17.

P9DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P9DDR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a PO9DDR bit is set to 1 while port 9 acts as an 1/O port, the

corresponding pin maintains its output state in software standby mode.
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Port 9 Data Register (P9DR)

P9DR is an 8-bit readable/writable register that stores output data for pins P95 to P9,. While port 9
acts as an output port, the value of this register is output. When a bit in PO9DDR is set to 1, if port 9
is read the value of the corresponding P9DR bit is returned. When a bit in P9DDR is cleared to 0,

if port 9 is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0
a a ‘ P95 ‘ P94 ‘ P94 ‘ P9, ‘ P94 ‘ P9 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write a O R/W R/W R/W R/W R/W R/W
Reserved bits Port 9 data 5to 0

These bits store data
for port 9 pins

Bits 7 and 6 are reserved. They cannot be modified and are always read as 1.

PI9DR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode it

retains its previous setting.
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Table 9.17 Port 9 Pin Functions

Pin Pin Functions and Selection Method

P9s/SCK4/IRQs Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9sDDR
select the pin function as follows

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P9sDDR 0 1 — — —
Pin function P9s P9s SCKj SCK;4 SCK;4
input output output output input
IRQs input

P94/SCKo/IRQ4 Bit C/A in SMR of SCIO, bits CKEO and CKE1 in SCR of SCIO0, and bit P9;DDR
select the pin function as follows

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P94DDR 0 1 — — —
Pin function P9, P94 SCKp SCKo SCKo
input output output output input
TRQq input
P93/RxD+ Bit RE in SCR of SCI1 and bit P9;DDR select the pin function as follows
RE 0 1
P93DDR 0 1 —
Pin function P93 input P93 output RxD+ input
P9,/RxDg Bit RE in SCR of SCIO, bit SMIF in SCMR, and bit P9:DDR select the pin
function as follows
SMIF 0 1
RE 0 1 —
P9,DDR 0 1 — —
Pin function P92 input P92 output RxDg input RxDg input
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Pin Pin Functions and Selection Method
P91/TxD1 Bit TE in SCR of SCI1 and bit P9/DDR select the pin function as follows
TE 0 1
P9/DDR 0 1 —
Pin function P91 input P9, output TxD+ output
P90/TxDo Bit TE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin

function as follows

SMIF 0 1

TE 0 1 —
P9.DDR 0 1 — —

Pin function P90 input P9 output TxDo output | TxDo output™

Note: * Functions as the TxDo output pin, but there are two states: one in which
the pin is driven, and another in which the pin is at high-impedance.
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9.11 Port A

9.11.1 Overview

Port A is an 8-bit input/output port that is also used for output (TP, to TP,) from the
programmable timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB,,
TIOCA,, TIOCB,, TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit integrated timer
unit (ITU), output (TEND,, TENDj) from the DMA controller (DMAC), CS;4 to CS¢ output, and
address output (Ay; to Ay). A reset or hardware standby leaves port A as an input port, except that
in modes 3, 4, and 6, one pin is always used for A,, output. For selecting the pin function, see
table 9.19. Usage of pins for TPC, ITU, and DMAC input and output is described in the sections
on those modules. For output of address bits A,; to A,; in modes 3, 4, and 6, see section 6.2.5, Bus
Release Control Register (BRCR). For output of CS, to CS; in modes 1 to 6, see section 6.3.2,
Chip Select Signals. Pins not assigned to any of these functions are available for generic
input/output. Figure 9.10 shows the pin configuration of port A.

Pins in port A can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair. Port A has Schmitt-trigger inputs.
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Port A

Port A pins

PA,/TP;/TIOCB,/A 5
PAg/TPg/TIOCA,/A24/CS,
PA5/TP5/TIOCB/A5,/CSs

PA 4/TP4/TIOCA/A»3/CSg
PA3/TP3/TIOCB,/TCLKD
PAL/TP,/TIOCA,/TCLKC
PA,/TP,/TEND,/TCLKB
PA(/TP/TEND,/TCLKA

Pin functions in modes 1, 2, and 5
PA7 (input/output)/TP; (output)/TIOCB , (input/output)

PAg (input/output)/TPg (output)/TIOCA , (input/output)/CS, (output)
PA 5 (input/output)/TP5 (output)/TIOCB 4

PA 4 (input/output)/TP,4 (output)/TIOCA 4

( ) ( )
( ) ( ) input/output)/CSs(output)
( ) ( )
PA 5 (input/output)/TP3 (output)/TIOCB ( (input/output)/TCLKD (input)
( ) ( )
( ) ( )
( ) ( )

(

(

(

(input/output)/CSg(output)

(

PA, (input/output)/TP, (output)/TIOCA  (input/output)/TCLKC (input)
/TEND 4 (output)/TCLKB (input)
PA (input/output)/TP, (output)/TEND (output)/TCLKA (input)

PA 4 (input/output)/TP4 (output

Pin functions in modes 3, 4, and 6

Aog (output)

PA g (input/output)/TPg (output)/TIOCA ; (input/output)/A 4 (output)/CS, (output)

PA 5 (input/output)/TPs (output)/TIOCB 4 (input/output)/A, (output)/CSs (output)

PA 4 (input/output)/TP, (output)/TIOCA 4 (input/output)/A 3 (output)/CSg (output)

PA 3 (input/output)/TP3 (output)/TIOCB g (input/output)/TCLKD (input)

PA (input/output)/TP, (output)/TIOCA  (input/output)/TCLKC (input)

PA  (input/output)/TP4 (output)/TEND; (output)/TCLKB (input)

PA (input/output)/TPq (output)/TEND,, (output)/TCLKA (input)

Pin functions in mode 7

PA; (input/output)/TP; (output)/TIOCB, (input/output)

PAg (input/output)/TPg (output)/TIOCA, (input/output)

PA5 (input/output)/TP5 (output)/TIOCB; (input/output)

PA, (input/output)/TP4 (output)/TIOCA, (input/output)

PA3 (input/output)/TP3 (output)/TIOCB (input/output)/ TCLKD (input)

PA, (input/output)/TP, (output)/TIOCA, (input/output)/ TCLKC (input)
( ( TEND.
( (

PA; (input/output)/TP (output)/ TEND (output)/TCLKB (input)

)
)
)
)
)
)
)
PA, (input/output)/TPy (output)/TENDj (output)/TCLKA (input)

)
)
)
)
)
)
)
)

Figure 9.10 Port A Pin Configuration
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9.11.2  Register Descriptions
Table 9.18 summarizes the registers of port A.

Table 9.18 Port A Registers

Initial Value
Modes Modes
Address™ Name Abbreviation R/W 1,2,5,and7 3,4,and 6
H'FFD1 Port A data direction PADDR W H'00 H'80
register
H'FFD3 Port A data register PADR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that can select input or output for each pin in port A. When
pins are used for TPC output, the corresponding PADDR bits must also be set.

Bit 7 6 5 4 3 2 1 0
‘PA7DDR‘ PAg DDR‘ PA5DDR‘ PA, DDR‘ PA; DDR‘PAZ DDR‘ PA DDR‘PAODDR‘
g’!ofes{lnitialvalue 1 0 0 0 0 0 0 0
and 6 | Read/Write 0O W w w w w w w
':’!OZfGSS{lnitialvalue 0 0 0 0 0 0 0 0
and7 | Read/Write W W W W W W W W

Port A data direction 7 to 0
These bits select input or output for port A pins

While port A acts as an I/O port, a pin in port A becomes an output pin if the corresponding
PADDR bit is set to 1, and an input pin if this bit is cleared to 0. In modes 3, 4, and 6, PA;DDR is
fixed at 1 and PA; functions as an address output pin.

PADDR is a write-only register. Its value cannot be read. All bits return 1 when read.
PADDR is initialized to H'00 by a reset and in hardware standby mode in modes 1, 2, 5, and 7.

It is initialized to H'80 by a reset and in hardware standby mode in modes 3, 4, and 6. In software
standby mode it retains its previous setting. If a PADDR bit is set to 1, the corresponding pin
maintains its output state in software standby mode.
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Port A Data Register (PADR)

PADR is an 8-bit readable/writable register that stores output data for pins PA; to PA,. While port
A acts as an output port, the value of this register is output. When a bit in PADDR is set to 1, if
port A is read the value of the corresponding PADR bit is returned. When a bit in PADDR is
cleared to 0, if port A is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ PA; ‘ PAg ‘ PAsg ‘ PA4 ‘ PA3 ‘ PA> ‘ PA4 ‘ PA, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port Adata7to 0
These bits store data for port A pins

PADR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.11.3

Pin Functions

Table 9.19 describes the selection of pin functions.

Table 9.19 Port A Pin Functions

Pin

Pin Functions and Selection Method

PA7/TP7/

The mode setting, ITU channel 2 settings (bit PWM2 in TMDR and bits IOB2 to IOBO in
TIOCB2/A2 TIOR2), bit NDER7 in NDERA, and bit PA;DDR in PADDR select the pin function as

follows

Mode 1,2,5,7 3,4,6

ITU

channel 2 (1) in table (2) in table below —

settings below

PA;DDR — 0 1 1 —

NDER7 — — 0 1 —

Pin function TIOCB; PA7 input PA7output | TP7output Az output
output TIOCB, input*

Note: * TIOCB; input when IOB2 = 1 and PWM2 = 0.

ITU
channel 2
settings

()

(1)

10B2

10B1

10BO
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Pin Pin Functions and Selection Method

PAes/TPes/ The mode setting, bit A21E in BRCR, bit CS4E in CSCR, ITU channel 2 settings (bit
TIOCA,/ PWM2 in TMDR and bits I0A2 to IOA0 in TIOR2), bit NDERG in NDERA, and bit
A21/CSs  PAsDDR in PADDR select the pin function as follows

Mode 1,2,5 3,4,6 7

CS4E 0 1 0 1 —

AxE — — 1 0 — —

ITU (1) in (2) in table — | (Nin (2) in table — | — | (Nin (2) in table

channel 2 | table below table below table below

settings below below below

PAsDDR — 0 1 1 — — 0 1 1 — | — — 0 1 1

NDERG6 — — 0 1 — — — 0 1 — | = — — 0 1

Pin TIOCA;| PAs | PAs | TP | CS, |TIOCA,| PAs | PAs | TPg | Az | CSy |TIOCA,| PAs | PAs | TPs

function output |input| out- | out- | out- | output |input| out- | out- | out- | out- | output |input| out- | out-

put | put | put put | put | put | put put | put

TIOCA, input” TIOCA, input” TIOCA, input”

Note: * TIOCA; input when IOA2 = 1.

ITU

channel 2 2) 1) 2) (1)

settings

PWM2 0 1

I10A2 0 1 —

10A1 0 0 1 — —

I0A0 0 1 — — —
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Pin

Pin Functions and Selection Method

PAs/TPs/
TIOCB./
A2,/CSs

The mode setting, bit A22E in BRCR, bit CS5E in CSCR, ITU channel 1 settings (bit
PWM1 in TMDR and bits IOB2 to IOBO in TIOR1), bit NDERS5 in NDERA, and bit
PAsDDR in PADDR select the pin function as follows

Mode 1,2,5 3,4,6 7

CS5E 0 1 0 1 —

AxE — — 1 0 — —

ITU (1) in (2) in table — | (Nin (2) in table — | — | (Nin (2) in table

channel 1 | table below table below table below

settings below below below

PAsDDR — 0 1 1 — — 0 1 1 — | — — 0 1 1

NDERS5 — — 0 1 — — — 0 1 — | = — — 0 1

Pin TIOCB,| PAs | PAs | TPs | CS;s |TIOCB:| PAs | PAs | TPs | A | CSs |TIOCB,| PAs | PAs | TPs

function output |input| out- | out- | out- | output |input| out- | out- | out- | out- | output |input| out- | out-

put | put | put put | put | put | put put | put

TIOCB; input” TIOCB; input” TIOCB; input”

Note: * TIOCB; input when I0B2 = 1 and PWM1 = 0.

ITU
channel 1
settings

@

0]

10B2

10B1

10BO
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Pin Pin Functions and Selection Method

PA4/TP4/ The mode setting, bit Ax3E in BRCR, bit CS6E in CSCR, ITU channel 1 settings (bit
TIOCA+/  PWM1 in TMDR and bits I0A2 to IOAO in TIOR1), bit NDER4 in NDERA, and bit
A23/CSs  PA4DDR in PADDR select the pin function as follows

Mode 1,2,5 3,4,6 7

CS6E 0 1 0 1 —

AxE — — 1 0 — —

ITU (1) in (2) in table — | (Nin (2) in table — | — | (Nin (2) in table

channel 2 | table below table below table below

settings below below below

PA,DDR| — 0 1 1 — — 0 1 1 — | — — 0 1 1

NDER4 — — 0 1 — — — 0 1 — | — — — 0 1

Pin TIOCA| PA, | PA, | TP, | CSg |TIOCA:| PA, | PA, | TP, | A | CSs |TIOCA| PA, | PA, | TP,

function output |input| out- | out- | out- | output |input| out- | out- | out- | out- | output |input| out- | out-

put | put | put put | put | put | put put | put

TIOCA, input” TIOCA, input” TIOCA, input”

Note: * TIOCA1 input when IOA2 = 1.

ITU
channel 1 2 ©) (2) (M
settings

PWM1 0 1

I10A2 0 1 —

10A1 0 0 1 — —

I0A0 0 1 — — —
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Pin Pin Functions and Selection Method
PAs/TPs/  ITU channel 0 settings (bit PWMO in TMDR and bits IOB2 to IOBO0 in TIORO), bits
TIOCBy/ TPSC2 to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PA;DDR in PADDR
TCLKD  select the pin function as follows

ITU channel 0 (1) in table (2) in table

settings below below

PA:DDR — 0 1 1

NDERS3 — — 0 1

Pin function TIOCBy output PAs input PAs output TP3 output

TIOCBy input™’
TCLKD input™
Notes: *1 TIOCBg input when |OB2 = 1 and PWMO = 0.
*2 TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of TCR4 to TCRO.

ITU channel 0

settings (2) (1) (2)

10B2 1

10B1 1 —

10B0 — —
PA2/TP2/  ITU channel 0 settings (bit PWMO0 in TMDR and bits IOA2 to IOAO0 in TIORO), bits
TIOCAy/ TPSC2 to TPSCO in TCR4 to TCRO, bit NDER2 in NDERA, and bit PA;DDR in PADDR
TCLKC  select the pin function as follows

ITU channel 0 (1) in table (2) in table

settings below below

PA,DDR — 0 1 1
NDER2 — — 0 1

Pin function TIOCA, output PA; input PA: output TP2 output

TIOCA, input™’

TCLKC input™

Notes: *1 TIOCAq input when IOA2 = 1.

*2 TCLKC input when TPSC2 = TPSC1 =1 and TPSCO = 0 in any of TCR4 to
TCRO.

ITU channel 0
settings

)

(1)

)

(M

PWMO

I0A2

I0A1

I0AQ
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Pin Pin Functions and Selection Method
PA+1/TP14/ DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and DTCR1B),
TCLKB/  bit NDER1 in NDERA, and bit PA1DDR in PADDR select the pin function as follows
TEND:  Ipyac (1) in table (2) in table

channel 1 below below

settings

PA,;DDR — 0 1 1

NDER1 — — 0 1

Pin function TEND1 output PA1 input PA1 output TP+ output

TCLKB input*
Note: * TCLKB input when MDF = 1 in TMDR, or when TPSC2 =1, TPSC1 =0, and
TPSCO = 1 in any of TCR4 to TCRO.

DMAC

channel 1 ) (1) ) (1 (2) (1

settings

DTS2A, Not both 1 Both 1

DTS1A

DTSO0A — 0 1 1

DTS2B 0 1 1 0 1 1

DTS1B — 0 1 — — — 0 1
PAo/TPo/ DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in DTCROA and DTCROB),
TCLKA/  bit NDERO in NDERA, and bit PAcDDR in PADDR select the pin function as follows
TENDo  pyac (1) in table (2) in table

channel 0 below below

settings

PA.DDR — 0 1 1

NDERO — — 0 1

Pin function TEND, output PAo input PAo output TPo output

TCLKA input®
Note: * TCLKA input when MDF = 1 in TMDR, or when TPSC2 = 1 and TPSC1 =0 in
any of TCR4 to TCRO.

DMAC

channel 0 ) (1) ) (1 (2) (1

settings

DTS2A, Not both 1 Both 1

DTS1A

DTSO0A — 0 1 1

DTS2B 0 1 1 0 1 1

DTS1B — 0 1 — — — 0 1
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9.12 Port B

9.12.1 Overview

Port B is an 8-bit input/output port that is also used for output (TP;5 to TPg) from the
programmable timing pattern controller (TPC), input/output (TIOCB,, TIOCB;, TIOCA,,
TIOCA;) and output (TOCXB,4, TOCXA,) by the 16-bit integrated timer unit (ITU), input
(DREQ;, DREQy) to the DMA controller (DMAC), ADTRG input to the A/D converter, and CS,
output. A reset or hardware standby leaves port B as an input port. For selecting the pin function,
see table 9.21. Usage of pins for TPC, ITU, DMAC, and A/D converter input and output is
described in the sections on those modules. For output of CS; in modes 1 to 6, see section 6.3.2,
Chip Select Signals. Pins not assigned to any of these functions are available for generic
input/output. Figure 9.11 shows the pin configuration of port B.

Pins in port B can drive one TTL load and a 30-pF capacitive load. They can also drive an LED or
darlington transistor pair. Pins PB; to PB( have Schmitt-trigger inputs.
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Port B

Port B pins

PB,/TP,5/DREQ/ADTRG
PBg/TP14/DREQ,/CS;
PB5/TP43/TOCXB,
PB,4/TP1,/TOCXA,
PB3/TP4/TIOCB,
PB,/TP4o/TIOCA,
PB4/TPg/TIOCB3
PBo/TPg/TIOCA;

Pin functions in modes 1 to 6

PB- (input/output)/TP 5 (output)/DREQ/ (input)/ADTRG (input)
PBg (input/output)/TP4 (output)/DREQq (input)/CS; (output)
PB5 (input/output)/TP43 (output)/ TOCXB4 (output)

/TP45 (output)/ TOCXA, (output)

/TP44 (output)/TIOCBy (input/output)

PB, (input/output)/TP4q (output)/ TIOCA4 (input/output)

PB4 (input/output)/TPg (output)/TIOCB3 (input/output)

PBg (input/output)/TPg (output)/TIOCA3 (input/output)

PB4 (input/output

)
)
)
)
PB3 (input/output)
)
)
)

Pin functions in mode 7

PB> (input/output)/TP 5 (output)/DREQ/ (input)/ADTRG (input)
PBg (input/output)/TP 4 (output)/DREQy (input)

PBs (input/output)/TP3 (output)/TOCXB, (output)

PB4 (input/output)/TP, (output)/TOCXA, (output)

PBj3 (input/output)/TP44 (output)/TIOCB,4 (input/output)

PB, (input/output)/TPq (output)/TIOCA, (input/output)

PB4 (input/output)/TPg (output)/TIOCB3 (input/output)

PBy (input/output)/TPg (output)/TIOCAg (input/output)

Figure 9.11 Port B Pin Configuration
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9.12.2  Register Descriptions
Table 9.20 summarizes the registers of port B.

Table 9.20 Port B Registers

Address™ Name Abbreviation R/W Initial Value
H'FFD4 Port B data direction register PBDDR w H'00
H'FFD6 Port B data register PBDR R/W H'00

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

PBDDR is an 8-bit write-only register that can select input or output for each pin in port B. When
pins are used for TPC output, the corresponding PBDDR bits must also be set.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ PB6DDR‘ PBs DDR‘ PB4DDR‘ PB3DDR‘P82DDR‘ PB4 DDR‘PBODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W W w W W W W w

Port B data direction 7 to 0
These bits select input or output for port B pins

While port B acts as an I/O port, a pin in port B becomes an output pin if the corresponding
PBDDR bit is set to 1, and an input pin if this bit is cleared to 0.

PBDDR is a write-only register. Its value cannot be read. All bits return 1 when read.

PBDDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a PBDDR bit is set to 1 while port B acts as an I/O port, the
corresponding pin maintains its output state in software standby mode.
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Port B Data Register (PBDR)

PBDR is an 8-bit readable/writable register that stores output data for pins PB7 to PB0. While port
B acts as an output port, the value of this register is output. When a bit in PBDDR is set to 1, if
port B is read the value of the corresponding PBDR bit is returned. When a bit in PBDDR is
cleared to 0, if port B is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ PB; ‘ PBg ‘ PBsg ‘ PB4 ‘ PB3 ‘ PB»> ‘ PB4 ‘ PBy ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port B data 7 to 0
These bits store data for port B pins

PBDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.12.3  Pin Functions
Table 9.21 describes the selection of pin functions.

Table 9.21 Port B Pin Functions

Pin Pin Functions and Selection Method

PB;/TP15/ DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and DTCR1B),
DREQ1/ bit TRGE in ADCR, bit NDER15 in NDERB, and bit PB;DDR in PBDDR select the pin
ADTRG function as follows

PB;DDR 0 1 1
NDER15 — 0 1
Pin function PB7 input PB7 output TP1s5 output
DREQ; input*'
ADTRG input™

Notes: *1 DREQq input under DMAC channel 1 settings (1) in the table below.
*2 ADTRG input when TRGE = 1.

DMAC

channel (2) (1) (2) (1) (2) W)
1 settings

DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 0 1 1 1
DTS2B 0 1 1 0 1 0 1 1
DTS1B — 0 1 — — — 0 1
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Pin Pin Functions and Selection Method

PBs/TP14/  Bit CS7E in CSCR, DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in
DREQo/ DTCROA and DTCROB), bit NDER14 in NDERB, and bit PBsDDR in PBDDR select the
CSy pin function as follows

PBsDDR 0 1 1 —

CS7E 0 0 0 1

NDER14 — 0 1 —

Pin function PBs input PBs output TP14 output —
DREQo input® CS; output

Note: * DREQo input under DMAC channel 0 settings (1) in the table below.

DMAC

channel 0 (2) ()] (2) ()] (2) (1)

settings

DTS2A, DTS1A Not both 1 Both 1

DTSO0A — 0 0 1 1 1

DTS2B 0 1 1 0 1 0 1 1

DTS1B — 0 1 — — — 0 1

PBs/TP13/  ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDER13 in
TOCXB4 NDERB, and bit PBsDDR in PBDDR select the pin function as follows

EXB4, CMD1 Not both 1 Both 1
PBsDDR 0 1 1 —
NDER13 — 0 1 —

Pin function PBs input PBs output TP43 output | TOCXB4 output

PB4/TP12/  ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDER12 in
TOCXA4 NDERB, and bit PBsDDR in PBDDR select the pin function as follows

EXA4, CMD1 Not both 1 Both 1
PB4+DDR 0 1 1 —
NDER12 — 0 1 —

Pin function PB4 input PB4 output TP+2 output | TOCXA4 output
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Pin Pin Functions and Selection Method

PB3/TP11/ ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in TOER, and
TIOCB4 bits IOB2 to IOBO0 in TIOR4), bit NDER11 in NDERB, and bit PB3DDR in PBDDR
select the pin function as follows

ITU channel 4 (1) in table (2) in table

settings below below

PB3:DDR — 0 1 1

NDER11 — — 0 1

Pin function TIOCB4 output PBs input PBs output TP11 output
TIOCB, input®

Note: * TIOCB,4 input when CMD1 = PWM4 = 0 and I0B2 = 1.

ITU channel 4

settings (2) (2) (1) 2) (1)
EB4 0 1

CMD1 — 0 1
10B2 — 0 0 0 1 —
10B1 — 0 0 1 — —
10B0O — 0 1 — — —

PB2/TP1o/ ITU channel 4 settings (bit CMD1 in TFCR, bit EA4 in TOER, bit PWM4 in TMDR, and
TIOCA, bits IOA2 to IOAOQ in TIOR4), bit NDER10 in NDERB, and bit PB,DDR in PBDDR
select the pin function as follows

ITU channel 4 (1) in table (2) in table

settings below below

PB2DDR — 0 1 1

NDER10 — — 0 1

Pin function TIOCA4 output PB: input PB; output TP1o output
TIOCA, input™

Note: * TIOCA4 input when CMD1 = PWM4 = 0 and I0A2 = 1.

ITU channel 4
settings (2) (2) (1 2) (1)

EA4 0 1

CMD1 — 0 1

PWM4 — 0 1 —

I0A2 — 0 0 0 1 — —

I0A1 — 0 0 1 — — —

IOAQ — 0 1 — — — —
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Pin Pin Functions and Selection Method
PB+1/TPy/  ITU channel 3 settings (bit PWM3 in TMDR, bit CMD1 in TFCR, bit EB3 in TOER, and
TIOCB3 bits IOB2 to IOBO0 in TIORS3), bit NDER9 in NDERB, and bit PB1DDR in PBDDR select
the pin function as follows
ITU channel 3 (1) in table (2) in table
settings below below
PB+1DDR — 0 1 1
NDER9 — — 0 1
Pin function TIOCB3 output PB4 input PB4 output TPy output
TIOCB; input®
Note: * TIOCB; input when CMD1 = PWM3 =0 and I0OB2 = 1.
ITU channel 3
settings (2) 2 ) 2) (1)
EB3 0 1
CMD1 — 0 1
10B2 — 0 1 —
10B1 — — —
10B0 — — — —
PBo/TPs/  ITU channel 3 settings (bit CMD1 in TFCR, bit EA3 in TOER, bit PWM3 in TMDR, and
TIOCA3 bits IOA2 to IOAO0 in TIORS3), bit NDERS8 in NDERB, and bit PBoDDR in PBDDR select

the pin function as follows

ITU channel 3 (1) in table (2) in table

settings below below

PBoDDR — 0 1 1

NDERS8 — — 0 1

Pin function TIOCA; output PBo input PBy output TPs output
TIOCA; input™

Note: * TIOCA3; input when CMD1 = PWM3 = 0 and I0A2 = 1.

ITU channel 3
settings

) ) (1) (2) (1)

EA3

0 1

CMD1

PWM3

I0A2

I0A1

IOAQ
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10.1

Section 10 16-Bit Integrated Timer Unit (ITU)

Overview

The H8/3048B Series has a built-in 16-bit integrated timer unit (ITU) with five 16-bit timer
channels.

When the ITU is not used, it can be independently halted to conserve power. For details see
section 20.6, Module Standby Function.

10.1.1

Features

ITU features are listed below.

¢ Capability to process up to 12 pulse outputs or 10 pulse inputs

e Ten general registers (GRs, two per channel) with independently-assignable output compare or
input capture functions

¢ Selection of eight counter clock sources for each channel:
Internal clocks: @ @2, ¢/4, ¢/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD

» Five operating modes selectable in all channels:

O

Waveform output by compare match

Selection of 0 output, 1 output, or toggle output (only 0 or 1 output in channel 2)
Input capture function

Rising edge, falling edge, or both edges (selectable)

Counter clearing function

Counters can be cleared by compare match or input capture

Synchronization

Two or more timer counters (TCNTs) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
five-phase PWM output is possible

* Phase counting mode selectable in channel 2

Two-phase encoder output can be counted automatically.
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¢ Three additional modes selectable in channels 3 and 4
[0 Reset-synchronized PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
complementary waveforms.

[0 Complementary PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
non-overlapping complementary waveforms.

U Buffering

Input capture registers can be double-buffered. Output compare registers can be updated
automatically.

* High-speed access via internal 16-bit bus

The 16-bit timer counters, general registers, and buffer registers can be accessed at high speed
via a 16-bit bus.

¢ Fifteen interrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.

e Activation of DMA controller (DMAC)

Four of the compare match/input capture interrupts from channels 0 to 3 can start the DMAC.
e Output triggering of programmable timing pattern controller (TPC)

Compare match/input capture signals from channels 0 to 3 can be used as TPC output triggers.
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Table 10.1 summarizes the ITU functions.

Table 10.1 ITU Functions

Item

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Clock sources

Internal clocks: @, @2, @4, @8

External clocks: TCLKA, TCLKB, TCLKC, TCLKD,

selectable independently

General registers GRAO, GRBO GRA1,GRB1 GRA2,GRB2 GRA3, GRB3 GRA4, GRB4

(output compare/input

capture registers)

Buffer registers — — — BRA3, BRB3 BRA4, BRB4

Input/output pins TIOCA,, TIOCA,, TIOCA, TIOCAs;, TIOCA,,
TIOCBy TIOCB; TIOCB; TIOCB3 TIOCBs4

Output pins — — — — TOCXA,,

TOCXB,

Counter clearing function GRAO/GRBO  GRA1/GRB1 GRA2/GRB2 GRA3/GRB3  GRA4/GRB4
compare compare compare compare compare
match or match or match or match or match or

input capture

input capture

input capture

input capture

input capture

Compare match 0

O

o

O

o

output 1 o o o o o
Toggle ©O o] — o] o]
Input capture function 0 0 0 0 0
Synchronization o] o] o] o] o]
PWM mode o) 0 o) o) o)
Reset-synchronized — — — o] o]
PWM mode
Complementary PWM — — — o) 0
mode
Phase counting mode — — o) — —
Buffering — — — o) 0
DMAC activation GRAO compare GRA1 compare GRA2 compare GRA3 compare —
match or input match or input match or input match or input
capture capture capture capture

Interrupt sources

Three sources

« Compare
match/input
capture AO

* Compare
match/input
capture BO

¢ Overflow

Three sources

¢ Compare
match/input
capture A1

* Compare
match/input
capture B1

« Overflow

Three sources

« Compare
match/input
capture A2

« Compare
match/input
capture B2

¢ Overflow

Three sources

« Compare
match/input
capture A3

* Compare
match/input
capture B3

« Overflow

Three sources

« Compare
match/input
capture A4

« Compare
match/input
capture B4

« Overflow

Legend
0: Available
—: Not available
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10.1.2

Block Diagrams

ITU Block Diagram (Overall): Figure 10.1 is a block diagram of the ITU.

TCLKA to TCLKD IMIAO to IMIA4
— Clock selector | > IMIBO to IMIB4
® @2, g4, /8 > OVI0 to OVI4
TOCXA4, TOCXB, < Control logic
TIOCAg to TIOCA;
TIOCB, to TIOCB,4
<] TOER K>
<t ™ N ~ o
3| || |T||T||T <] TOCR K>
c c c c c
55| |5||5||8
s||5]|5]]|6]]6] | —LTSRI
el[El|El|El]|8 < T1sne ko
2 153||5||5]|5 1 T™MDR K
olle]|e]|¢e]|¢
<] TFCR K
Module data bus
Legend
TOER: Timer output master enable register (8 bits)

TOCR:
TSTR:
TSNC:
TMDR:
TFCR:

Timer output control register (8 bits)
Timer start register (8 bits)

Timer synchro register (8 bits)

Timer mode register (8 bits)

Timer function control register (8 bits)

Bus interface

Internal data bus

Figure 10.1 ITU Block Diagram (Overall)
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Block Diagram of Channels 0 and 1: ITU channels 0 and 1 are functionally identical. Both have
the structure shown in figure 10.2.

TCLKA to TCLKD > = TIOCAq
Clock selector < TIOCBy
O @2, @4, @8 ,
Control logic
— IMIAO
Comparator — IMIBO
— OVIO
E ) ¥ | x
5 x| | & 5o w %
= ©) ©) = = o [

Module data bus

Legend

TCNT: Timer counter (16 bits)
GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits x 2)
TCR: Timer control register (8 bits)

TIOR: Timer 1/O control register (8 bits)
TIER: Timer interrupt enable register (8 bits)
TSR: Timer status register (8 bits)

Figure 10.2 Block Diagram of Channels 0 and 1 (for Channel 0)
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Block Diagram of Channel 2: Figure 10.3 is a block diagram of channel 2. This is the channel
that provides only 0 output and 1 output.

TCLKA to TCLKD > == TIOCA,
Clock selector == TIOCB,
0 @2, g4 @8 > _
Control logic . IMIA2
Comparator — IMIB2
— QVI2
N N o N o N ~
E 14 14
5 x| | & 5 Of | W &
Module data bus
Legend
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)
(16 bits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)
TIER2: Timer interrupt enable register 2 (8 bits)
TSR2: Timer status register 2 (8 bits)

Figure 10.3 Block Diagram of Channel 2
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Block Diagrams of Channels 3 and 4: Figure 10.4 is a block diagram of channel 3. Figure 10.5 is
a block diagram of channel 4.

TCLKD = TIOCBj3
0, @2 Clock selector
ot g8 — | Control logic
— IMIA3
Comparator o~ MIB3
— OVI3
™
= ™ ™ ™ 2] ™ 2 &) ™
= IEIE] B8] ||| 8| & |2
= m O m O — = — —
Module data bus
Legend
TCNT3: Timer counter 3 (16 bits)
GRA3, GRB3: General registers A3 and B3 (input capture/output compare registers)
(16 bits x 2)
BRAS3, BRB3: Buffer registers A3 and B3 (input capture/output compare buffer registers)
(16 bits x 2)
TCR3: Timer control register 3 (8 bits)
TIORS3: Timer 1/O control register 3 (8 bits)
TIERS: Timer interrupt enable register 3 (8 bits)
TSRS3: Timer status register 3 (8 bits)

Figure 10.4 Block Diagram of Channel 3
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TCLKD — TOCXB4
Clock selector
0 92, ) == TIOCA4
@4, ¢/8 Control logic = TIOCB,
—= IMIA4
Comparator IMIB4
[N AR
<
fhal < < < < < E § <
= I 2FO(E] | BF{ 2] | B (8| ||| &
= m o m o [ = = —
Module data bus
Legend
TCNT4: Timer counter 4 (16 bits)
GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers)
(16 bits x 2)
BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer registers)
(16 bits x 2)
TCRA4: Timer control register 4 (8 bits)
TIORA4: Timer 1/O control register 4 (8 bits)
TIER4: Timer interrupt enable register 4 (8 bits)
TSR4: Timer status register 4 (8 bits)

Figure 10.5 Block Diagram of Channel 4
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10.1.3

Input/Output Pins

Table 10.2 summarizes the ITU pins.

Table 10.2 ITU Pins

Abbre- Input/
Channel Name viation  Output Function
Common Clock input A TCLKA  Input External clock A input pin
(phase-A input pin in phase counting mode)
Clock input B TCLKB  Input External clock B input pin
(phase-B input pin in phase counting mode)
Clock input C TCLKC  Input External clock C input pin
Clock input D TCLKD  Input External clock D input pin
0 Input capture/output  TIOCA,  Input/ GRAO output compare or input capture pin
compare AO output  PWM output pin in PWM mode
Input capture/output  TIOCBo  Input/ GRBO output compare or input capture pin
compare BO output
1 Input capture/output TIOCA1  Input/ GRA1 output compare or input capture pin
compare A1 output  PWM output pin in PWM mode
Input capture/output  TIOCB4  Input/ GRB1 output compare or input capture pin
compare B1 output
2 Input capture/output  TIOCA;  Input/ GRA2 output compare or input capture pin
compare A2 output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRB2 output compare or input capture pin
compare B2 output
3 Input capture/output  TIOCA;  Input/ GRAS3 output compare or input capture pin
compare A3 output  PWM output pin in PWM mode,
complementary PWM mode, or reset-
synchronized PWM mode
Input capture/output  TIOCB3;  Input/ GRB3 output compare or input capture pin
compare B3 output  PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
4 Input capture/output  TIOCA;  Input/ GRAA4 output compare or input capture pin
compare A4 output  PWM output pin in PWM mode,
complementary PWM mode, or reset-
synchronized PWM mode
Input capture/output  TIOCBs  Input/ GRB4 output compare or input capture pin
compare B4 output  PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
Output compare XA4 TOCXAs; Output PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
Output compare XB4 TOCXBs; Output PWM output pin in complementary PWM

mode or reset-synchronized PWM mode
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10.1.4  Register Configuration

Table 10.3 summarizes the ITU registers.

Table 10.3 ITU Registers

Abbre- Initial
Channel Address™ Name viation R/W Value
Common  H'FF60 Timer start register TSTR R/W H'EO
H'FF61 Timer synchro register TSNC R/W H'EO
H'FF62 Timer mode register TMDR R/W H'80
H'FF63 Timer function control register TFCR R/W H'CO
H'FF90 Timer output master enable register TOER R/W H'FF
H'FF91 Timer output control register TOCR R/W H'FF
0 H'FF64 Timer control register 0 TCRO R/W H'80
H'FF65 Timer 1/O control register 0 TIORO R/W H'88
H'FF66 Timer interrupt enable register 0 TIERO R/W H'F8
H'FF67 Timer status register 0 TSRO R/(W)"‘2 H'F8
H'FF68 Timer counter 0 (high) TCNTOH RW H'00
H'FF69 Timer counter 0 (low) TCNTOL RW H'00
H'FFB6A General register AO (high) GRAOH R/W H'FF
H'FF6B General register AO (low) GRAOL R/W H'FF
H'FF6C General register BO (high) GRBOH R/W H'FF
H'FF6D General register BO (low) GRBOL R/W H'FF
1 H'FFG6E Timer control register 1 TCR1 R/W H'80
H'FF6F Timer 1/O control register 1 TIOR1 R/W H'88
H'FF70 Timer interrupt enable register 1 TIER1 R/W H'F8
H'FF71 Timer status register 1 TSR1 R/(W)*2 H'F8
H'FF72 Timer counter 1 (high) TCNT1H R/W H'00
H'FF73 Timer counter 1 (low) TCNT1L RW H'00
H'FF74 General register A1 (high) GRA1H R/W H'FF
H'FF75 General register A1 (low) GRA1L R/W H'FF
H'FF76 General register B1 (high) GRB1H R/W H'FF
H'FF77 General register B1 (low) GRB1L R/W H'FF
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Abbre- Initial

Channel Address* Name viation R/W Value

2 H'FF78 Timer control register 2 TCR2 R/W H'80
H'FF79 Timer 1/O control register 2 TIOR2 R/W H'88
H'FF7A Timer interrupt enable register 2 TIER2 R/W H'F8
H'FF7B Timer status register 2 TSR2 R/(W)*2 H'F8
H'FF7C Timer counter 2 (high) TCNT2H R/W H'00
H'FF7D Timer counter 2 (low) TCNT2L RW H'00
H'FF7E General register A2 (high) GRA2H R/W H'FF
H'FF7F General register A2 (low) GRA2L R/W H'FF
H'FF80 General register B2 (high) GRB2H R/W H'FF
H'FF81 General register B2 (low) GRB2L R/W H'FF

3 H'FF82 Timer control register 3 TCR3 R/W H'80
H'FF83 Timer 1/O control register 3 TIOR3 R/W H'88
H'FF84 Timer interrupt enable register 3 TIER3 R/W H'F8
H'FF85 Timer status register 3 TSR3 R/(W)"‘2 H'F8
H'FF86 Timer counter 3 (high) TCNT3H RW H'00
H'FF87 Timer counter 3 (low) TCNT3L RW H'00
H'FF88 General register A3 (high) GRA3H R/W H'FF
H'FF89 General register A3 (low) GRA3L R/W H'FF
H'FF8A General register B3 (high) GRB3H R/W H'FF
H'FF8B General register B3 (low) GRB3L R/W H'FF
H'FF8C Buffer register A3 (high) BRA3H R/W H'FF
H'FF8D Buffer register A3 (low) BRA3L R/W H'FF
H'FF8E Buffer register B3 (high) BRB3H R/W H'FF
H'FF8F Buffer register B3 (low) BRB3L R/W H'FF
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Abbre- Initial
Channel Address* Name viation R/W Value
4 H'FF92 Timer control register 4 TCR4 R/W H'80
H'FF93 Timer 1/O control register 4 TIOR4 R/W H'88
H'FF94 Timer interrupt enable register 4 TIER4 R/W H'F8
H'FF95 Timer status register 4 TSR4 R/(W)*2 H'F8
H'FF96 Timer counter 4 (high) TCNT4H R/W H'00
H'FF97 Timer counter 4 (low) TCNT4L RW H'00
H'FF98 General register A4 (high) GRA4H R/W H'FF
H'FF99 General register A4 (low) GRA4L R/W H'FF
H'FF9A General register B4 (high) GRB4H R/W H'FF
H'FFOB General register B4 (low) GRB4L R/W H'FF
H'FF9C Buffer register A4 (high) BRA4H R/W H'FF
H'FF9D Buffer register A4 (low) BRA4L R/W H'FF
H'FF9E Buffer register B4 (high) BRB4H R/W H'FF
H'FFOF Buffer register B4 (low) BRB4L R/W H'FF

Notes: *1 Lower 16 bits of the address.

*2 Only 0 can be written, to clear flags.

Rev. 2.0, 02/03, page 320 of 860

RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

10.2  Register Descriptions

10.2.1  Timer Start Register (TSTR)

TSTR is an §-bit readable/writable register that starts and stops the timer counter (TCNT) in
channels 0 to 4.

Bit 7 6 5 4 3 2 1 0
a a O ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write a O 0 R/W R/W R/W R/W R/W
Reserved bits Counter start 4to 0
These bits start and
stop TCNT4 to TCNTO

TSTR is initialized to H'EO by a reset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, always read as 1.

Bit 4—Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4).

Bit 4: STR4 Description
0 TCNT4 is halted (Initial value)
1 TCNT4 is counting

Bit 3—Counter Start 3 (STR3): Starts and stops timer counter 3 (TCNT3).

Bit 3: STR3 Description
0 TCNT3 is halted (Initial value)
1 TCNT3 is counting

Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (TCNT?2).

Bit 2: STR2 Description
0 TCNT2 is halted (Initial value)
1 TCNT2 is counting
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Bit 1—Counter Start 1 (STR1): Starts and stops timer counter 1 (TCNT1).

Bit 1: STR1 Description

0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO): Starts and stops timer counter 0 (TCNTO).

Bit 0: STRO Description

0 TCNTO is halted (Initial value)
1 TCNTO is counting

10.2.2  Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 4 operate
independently or synchronously. Channels are synchronized by setting the corresponding bits to 1.

Bit 7 6 5 4 3 2 1 0
O ‘ O ad ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNCA1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write O O ad R/W R/W R/W R/W R/W
Reserved bits Timer sync 4 to 0

These bits synchronize

channels 4 to 0

TSNC is initialized to H'EO by a reset and in standby mode.

Bits 7 to 5—Reserved: Read-only bits, always read as 1.

Bit 4—Timer Sync 4 (SYNC4): Selects whether channel 4 operates independently or

synchronously.

Bit 4: SYNC4 Description

0 Channel 4’s timer counter (TCNT4) operates independently (Initial value)
TCNT4 is preset and cleared independently of other channels

1 Channel 4 operates synchronously

TCNT4 can be synchronously preset and cleared
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Bit 3—Timer Sync 3 (SYNC3): Selects whether channel 3 operates independently or

synchronously.
Bit 3: SYNC3 Description
0 Channel 3’s timer counter (TCNT3) operates independently (Initial value)

TCNT3 is preset and cleared independently of other channels

Channel 3 operates synchronously

TCNT3 can be synchronously preset and cleared

Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or

synchronously.
Bit 2: SYNC2 Description
0 Channel 2’s timer counter (TCNT2) operates independently (Initial value)

TCNT2 is preset and cleared independently of other channels

Channel 2 operates synchronously
TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or

synchronously.
Bit 1: SYNC1 Description
0 Channel 1’s timer counter (TCNT1) operates independently (Initial value)

TCNT1 is preset and cleared independently of other channels

Channel 1 operates synchronously
TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO0): Selects whether channel 0 operates independently or

synchronously.
Bit 0: Bit 0 Description
0 Channel 0’s timer counter (TCNTO) operates independently (Initial value)

TCNTO is preset and cleared independently of other channels

Channel 0 operates synchronously

TCNTO can be synchronously preset and cleared
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10.2.3  Timer Mode Register (TMDR)

TMDR is an 8-bit readable/writable register that selects PWM mode for channels 0 to 4. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0
O ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO

Initial value 1 0 0 0 0 0 0 0

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

PWM mode 4 to 0
These bits select PWM
mode for channels 4 to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in timer status register 2 (TSR2)

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDR is initialized to H'80 by a reset and in standby mode.
Bit 7—Reserved: Read-only bit, always read as 1.

Bit 6—Phase Counting Mode Flag (MDF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6: MDF Description
0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode
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When MDF is set to 1 to select phase counting mode, TCNT2 operates as an up/down-counter and
pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts both rising and falling
edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction Down-Counting Up-Counting
TCLKA pin 1 High ! Low 1 Low | High
TCLKB pin Low N High ! High | Low |

In phase counting mode channel 2 operates as above regardless of the external clock edges
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO in
TCR2. Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bits in TCR2 and the compare
match/input capture settings and interrupt functions of TIOR2, TIER2, and TSR2 remain effective
in phase counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TSR2. The
FDIR designation is valid in all modes in channel 2.

Bit 5: FDIR Description
0 OVF is set to 1 in TSR2 when TCNT2 overflows or underflows  (Initial value)
1 OVF is set to 1 in TSR2 when TCNT2 overflows

Bit 4—PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode.

Bit 4: PWM4 Description
0 Channel 4 operates normally (Initial value)
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goes to 1 at compare match with GRA4, and to 0 at compare match with GRB4.

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDO in TFCR, the CMD1 and CMDO setting takes precedence and the PWM4 setting is
ignored.
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Bit 3—PWM Mode 3 (PWM3): Selects whether channel 3 operates normally or in PWM mode.

Bit 3: PWM3 Description
0 Channel 3 operates normally (Initial value)
1 Channel 3 operates in PWM mode

When bit PWM3 is set to 1 to select PWM mode, pin TIOCA; becomes a PWM output pin. The
output goes to 1 at compare match with GRA3, and to 0 at compare match with GRB3.

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDO in TFCR, the CMD1 and CMDO setting takes precedence and the PWM3 setting is
ignored.

Bit 2—PWM Mode 2 (PWM2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2: PWM2 Description
0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goes to 1 at compare match with GRA2, and to 0 at compare match with GRB2.

Bit 1—PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1: PWM1 Description
0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWMI is set to 1 to select PWM mode, pin TIOCA;| becomes a PWM output pin. The
output goes to 1 at compare match with GRA1, and to 0 at compare match with GRB1.

Bit 0—PWM Mode 0 (PWMO): Selects whether channel 0 operates normally or in PWM mode.

Bit 0: PWMO Description
0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goes to 1 at compare match with GRAO, and to 0 at compare match with GRBO.
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10.2.4  Timer Function Control Register (TFCR)

TFCR is an 8-bit readable/writable register that selects complementary PWM mode, reset-
synchronized PWM mode, and buffering for channels 3 and 4.

Bit 7 6 5 4 3 2 1 0

O ‘ ad ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write O ad R/W R/W R/W R/W R/W R/W

Reserved bits

Combination mode 1/0

These bits select complementary
PWM mode or reset-synchronized
PWM mode for channels 3 and 4

Buffer mode B4 and A4
These bits select buffering of
general registers (GRB4 and
GRAA4) by buffer registers
(BRB4 and BRA4) in channel 4

Buffer mode B3 and A3
These bits select buffering
of general registers (GRB3
and GRA3) by buffer
registers (BRB3 and BRA3)
in channel 3

TFCR is initialized to H'CO by a reset and in standby mode.

Bits 7 and 6—Reserved: Read-only bits, always read as 1.

Bits 5 and 4—Combination Mode 1 and 0 (CMD1, CMDO0): These bits select whether channels
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode.

Bit 5: CMD1 Bit 4: CMDO Description

0 0 Channels 3 and 4 operate normally (Initial value)
1

1 0 Channels 3 and 4 operate together in complementary

PWM mode

Channels 3 and 4 operate together in reset-synchronized
PWM mode
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Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer
counter or counters that will be used in these modes.

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of
complementary PWM mode or reset-synchronized PWM mode and settings of timer sync bits
SYNC4 and SYNC3 in TSNC are valid simultaneously, however, when complementary PWM
mode is selected, channels 3 and 4 must not be synchronized (do not set bits SYNC3 and SYNC4
both to 1 in TSNC).

Bit 3—Buffer Mode B4 (BFB4): Sclects whether GRB4 operates normally in channel 4, or
whether GRB4 is buffered by BRB4.

Bit 3: BFB4 Description
0 GRB4 operates normally (Initial value)
1 GRB4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or
whether GRA4 is buffered by BRA4.

Bit 2: BFA4 Description
0 GRA4 operates normally (Initial value)
1 GRA4 is buffered by BRA4

Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel 3, or
whether GRB3 is buffered by BRB3.

Bit 1: BFB3 Description
0 GRB3 operates normally (Initial value)
1 GRB3 is buffered by BRB3

Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channel 3, or
whether GRA3 is buffered by BRA3.

Bit 0: BFA3 Description
0 GRA3 operates normally (Initial value)
1 GRAZ3 is buffered by BRA3
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10.2.5 Timer Output Master Enable Register (TOER)

TOER is an 8-bit readable/writable register that enables or disables output settings for channels 3

and 4.

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0

O ‘ O ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
1 1 1 1 1 1 1 1

O O R/W R/W R/W R/W R/W R/W

Reserved bits

Master enable TOCXA4, TOCXB4
These bits enable or disable output
settings for pins TOCXA4 and TOCXBy4

Master enable TIOCA3, TIOCB3 , TIOCA4, TIOCB4
These bits enable or disable output settings for pins
TIOCAg, TIOCBj3, TIOCA4, and TIOCB,

TOER is initialized to H'FF by a reset and in standby mode.

Bits 7 and 6—Reserved: Read-only bits, always read as 1.

Bit 5—Master Enable TOCXB4 (EXB4): Enables or disables ITU output at pin TOCXB,.

Bit 5: EXB4

Description

0

TOCXB;4 output is disabled regardless of TFCR settings (TOCXB4 operates as
a generic input/output pin).
If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in channel 1.

TOCXBs is enabled for output according to TFCR settings (Initial value)

Bit 4—Master Enable TOCXA4 (EXA4): Enables or disables ITU output at pin TOCXA,.

Bit 4: EXA4

Description

0

TOCXA4 output is disabled regardless of TFCR settings (TOCXA4 operates as
a generic input/output pin).
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1.

TOCXA4 is enabled for output according to TFCR settings (Initial value)
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Bit 3—Master Enable TIOCB3 (EB3): Enables or disables ITU output at pin TIOCB;.

Bit 3: EB3

Description

0

TIOCB; output is disabled regardless of TIOR3 and TFCR settings (TIOCB3
operates as a generic input/output pin).

If XTGD = 0, EB3 is cleared to 0 when input capture A occurs in channel 1.

TIOCB; is enabled for output according to TIOR3 and TFCR settings
(Initial value)

Bit 2—Master Enable TIOCB4 (EB4): Enables or disables ITU output at pin TIOCB,.

Bit 2: EB4

Description

0

TIOCB4 output is disabled regardless of TIOR4 and TFCR settings (TIOCB4
operates as a generic input/output pin).

If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in channel 1.

TIOCB4 is enabled for output according to TIOR4 and TFCR settings
(Initial value)

Bit 1—Master Enable TIOCA4 (EA4): Enables or disables ITU output at pin TIOCA,.

Bit 1: EA4

Description

0

TIOCA4 output is disabled regardless of TIOR4, TMDR, and TFCR settings
(TIOCA4 operates as a generic input/output pin).

If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1.

TIOCA4 is enabled for output according to TIOR4, TMDR, and TFCR settings
(Initial value)

Bit 0—Master Enable TIOCA3 (EA3): Enables or disables ITU output at pin TIOCA;.

Bit 0: EA3

Description

0

TIOCA; output is disabled regardless of TIOR3, TMDR, and TFCR settings
(TIOCA; operates as a generic input/output pin).

If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1.

TIOCA; is enabled for output according to TIOR3, TMDR, and TFCR settings
(Initial value)
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10.2.6  Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels.

Bit 7 6 5 4 3 2 1 0
e o | xted | O 0 | oss | oss |

Initial value 1 1 1 1 1 1 1 1

Read/Write O O O R/W O O R/W R/W
Reserved bits Output level select 3, 4

These bits select output
levels in complementary
PWM mode and reset-
synchronized PWM mode

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized
PWM mode

The settings of the XTGD, OLS4, and OLS3 bits are valid only in complementary PWM mode
and reset-synchronized PWM mode. These settings do not affect other modes.

TOCR is initialized to H'FF by a reset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, always read as 1.

Bit 4—External Trigger Disable (XTGD): Selects externally triggered disabling of ITU output
in complementary PWM mode and reset-synchronized PWM mode.

Bit 4: XTGD Description

0 Input capture A in channel 1 is used as an external trigger signal in
complementary PWM mode and reset-synchronized PWM mode.

When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling
ITU output.

1 External triggering is disabled (Initial value)

Bits 3 and 2—Reserved: Read-only bits, always read as 1.
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Bit 1—Output Level Select 4 (OLS4): Selects output levels in complementary PWM mode and
reset-synchronized PWM mode.

Bit 1: OLS4 Description
0 TIOCAs3, TIOCA4, and TIOCB;4 outputs are inverted
1 TIOCAs3, TIOCA4, and TIOCB4 outputs are not inverted (Initial value)

Bit 0—OQOutput Level Select 3 (OLS3): Selects output levels in complementary PWM mode and
reset-synchronized PWM mode.

Bit 0: OLS3 Description
0 TIOCB3, TOCXA4, and TOCXBg4 outputs are inverted
1 TIOCB3, TOCXA4, and TOCXBg4 outputs are not inverted (Initial value)

10.2.7 Timer Counters (TCNT)

TCNT is a 16-bit counter. The ITU has five TCNTSs, one for each channel.

Channel Abbreviation Function

0 TCNTO Up-counter

1 TCNT1

2 TCNT2 Phase counting mode: up/down-counter

Other modes: up-counter

3 TCNT3 Complementary PWM mode: up/down-counter
TCNT4 Other modes: up-counter
Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value o o o o o O o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source. The
clock source is selected by bits TPSC2 to TPSCO in TCR.

TCNTO and TCNT1 are up-counters. TCNT2 is an up/down-counter in phase counting mode and
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM
mode and up-counters in other modes.
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TCNT can be cleared to H'0000 by compare match with GRA or GRB or by input capture to GRA
or GRB (counter clearing function) in the same channel.

When TCNT overflows (changes from H'FFFF to H'0000), the OVF flag is set to 1 in TSR of the
corresponding channel.

When TCNT underflows (changes from H'0000 to H'FFFF), the OVF flag is set to 1 in TSR of the
corresponding channel.

The TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each TCNT is initialized to H'0000 by a reset and in standby mode.

10.2.8  General Registers A, B (GRA, GRB)

The general registers are 16-bit registers. The ITU has 10 general registers, two in each channel.

Channel Abbreviation Function
0 GRAO, GRBO Output compare/input capture register
1 GRA1, GRB1
2 GRA2, GRB2
3 GRA3, GRB3 Output compare/input capture register; can be buffered by
4 GRA4, GRB4 buffer registers BRA and BRB
Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settings in TIOR.

When a general register is used as an output compare register, its value is constantly compared
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set
to 1 in TSR. Compare match output can be selected in TIOR.

When a general register is used as an input capture register, rising edges, falling edges, or both
edges of an external input capture signal are detected and the current TCNT value is stored in the
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the same time. The
valid edge or edges of the input capture signal are selected in TIOR.
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TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized
PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are initialized to the output compare function (with no output signal) by a reset
and in standby mode. The initial value is H'FFFF.

10.2.9  Buffer Registers A, B (BRA, BRB)

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3
and 4.

Channel Abbreviation Function
3 BRA3, BRB3 Used for buffering
4 BRA4, BRB4 ¢ When the corresponding GRA or GRB functions as an

output compare register, BRA or BRB can function as an
output compare buffer register: the BRA or BRB value is
automatically transferred to GRA or GRB at compare match

«  When the corresponding GRA or GRB functions as an input
capture register, BRA or BRB can function as an input
capture buffer register: the GRA or GRB value is
automatically transferred to BRA or BRB at input capture

Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

A buffer register is a 16-bit readable/writable register that is used when buffering is selected.
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3 in TFCR.

The buffer register and general register operate as a pair. When the general register functions as an
output compare register, the buffer register functions as an output compare buffer register. When
the general register functions as an input capture register, the buffer register functions as an input
capture buffer register.

The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word or byte access.

Buffer registers are initialized to H'FFFF by a reset and in standby mode.
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10.2.10 Timer Control Registers (TCR)

TCR is an 8-bit register. The ITU has five TCRs, one in each channel.

Channel Abbreviation Function
0 TCRO TCR controls the timer counter. The TCRs in all channels are
1 TCR1 functionally identical. When phase counting mode is selected in
channel 2, the settings of bits CKEG1 and CKEGO0 and TPSC2
2 TCR2 to TPSCO in TCR2 are ignored.
3 TCR3
4 TCR4
Bit 7 6 5 4 3 2 1 0
| O | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value 1 0 0 0 0 0 0 0
Read/Write O R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2 to 0
These bits select the
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each TCR is an 8-bit readable/writable register that selects the timer counter clock source, selects
the edge or edges of external clock sources, and selects how the counter is cleared.

TCR is initialized to H'80 by a reset and in standby mode.

Bit 7—Reserved: Read-only bit, always read as 1.
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Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO0): These bits select how TCNT is cleared.

Bit 6: CCLR1 Bit 5: CCLRO Description
0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input
capture™”'
1 0 TCNT is cleared by GRB compare match or input
capture™”'
1 Synchronous clear: TCNT is cleared in synchronization

with other synchronized timers™*?

Notes: *1 TCNT is cleared by compare match when the general register functions as an output
compare register, and by input capture when the general register functions as an input

capture register.
*2 Selected in TSNC.

Bits 4 and 3—Clock Edge 1/0 (CKEG1, CKEGO0): These bits select external clock input edges

when an external clock source is used.

Bit 4: CKEG1 Bit 3: CKEGO Description
0 0 Count rising edges (Initial value)
1 Count falling edges

1 —

Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are ignored.

Phase counting takes precedence.

Bits 2 to 0—Timer Prescaler 2 to 0 (TPSC2 to TPSC0): These bits select the counter clock

source.
Bit 2: TPSC2 Bit 1: TPSC1 Bit 0: TPSCO Description
0 0 0 Internal clock: @ (Initial value)
1 Internal clock: @2
1 0 Internal clock: @4
1 Internal clock: @8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input
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When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer counts
the edge or edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of bits TPSC2 to
TPSCO0 in TCR2 are ignored. Phase counting takes precedence.

10.2.11 Timer I/O Control Register (TIOR)

TIOR is an 8-bit register. The ITU has five TIORs, one in each channel.

Channel Abbreviation Function
0 TIORO TIOR controls the general registers. Some functions differ in
1 TIOR1 PWM mode. TIOR3 and TIOR4 settings are ignored when
complementary PWM mode or reset-synchronized PWM mode
2 TIOR2 is selected in channels 3 and 4.
3 TIOR3
4 TIOR4
Bit 7 6 5 4 3 2 1 0
ad ‘ 10B2 ‘ I0B1 ‘ I0BO ‘ O ‘ I0A2 ‘ I0A1 ‘ IOA0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write ad R/W R/W R/W O R/W R/W R/W

1/0 control A2 to A0
These bits select GRA
functions

Reserved bit

1/0 control B2 to B0
These bits select GRB functions

Reserved bit

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the
output compare function is selected, TIOR also selects the type of output. If input capture is
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR is initialized to H'88 by a reset and in standby mode.
Bit 7—Reserved: Read-only bit, always read as 1.
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Bits 6 to 4—I/O Control B2 to B0 (IOB2 to IOB0): These bits select the GRB function.

Bit 6: Bit 5: Bit 4:
10B2 10B1 10B0 Description
0 0 0 GRB is an output  No output at compare match (Initial value)
1 compare register 0 output at GRB compare match ™'
1 0 1 output at GRB compare match™’
1 Output toggles at GRB compare match
(1 output in channel 2)*' *2
1 0 0 GRB is an input GRB captures rising edge of input
1 capture register GRB captures falling edge of input
1 0 GRB captures both edges of input

1

Notes: *1 After a reset, the output is 0 until the first compare match.
*2 Channel 2 output cannot be toggled by compare match. This setting selects 1 output

instead.

Bit 3—Reserved: Read-only bit, always read as 1.

Bits 2 to 0—I/O Control A2 to A0 (IOA2 to IOA0): These bits select the GRA function.

Bit 2: Bit 1: Bit 0:
10A2 10A1 I0A0 Description
0 0 0 GRA is an output  No output at compare match (Initial value)
1 compare register 0 output at GRA compare match ™'
1 0 1 output at GRA compare match™’
1 Output toggles at GRA compare match
(1 output in channel 2)*' *2
1 0 0 GRA is an input GRA captures rising edge of input
1 capture register GRA captures falling edge of input
1 0 GRA captures both edges of input

1

Notes: *1 After a reset, the output is 0 until the first compare match.
*2 Channel 2 output cannot be toggled by compare match. This setting selects 1 output

instead.
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10.2.12 Timer Status Register (TSR)

TSR is an 8-bit register. The ITU has five TSRs, one in each channel.

Channel Abbreviation Function

0 TSRO Indicates input capture, compare match, and overflow status

1 TSR1

2 TSR2

3 TSR3

4 TSR4
Bit 7 6 5 4 3 2 1 0

O ‘ O O 0 O ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write O O O O O R/(W)*  R/(W)* R/(W)*
|

Reserved bits

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match flag B
Status flag indicating GRB compare
match or input capture

Input capture/compare match flag A
Status flag indicating GRA compare
match or input capture

Note: * Only 0 can be written, to clear the flag.

Each TSR is an 8-bit readable/writable register containing flags that indicate TCNT overflow or
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources
and generate CPU interrupts if enabled by corresponding bits in TIER.

TSR is initialized to H'F8 by a reset and in standby mode.

Bits 7 to 3—Reserved: Read-only bits, always read as 1.
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Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow.

Bit 2: OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]
TCNT o;/erflowed from H'FFFF to H'0000, or underflowed from H'0000 to
H'FFFF

Note: * TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow occurs
only under the following conditions:

(1) Channel 2 operates in phase counting mode (MDF = 1 in TMDR)

(2) Channels 3 and 4 operate in complementary PWM mode (CMD1 =1 and CMDO =0 in
TFCR)

Bit 1—Input Capture/Compare Match Flag B IMFB): This status flag indicates GRB
compare match or input capture events.

Bit 1: IMFB Description

0 [Clearing condition] (Initial value)
Read IMFB when IMFB = 1, then write 0 in IMFB

1 [Setting conditions]

TCNT = GRB when GRB functions as an output compare register.

TCNT value is transferred to GRB by an input capture signal, when GRB
functions as an input capture register.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA
compare match or input capture events.

Bit 0: IMFA Description

0 [Clearing conditions] (Initial value)
Read IMFA when IMFA = 1, then write 0 in IMFA.
DMAC activated by IMIA interrupt (channels 0 to 3 only).

1 [Setting conditions]
TCNT = GRA when GRA functions as an output compare register.

TCNT value is transferred to GRA by an input capture signal, when GRA
functions as an input capture register.
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10.2.13 Timer Interrupt Enable Register (TIER)

TIER is an 8-bit register. The ITU has five TIERs, one in each channel.

Channel Abbreviation Function

0 TIERO Enables or disables interrupt requests.

1 TIER1

2 TIER2

3 TIER3

4 TIER4
Bit 7 6 5 4 3 2 1 0

O ‘ O O O | ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write O O O O O R/W R/W R/W
|

Reserved bits

Overflow interrupt enable
Enables or disables OVF

interrupts

Input capture/compare match
interrupt enable B
Enables or disables IMFB interrupts

Input capture/compare match
interrupt enable A
Enables or disables IMFA

interrupts

Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt
requests and general register compare match and input capture interrupt requests.

TIER is initialized to H'F8 by a reset and in standby mode.

Bits 7 to 3—Reserved: Read-only bits, always read as 1.

RENESAS

Rev. 2.0, 02/03, page 341 of 860


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the
OVF flag in TSR when OVF is set to 1.

Bit 2: OVIE Description
0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVI interrupt requested by OVF is enabled

Bit 1—Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disables the
interrupt requested by the IMFB flag in TSR when IMFB is set to 1.

Bit 1: IMIEB Description
0 IMIB interrupt requested by IMFB is disabled (Initial value)
1 IMIB interrupt requested by IMFB is enabled

Bit 0—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disables the
interrupt requested by the IMFA flag in TSR when IMFA is set to 1.

Bit 0: IMIEA Description
0 IMIA interrupt requested by IMFA is disabled (Initial value)
1 IMIA interrupt requested by IMFA is enabled
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10.3 CPU Interface

10.3.1 16-Bit Accessible Registers

The timer counters (TCNTs), general registers A and B (GRAs and GRBs), and buffer registers A
and B (BRAs and BRBs) are 16-bit registers, and are linked to the CPU by an internal 16-bit data
bus. These registers can be written or read a word at a time, or a byte at a time.

Figures 10.6 and 10.7 show examples of word access to a timer counter (TCNT). Figures 10.8 to
10.11 show examples of byte access to TCNTH and TCNTL.
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Figure 10.6 Access to Timer Counter (CPU Writes to TCNT, Word)

On-chip data bus

H H

<) >
{} L Module

CPU L Bus interface > data bus

TCNTH | TCNTL

L A

Figure 10.7 Access to Timer Counter (CPU Reads TCNT, Word)

Rev. 2.0, 02/03, page 343 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

On-chip data bus

H H
<) < >

CPU L Bus interface < L >3Aac:gublﬁs
B \ 2RV

| TCNTH | TONTL |

Figure 10.8 Access to Timer Counter (CPU Writes to TCNT, Upper Byte)

On-chip data bus

y H
S — < >

CPU L Bus interface < L >g/|ac:gugﬁs
>

VAR /

| TCNTH | TCNTL |

Figure 10.9 Access to Timer Counter (CPU Writes to TCNT, Lower Byte)

On-chip data bus

H H :>
<:> {} L Module

CPU L Bus interface
> data bus
P &

TCNTH | TCNTL

VANV N

Figure 10.10 Access to Timer Counter (CPU Reads TCNT, Upper Byte)
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On-chip data bus

H H

>
<:> G L~ Module

CPU L Bus interface

R S

TCNTH | TCNTL

Y VAN

Figure 10.11 Access to Timer Counter (CPU Reads TCNT, Lower Byte)

10.3.2  8-Bit Accessible Registers

The registers other than the timer counters, general registers, and buffer registers are 8-bit
registers. These registers are linked to the CPU by an internal 8-bit data bus.

Figures 10.12 and 10.13 show examples of byte read and write access to a TCR.

If a word-size data transfer instruction is executed, two byte transfers are performed.

On-chip data bus

H H

()

CPU L Bus interface

>

> Module
> data bus

L

/N A

\ 4

TCR

Figure 10.12 Access to Timer Counter (CPU Writes to TCR)
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On-chip data bus

H H

{} L Module

CPU L Bus interface > data bus

>

/N A

TCR

Figure 10.13 Access to Timer Counter (CPU Reads TCR)
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10.4  Operation

10.4.1  Overview
A summary of operations in the various modes is given below.

Normal Operation: Each channel has a timer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
General registers A and B can be used for input capture or output compare.

Synchronous Operation: The timer counters in designated channels are preset synchronously.
Data written to the timer counter in any one of these channels is simultaneously written to the
timer counters in the other channels as well. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO bits in the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goes to 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
complementary waveforms. (The three phases are related by having a common transition point.)
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically
function as output compare registers, TIOCA;, TIOCB;, TIOCA4, TOCXA,, TIOCB,, and
TOCXB, function as PWM output pins, and TCNT3 operates as an up-counter. TCNT4 operates
independently, and is not compared with GRA4 or GRB4.

Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
non-overlapping complementary waveforms. When complementary PWM mode is selected
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and
TIOCA;, TIOCB;, TIOCA,4, TOCXA,, TIOCB,, and TOCXB, function as PWM output pins.
TCNT3 and TCNT4 operate as up/down-counters.

Phase Counting Mode: The phase relationship between two clock signals input at TCLKA and
TCLKB is detected and TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down-
counter.
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Buffering

e Ifthe general register is an output compare register
When compare match occurs the buffer register value is transferred to the general register.
e Ifthe general register is an input capture register

When input capture occurs the TCNT value is transferred to the general register, and the
previous general register value is transferred to the buffer register.

*  Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction.

* Reset-synchronized PWM mode
The buffer register value is transferred to the general register at GRA3 compare match.

10.4.2  Basic Functions

Counter Operation: When one of bits STRO to STR4 is set to 1 in the timer start register (TSTR),
the timer counter (TCNT) in the corresponding channel starts counting. The counting can be free-
running or periodic.

e Sample setup procedure for counter
Figure 10.14 shows a sample procedure for setting up a counter.
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( Counter setup )

Select counter clock 1

No

Type of counting?

Yes

( Free-running counting )
( Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure 10.14 Counter Setup Procedure (Example)

. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock source

is selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the external
clock signal.

. For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT cleared at GRA compare
match or GRB compare match.

. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

. Write the count period in GRA or GRB, whichever was selected in step 2.

. Set the STR bit to 1 in TSTR to start the timer counter.
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* Free-running and periodic counter operation
A reset leaves the counters (TCNTs) in ITU channels 0 to 4 all set as free-running counters. A
free-running counter starts counting up when the corresponding bit in TSTR is set to 1. When
the count overflows from H'FFFF to H'0000, the OVF flag is set to 1 in TSR. If the
corresponding OVIE bit is set to 1 in TIER, a CPU interrupt is requested. After the overflow,
the counter continues counting up from H'0000. Figure 10.15 illustrates free-running counting.

TCNT value

HFFFF

H’0000 ‘ ‘ ’ > Time
STRO to ‘ ‘ j

STR4 bit —’ ! :

OVF )

Figure 10.15 Free-Running Counter Operation

When a channel is set to have its counter cleared by compare match, in that channel TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit
CCLRI1 or CCLRO in TCR to have the counter cleared by compare match, and set the count
period in GRA or GRB. After these settings, the counter starts counting up as a periodic
counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or
GRB, the IMFA or IMFB flag is set to 1 in TSR and the counter is cleared to H'0000. If the
corresponding IMIEA or IMIEB bit is set to 1 in TIER, a CPU interrupt is requested at this
time. After the compare match, TCNT continues counting up from H'0000. Figure 10.16
illustrates periodic counting.
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TCNT value
Counter cleared by general
/ register compare match
GR b

H'0000 ‘ ‘ ‘ = Time
STR bit |
IMF

Figure 10.16 Periodic Counter Operation

e TCNT count timing
[0 Internal clock source

Bits TPSC2 to TPSCO in TCR select the system clock (@) or one of three internal clock
sources obtained by prescaling the system clock (¢/2, ¢4, @'8).

Figure 10.17 shows the timing.

: T L L r L rer I

((
Internal 2
ClOCk ‘I \ | | \
TCNT input

(

)]

(

) X

( N+1

((
)T
((
)
((
)T

TCNT N1 X

Figure 10.17 Count Timing for Internal Clock Sources

[0 External clock source

Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD), and
its valid edge or edges are selected by bits CKEG1 and CKEGO. The rising edge, falling
edge, or both edges can be selected.

The pulse width of the external clock signal must be at least 1.5 system clocks when a
single edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter
pulses will not be counted correctly.

Figure 10.18 shows the timing when both edges are detected.
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External
clock input
TCNT input r r
) J
: : : :5
TCNT N 1 N . N+1
J

>~
y

Figure 10.18 Count Timing for External Clock Sources (when Both Edges are Detected)

Waveform Output by Compare Match: In ITU channels 0, 1, 3, and 4, compare match A or B
can cause the output at the TIOCA or TIOCB pin to go to 0, go to 1, or toggle. In channel 2 the
output can only go to 0 or go to 1.

e Sample setup procedure for waveform output by compare match

Figure 10.19 shows a sample procedure for setting up waveform output by compare match.

( Output setup ) 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/
output function to the output compare function
1 (TIOCA or TIOCB). An output compare pin outputs
0 until the first compare match occurs.

Select waveform
output mode

Set output timing 2 2. Set a value in GRA or GRB to designate the
compare match timing.

Start counter 3 3. Setthe STR bitto 1in TSTR to start the timer
i counter.

Waveform output

Figure 10.19 Setup Procedure for Waveform Output by Compare Match (Example)

* Examples of waveform output

Figure 10.20 shows examples of 0 and 1 output. TCNT operates as a free-running counter, 0
output is selected for compare match A, and 1 output is selected for compare match B. When
the pin is already at the selected output level, the pin level does not change.
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TCNT value

/
o o o S i e e
GRB [ ARREE R (Co fEREREEEEEEEEE
oo | o
H’0000 » Time
TIOCB No c‘hange No cr‘nange 1 output
TIOCA | /\ No change /\ No change 0 output

Figure 10.20 0 and 1 Output (Examples)

Figure 10.21 shows examples of toggle output. TCNT operates as a periodic counter, cleared
by compare match B. Toggle output is selected for both compare match A and B.

TCNT value .
Counter cleared by compare match with GRB

4

GRB [ / ffffffffffffffffffffffffffffffffffffffffff

GRA [ R S (oo

H0000 | | | -~ Time

TIOCB 1 3 | Toggle
1 ! s output

TIOCA Toggle

‘ L output

Figure 10.21 Toggle Output (Example)
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Output compare timing

The compare match signal is generated in the last state in which TCNT and the general register
match (when TCNT changes from the matching value to the next value). When the compare
match signal is generated, the output value selected in TIOR is output at the output compare
pin (TIOCA or TIOCB). When TCNT matches a general register, the compare match signal is
not generated until the next counter clock pulse.

Figure 10.22 shows the output compare timing.

9 I e T A s I R
TCNT input ,—l
clock e

TCNT N X N+ 1
GR N

Compare ,—l

match signal

TIOCA, ><

TIOCB

Figure 10.22 Output Compare Timing

Input Capture Function: The TCNT value can be captured into a general register when a
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take
place on the rising edge, falling edge, or both edges. The input capture function can be used to
measure pulse width or period.

Sample setup procedure for input capture
Figure 10.23 shows a sample procedure for setting up input capture.
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C

Input selection )

Select input-capture input

Start counter

l

Input capture

1. Set TIOR to select the input capture function of a

general register and the rising edge, falling edge,
or both edges of the input capture signal. Clear the
port data direction bit to 0 before making these
TIOR settings.

2. Setthe STR bitto 1 in TSTR to start the timer

counter.

Figure 10.23 Setup Procedure for Input Capture (Example)

Examples of input capture

Figure 10.24 illustrates input capture when the falling edge of TIOCB and both edges of
TIOCA are selected as capture edges. TCNT is cleared by input capture into GRB.

TCNT value

H'0180
H'0160

H’0005
H’0000

TIOCB

TIOCA

GRA

GRB

Counter cleared by TIOCB

/ input (falling edge)

>< H'0005

Figure 10.24 Input Capture (Example)
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¢ Input capture signal timing
Input capture on the rising edge, falling edge, or both edges can be selected by settings in
TIOR. Figure 10.25 shows the timing when the rising edge is selected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocks for capture of both edges.

° | L

Input-capture input

Internal input
capture signal

TCNT N

GRA, GRB >< N

Figure 10.25 Input Capture Signal Timing
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10.4.3  Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or
more timer counters can also be cleared simultaneously (synchronous clear). Synchronization
enables additional general registers to be associated with a single time base. Synchronization can
be selected for all channels (0 to 4).

Sample Setup Procedure for Synchronization: Figure 10.26 shows a sample procedure for
setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
- channel?
| Write to TCNT | 2
| Select counter clear source | 3 | Select counter clear source | 4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Set the SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in TCNT in one of the synchronized channels, the same value is
simultaneously written in TCNT in the other channels (synchronized preset).

. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or input capture.

. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously.

. Set the STR bits in TSTR to 1 to start the synchronized counters.

abw

Figure 10.26 Setup Procedure for Synchronization (Example)
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Example of Synchronization: Figure 10.27 shows an example of synchronization. Channels 0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing
by compare match with GRBO. Channels 1 and 2 are set for synchronous counter clearing. The
timer counters in channels 0, 1, and 2 are synchronously preset, and are synchronously cleared by
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCA,, TIOCA,,
and TIOCA,. For further information on PWM mode, see section 10.4.4, PWM Mode.

Value of TCNTO to TCNT2
i

Cleared by compare match with GRBO

GRBO
GRB1

GRAO
GRB2

GRA1

GRA2
Ho00p "———¢—+————————————— = Time

TIOCA

TIOCA,

TIOCA,

Figure 10.27 Synchronization (Example)
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10.44 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changes to 1. GRB specifies the time at which
the PWM output changes to 0. If either GRA or GRB is selected as the counter clear source, a
PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can
be selected in all channels (0 to 4).

Table 10.4 summarizes the PWM output pins and corresponding registers. If the same value is set
in GRA and GRB, the output does not change when compare match occurs.

Table 10.4 PWM Output Pins and Registers

Channel Output Pin 1 Output 0 Output
0 TIOCAo GRAO GRBO
1 TIOCA GRA1 GRB1
2 TIOCA: GRA2 GRB2
3 TIOCA3 GRA3 GRB3
4 TIOCA4 GRA4 GRB4
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Sample Setup Procedure for PWM Mode: Figure 10.28 shows a sample procedure for setting
up PWM mode.

—_

[ PWM mode ) . Set bits TPSC2 to TPSCO0 in TCR to
select the counter clock source. If an
‘ external clock source is selected, set
bits CKEG1 and CKEGO in TCR to
select the desired edge(s) of the
| external clock signal.
2. Set bits CCLR1 and CCLRO in TCR
Select counter clear source 2 to select the counter clear source.
3. Set the time at which the PWM
\ waveform should go to 1 in GRA.
4. Set the time at which the PWM
Set GRA 3 waveform should go to 0 in GRB.
5. Set the PWM bit in TMDR to select
‘ PWM mode. When PWM mode is
Set GRB 4 selected, regardless of the TIOR
contents, GRA and GRB become
‘ output compare registers specifying
the times at which the PWM output
Select PWM mode 5 goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
‘ output pin. The TIOCB pin conforms
to the settings of bits IOB1 and I0B0

Select counter clock 1

Start counter 6 in TIOR. If TIOCB output is not
desired, clear both |IOB1 and IOBO to 0.
l 6. Setthe STR bitto 1in TSTR to start
PWM mode the timer counter.

Figure 10.28 Setup Procedure for PWM Mode (Example)
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Examples of PWM Mode: Figure 10.29 shows examples of operation in PWM mode. In PWM
mode TIOCA becomes an output pin. The output goes to 1 at compare match with GRA, and to 0
at compare match with GRB.

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

TCNT value

GRA

GRB

H’0000

TIOCA

/ Counter cleared by compare match with GRA

TCNT value

GRB

GRA

H’0000

TIOCA

Time

. Counter cleared by GRA

/ Counter cleared by compare match with GRB

Time

b. Counter cleared by GRB

Figure 10.29 PWM Mode (Example 1)
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Figure 10.30 shows examples of the output of PWM waveforms with duty cycles of 0% and
100%. If the counter is cleared by compare match with GRB, and GRA is set to a higher value
than GRB, the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB
is set to a higher value than GRA, the duty cycle is 100%.

TCNT value Counter cleared by compare match with GRB

GRB [~ 7 Al Il i

GRA [

H’0000 3 3 — Time

TIOCA

Write to GRA Write to GRA
a. 0% duty cycle

TCNT value Counter cleared by compare match with GRA

GRA [ AT

GRB [

H0000 ‘ ‘ — “ Time

TIOCA

: o

Write to GRB Write to GRB

b. 100% duty cycle

Figure 10.30 PWM Mode (Example 2)
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10.4.5 Reset-Synchronized PWM Mode

In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of
complementary PWM waveforms, all having one waveform transition point in common.

When reset-synchronized PWM mode is selected TIOCA;, TIOCB;, TIOCA,4, TOCXA,, TIOCBy,
and TOCXB, automatically become PWM output pins, and TCNT3 functions as an up-counter.

Table 10.5 lists the PWM output pins. Table 10.6 summarizes the register settings.

Table 10.5  Output Pins in Reset-Synchronized PWM Mode
Channel Output Pin Description
3 TIOCA3 PWM output 1
TIOCB3 PWM output 1° (complementary waveform to PWM output 1)
4 TIOCA, PWM output 2
TOCXA4 PWM output 2" (complementary waveform to PWM output 2)
TIOCB4 PWM output 3
TOCXB4 PWM output 3" (complementary waveform to PWM output 3)
Table 10.6  Register Settings in Reset-Synchronized PWM Mode
Register Setting
TCNT3 Initially set to H'0000
TCNT4 Not used (operates independently)
GRA3 Specifies the count period of TCNT3
GRB3 Specifies a transition point of PWM waveforms output from TIOCA3 and TIOCB3
GRA4 Specifies a transition point of PWM waveforms output from TIOCAs and TOCXA4
GRB4 Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4
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Sample Setup Procedure for Reset-Synchronized PWM Mode: Figure 10.31 shows a sample
procedure for setting up reset-synchronized PWM mode.

N

Geset-synchronized PWM moda . Clear the STR3 bitin TSTRto 0 to
halt TCNT3. Reset-synchronized
‘ PWM mode must be set up while
TCNT3 is halted.
Stop counter T 2. Setbits TPSC2 to TPSCO in TCR to
| select the counter clock source for
channel 3. If an external clock source
Select counter clock 2 is selected, select the external clock
edge(s) with bits CKEG1 and CKEGO
| in TCR.
3. Set bits CCLR1 and CCLRO in TCR3
to select GRA3 compare match as
‘ the counter clear source.
4. Set bits CMD1 and CMDO in TFCR to
Select reset-synchronized 4 select reset-synchronized PWM mode.
PWM mode TIOCA3, TIOCB3, TIOCA,, TIOCB,,
\ TOCXA,, and TOCXB, automatically
become PWM output pins.
Set TCNT 5 5. Preset TCNT3 to H'0000. TCNT4
need not be preset.
| 6. GRAS is the waveform period register.
6 Set the waveform period value in
GRAS. Set transition times of the
\ PWM output waveforms in GRB3,
GRA4, and GRB4. Set times within

Select counter clear source 3

Set general registers

Start counter 7 the compare match range of TCNT3.
X £ GRAS (X: setting value)
l 7. Setthe STR3 bitin TSTR to 1 to start
TCNT3.

Reset-synchronized PWM mode

Figure 10.31 Setup Procedure for Reset-Synchronized PWM Mode (Example)
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Example of Reset-Synchronized PWM Mode: Figure 10.32 shows an example of operation in
reset-synchronized PWM mode. TCNT3 operates as an up-counter in this mode. TCNT4 operates
independently, detached from GRA4 and GRB4. When TCNT3 matches GRA3, TCNT3 is cleared
and resumes counting from H'0000. The PWM outputs toggle at compare match of TCNT3 with
GRB3, GRA4, and GRB4 respectively, and all toggle when the counter is cleared.

TCNT3 value
/ Counter cleared at compare match with GRA3

GRA3 [ gl -
GRB3 [ S -
GRA4 [ R
GRB4 - ‘
H'0000 -

Time

TIOCA,

TIOCB,

TIOCA,

TOCXA, i i i

TIOCB,

TOCXB,

Figure 10.32 Operation in Reset-Synchronized PWM Mode (Example)
(when OLS3 =O0LS4=1)

For the settings and operation when reset-synchronized PWM mode and buffer mode are both
selected, see section 10.4.8, Buffering.
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10.4.6 Complementary PWM Mode

In complementary PWM mode channels 3 and 4 are combined to output three pairs of
complementary, non-overlapping PWM waveforms.

When complementary PWM mode is selected TIOCA;, TIOCB3, TIOCA4, TOCXA,, TIOCB,,
and TOCXB, automatically become PWM output pins, and TCNT3 and TCNT4 function as
up/down-counters.

Table 10.7 lists the PWM output pins. Table 10.8 summarizes the register settings.

Table 10.7  Output Pins in Complementary PWM Mode
Channel Output Pin Description
3 TIOCA3 PWM output 1
TIOCB3 PWM output 1 (non-overlapping complementary waveform
to PWM output 1)
4 TIOCA, PWM output 2
TOCXA4 PWM output 2" (non-overlapping complementary waveform
to PWM output 2)
TIOCB4 PWM output 3
TOCXB4 PWM output 3" (non-overlapping complementary waveform
to PWM output 3)
Table 10.8  Register Settings in Complementary PWM Mode
Register Setting
TCNT3 Initially specifies the non-overlap margin (difference to TCNT4)
TCNT4 Initially set to H'0000
GRA3 Specifies the upper limit value of TCNT3 minus 1
GRB3 Specifies a transition point of PWM waveforms output from TIOCA3; and TIOCB3
GRA4 Specifies a transition point of PWM waveforms output from TIOCA; and TOCXA4
GRB4 Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4
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Setup Procedure for Complementary PWM Mode: Figure 10.33 shows a sample procedure for
setting up complementary PWM mode.

[ Complementary PWM mode]

Stop counting

Select counter clock

Select complementary
PWM mode

Set TCNTs

Set general registers

Start counters

'

Complementary PWM mode

—_

. Clear bits STR3 and STR4 to 0 in

TSTR to halt the timer counters.
Complementary PWM mode must be
set up while TCNT3 and TCNT4 are
halted.

. Set bits TPSC2 to TPSCO in TCR to

select the same counter clock source
for channels 3 and 4. If an external
clock source is selected, select the
external clock edge(s) with bits
CKEG1 and CKEGO in TCR. Do not
select any counter clear source

with bits CCLR1 and CCLRO in TCR.

. Set bits CMD1 and CMDO in TFCR

to select complementary PWM mode.
TIOCAg, TIOCBg3, TIOCA,, TIOCBy,,
TOCXA4, and TOCXB, automatically
become PWM output pins.

. Clear TCNT4 to H’0000. Set the

non-overlap margin in TCNT3. Do not
set TCNT3 and TCNT4 to the same
value.

. GRA3 is the waveform period

register. Set the upper limit value of
TCNT3 minus 1 in GRAS3. Set
transition times of the PWM output
waveforms in GRB3, GRA4, and
GRB4. Set times within the compare
match range of TCNT3 and TCNT4.
T < X (X: initial setting of GRB3,
GRA4, or GRB4. T: initial setting of
TCNT3)

. Set bits STR3 and STR4 in TSTR to

1 to start TCNT3 and TCNTA4.

Note: After exiting complementary PWM mode, to resume operating in complementary

PWM mode, follow the entire setup procedure from step 1 again.

Figure 10.33 Setup Procedure for Complementary PWM Mode (Example)
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Clearing Procedure for Complementary PWM Mode: Figure 10.34 shows the steps to clear
complementary PWM mode.

[Complementary PWM mode) 1. Clear the CMD1 bit of TFCR to 0 to
set channels 3 and 4 to normal
‘ operating mode.

2. After setting channels 3 and 4 to
normal operating mode, wait at least
‘ one counter clock period, then clear
bits STR3 and STR4 of TSTR to 0 to
stop counter operation of TCNT3 and
TCNT4.

Clear complementary PWM mode | 1

Stop counter operation 2

|

Normal operating mode

Figure 10.34 Clearing Procedure for Complementary PWM Mode
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Examples of Complementary PWM Mode: Figure 10.35 shows an example of operation in
complementary PWM mode. TCNT3 and TCNT4 operate as up/down-counters, counting down
from compare match between TCNT3 and GRA3 and counting up from the point at which TCNT4
underflows. During each up-and-down counting cycle, PWM waveforms are generated by
compare match with general registers GRB3, GRA4, and GRB4. Since TCNT3 is initially set to a
higher value than TCNT4, compare match events occur in the sequence TCNT3, TCNT4, TCNTA4,
TCNTS3.

TCNT3 and
TCNTA4 values Down-counting starts at compare
,~~ match between TCNT3 and GRA3
GRASB [~ R Ty

TCNT3
GRB3 [~ N

GRA4 : N e

GRB4 |4 EERNREA) N

H'0000 Time

Figure 10.35 Operation in Complementary PWM Mode (Example 1, OLS3 = OLS4 =1)
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Figure 10.36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in
complementary PWM mode. In this example the outputs change at compare match with GRB3, so
waveforms with duty cycles of 0% or 100% can be output by setting GRB3 to a value larger than
GRA3. The duty cycle can be changed easily during operation by use of the buffer registers. For
further information see section 10.4.8, Buffering.

TCNT3 and
TCNT4 values

CRTA A N

GRB3 |/f— ) T

ii L
moor [ [T N [ (A
TIOCB; |_’ O% duty cycle |_| I_,

a. 0% duty cycle

TCNT3 and
TCNT4 values

GRA3

GRB3 [/
o

H’0000

TIOCA, J _J iE ] |
TIOCB, AI |—| | | I ] B

Time

1b0% duty cyc\e

b. 100% duty cycle

Figure 10.36 Operation in Complementary PWM Mode (Example 2, OLS3 = OLS4 =1)
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In complementary PWM mode, TCNT3 and TCNT4 overshoot and undershoot at the transitions
between up-counting and down-counting. The setting conditions for the IMFA bit in channel 3 and
the OVF bit in channel 4 differ from the usual conditions. In buffered operation the buffer transfer
conditions also differ. Timing diagrams are shown in figures 10.37 and 10.38.

TCNT3 >< N-1 >< N >< N+1 >< N ><N71

GRA3 ( N (
; Flag not set
IMFA : PN
)
Setto 1 -

Buffer transfer
signal (BR to GR)

o Y

Buffer transfer

i No buffer transfer

Figure 10.37 Overshoot Timing
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Underflow Overflow
TCNT4 >< H’0001 >< H’0000 >< H’FFFF>< H’0000 ><
; Flag not set

OVF

Setto 1

Buffer transfer
signal (BR to GR)

GR ><

Buffer transfer No buffer transfer

Figure 10.38 Undershoot Timing

In channel 3, IMFA is set to 1 only during up-counting. In channel 4, OVF is set to 1 only when
an underflow occurs. When buffering is selected, buffer register contents are transferred to the
general register at compare match A3 during up-counting, and when TCNT4 underflows.

General Register Settings in Complementary PWM Mode: When setting up general registers
for complementary PWM mode or changing their settings during operation, note the following
points.

e Initial settings
Do not set values from H'0000 to T — 1 (where T is the initial value of TCNT3). After the

counters start and the first compare match A3 event has occurred, however, settings in this
range also become possible.

* Changing settings
Use the buffer registers. Correct waveform output may not be obtained if a general register is
written to directly.

e Cautions on changes of general register settings

Figure 10.39 shows six correct examples and one incorrect example.
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SN G G0 G G0 SRR SN S

| ] | |
GR ><V ><V ><V ><V ><V [ ><V ><V

Figure 10.39 Changing a General Register Setting by Buffer Transfer (Example 1)

U Buffer transfer at transition from up-counting to down-counting
If the general register value is in the range from GRA3 — T + 1 to GRA3, do not transfer a
buffer register value outside this range. Conversely, if the general register value is outside
this range, do not transfer a value within this range. See figure 10.40.

GRA3+1 N
GRA3 "~ Y lllegal changes
GRA3-T+1 ) TCNT3

GRA3-T T e N

TCNT4

Figure 10.40 Changing a General Register Setting by Buffer Transfer (Caution 1)

U Buffer transfer at transition from down-counting to up-counting
If the general register value is in the range from H'0000 to T — 1, do not transfer a buffer
register value outside this range. Conversely, when a general register value is outside this
range, do not transfer a value within this range. See figure 10.41.
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TCNT3
/

lllegal changes

H0000 - O >
HFFFF ~ e

Figure 10.41 Changing a General Register Setting by Buffer Transfer (Caution 2)

0 General register settings outside the counting range (H'0000 to GRA3)

Waveforms with a duty cycle of 0% or 100% can be output by setting a general register to
a value outside the counting range. When a buffer register is set to a value outside the
counting range, then later restored to a value within the counting range, the counting
direction (up or down) must be the same both times. See figure 10.42.

H’0000 ----

Output pin

Output pin

BR A A X
|~ N /]

GR \ ><V ><V \& ><V

Write during down-counting Write during up-counting

Figure 10.42 Changing a General Register Setting by Buffer Transfer (Example 2)

Settings can be made in this way by detecting GRA3 compare match or TCNT4 underflow
before writing to the buffer register. They can also be made by using GRA3 compare match
to activate the DMAC.
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10.4.7 Phase Counting Mode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO0, CKEG1, and CKEGO in TCR2. Settings of bits CCLR1, CCLRO in TCR2, and settings in
TIOR2, TIER2, TSR2, GRA2, and GRB2 are valid. The input capture and output compare
functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedure for Phase Counting Mode: Figure 10.43 shows a sample procedure
for setting up phase counting mode.

( Phase counting mode >

Select phase counting mode 1 1. Set the MDF bit in TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

3. Set the STR2 bit to 1 in TSTR to start

Select flag setting condition 2 the timer counter.

Start counter 3

'

Phase counting mode

Figure 10.43 Setup Procedure for Phase Counting Mode (Example)
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Example of Phase Counting Mode: Figure 10.44 shows an example of operations in phase
counting mode. Table 10.9 lists the up-counting and down-counting conditions for TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. The
phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap must
also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 10.45.

TCNT2 value

Countinyr wg down

> Time
TCLKB f } f } f { f } f
TCLKA f { 4 ' 4 1 § { f
Figure 10.44 Operation in Phase Counting Mode (Example)
Table 10.9 Up/Down Counting Conditions
Counting Direction Up-Counting Down-Counting
TCLKB 1 High | Low High ! Low N
TCLKA Low t High | | Low N High
P.hase P.hase
difference difference ~ Pulse width Pulse width
TCLKA | | | |
TCLKB
i | l | l Phase difference and overlap: at least 1.5 states
| [ B ] [ ]
0 ‘ ‘ ‘ Pulse width: at least 2.5 states
verlap Overlap

Figure 10.45 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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10.4.8 Buffering

Buffering operates differently depending on whether a general register is an output compare
register or an input capture register, with further differences in reset-synchronized PWM mode and
complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering operations
under the conditions mentioned above are described next.

* General register used for output compare
The buffer register value is transferred to the general register at compare match.
See figure 10.46.

Compare match signal

BR GR Comparator TCNT

Figure 10.46 Compare Match Buffering

* General register used for input capture

The TCNT value is transferred to the general register at input capture. The previous general
register value is transferred to the buffer register.

See figure 10.47.

Input capture signal

BR GR TCNT

Figure 10.47 Input Capture Buffering
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¢ Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction. This occurs at the following two times:

0 When TCNT3 compare matches GRA3
0 When TCNT4 underflows

e Reset-synchronized PWM mode
The buffer register value is transferred to the general register at compare match A3.

Sample Buffering Setup Procedure: Figure 10.48 shows a sample buffering setup procedure.

( Buffering >

| Select general register functions | 1 1. Set TIOR to select the output compare or input
capture function of the general registers.

2. Set bits BFA3, BFA4, BFB3, and BFB4 in TFCR
to select buffering of the required general registers.

3. Set the STR bits to 1 in TSTR to start the timer
counters.

| Set buffer bits | 2

| Start counters | 3

'

Buffered operation

Figure 10.48 Buffering Setup Procedure (Example)
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Examples of Buffering: Figure 10.49 shows an example in which GRA is set to function as an
output compare register buffered by BRA, TCNT is set to operate as a periodic counter cleared by
GRB compare match, and TIOCA and TIOCB are set to toggle at compare match A and B.
Because of the buffer setting, when TIOCA toggles at compare match A, the BRA value is

simultaneously transferred to GRA. This operation is repeated each time compare match A occurs.

Figure 10.50 shows the transfer timing.

TCNT value Counter cleared

GRB

H’0250
H’0200

H'0100

H’0000

by compare match B

BRA H’0200

GRA H’0250

TIOCB

Toca | |
T

Compare match A

Figure 10.49 Register Buffering (Example 1: Buffering of Output Compare Register)
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¢ |

TCNT n X n+ 1
matoh signa

SBI;T:: transfer ,—l

BR N

GR n X \\> N

Figure 10.50

Compare Match and Buffer Transfer Timing (Example)
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Figure 10.51 shows an example in which GRA is set to function as an input capture register
buffered by BRA, and TCNT is cleared by input capture B. The falling edge is selected as the
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOCA. Because
of the buffer setting, when the TCNT value is captured into GRA at input capture A, the previous
GRA value is simultaneously transferred to BRA. Figure 10.52 shows the transfer timing.

TCNT value

Counter cleared by

/ input capture B

TIOCA 3
GRA >< H0005 H’jO16O
BRA X >< ' H’OO(j)S ><V H0160

GRB :>< ><H'O18(;

Input capture A

Figure 10.51 Register Buffering (Example 2: Buffering of Input Capture Register)
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25N s I Y O D B

TIOC pin b ) <t>\7
L

Input capture
signal 5
TCNT n X n+1 N N + 1
( ) \
GR M X ¥n ) n. XN
N 45
BR m X M M X ‘n

Figure 10.52 Input Capture and Buffer Transfer Timing (Example)

Rev. 2.0, 02/03, page 382 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Figure 10.53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM
mode. Buffering is used to set GRB3 to a higher value than GRA3, generating a PWM waveform
with 0% duty cycle. The BRB3 value is transferred to GRB3 when TCNT3 matches GRA3, and
when TCNT4 underflows.

TCNT3 and
TCNT4 values

H1FFF ‘ |
GRAB |- n

H'0999 [ - /N |

H'0000 A Time

BRB3 Hogge ! X! HFFF X 0999

GRB3 H’Oggg >< Hf’(ﬁ)999 >< H1FFF >< H1FFF ><H0999

TIOCA, :

TIOCB,

Figure 10.53 Register Buffering (Example 3: Buffering in Complementary PWM Mode)
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10.4.9 ITU Output Timing

The ITU outputs from channels 3 and 4 can be disabled by bit settings in TOER or by an external
trigger, or inverted by bit settings in TOCR.

Timing of Enabling and Disabling of ITU Output by TOER: In this example an ITU output is
disabled by clearing a master enable bit to 0 in TOER. An arbitrary value can be output by
appropriate settings of the data register (DR) and data direction register (DDR) of the
corresponding input/output port. Figure 10.54 illustrates the timing of the enabling and disabling
of ITU output by TOER.

Ty T, T3
0 B |
Address bus TOER address ><
TOER
ITU output pin Timer output I/O port

ITU output 4><7 Generic input/output

Figure 10.54 Timing of Disabling of ITU Output by Writing to TOER (Example)

Rev. 2.0, 02/03, page 384 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Timing of Disabling of ITU Output by External Trigger: If the XTGD bit is cleared to 0 in
TOCR in reset-synchronized PWM mode or complementary PWM mode, when an input capture
A signal occurs in channel 1, the master enable bits are cleared to 0 in TOER, disabling ITU
output. Figure 10.55 shows the timing.

-

TIOCA4 pin é\ ! !
Input capture \\ : :

signal ,—l '7 ‘

((

)T ! A

0 . 3
TOER N >< H'CO 0 N >< 3 H'CO
ITU output 4 ‘
oins. T ITU output X710 port ITUoutput X 1/O port

)T

ITU output — == Generic ITU output —»=— Generic
' input/output ' input/output

N: Arbitrary setting (H'C1 to H'FF)

Figure 10.55 Timing of Disabling of ITU Output by External Trigger (Example)

Timing of Output Inversion by TOCR: The output levels in reset-synchronized PWM mode and
complementary PWM mode can be inverted by inverting the output level select bits (OLS4 and
OLS3) in TOCR. Figure 10.56 shows the timing.

T, T, T
v N B
Address bus TOCR address ><

TOCR ><
~—

ITU output pin ><

Inverted

Figure 10.56 Timing of Inverting of ITU Output Level by Writing to TOCR (Example)
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10.5  Interrupts

The ITU has two types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

10.5.1  Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB are setto 1 by a
compare match signal generated when TCNT matches a general register (GR). The compare match
signal is generated in the last state in which the values match (when TCNT is updated from the
matching count to the next count). Therefore, when TCNT matches a general register, the compare
match signal is not generated until the next timer clock input. Figure 10.57 shows the timing of the
setting of IMFA and IMFB.

; i L

TCNT input
clock

TCNT N >< N+ 1

GR N

Compare
match signal

IMF

IMI

Figure 10.57 Timing of Setting of IMFA and IMFB by Compare Match
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an
input capture signal. The TCNT contents are simultaneously transferred to the corresponding
general register. Figure 10.58 shows the timing.

o]

Input capture

signal

IMF

TCNT N

GR >< N
IMI

Figure 10.58 Timing of Setting of IMFA and IMFB by Input Capture
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Timing of Setting of Overflow Flag (OVF): OVF is set to 1 when TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 10.59 shows the timing.

o L

TCNT HFFFF >< H'0000

Overflow
signal

OVF

ovi

Figure 10.59 Timing of Setting of OVF

10.5.2  Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is
cleared. Figure 10.60 shows the timing.

TSR write cycle

> ~= = -

o
Address >< TSR address ><

IMF, OVF

Figure 10.60 Timing of Clearing of Status Flags
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10.5.3

Interrupt Sources and DMA Controller Activation

Each ITU channel can generate a compare match/input capture A interrupt, a compare match/input
capture B interrupt, and an overflow interrupt. In total there are 15 interrupt sources, all
independently vectored. An interrupt is requested when the interrupt request flag and interrupt

enable bit are both set to 1.

The priority order of the channels can be modified in interrupt priority registers A and B (IPRA
and IPRB). For details see section 5, Interrupt Controller.

Compare match/input capture A interrupts in channels 0 to 3 can activate the DMA controller
(DMAC). When the DMAC is activated a CPU interrupt is not requested.

Table 10.10 lists the interrupt sources.

Table 10.10 ITU Interrupt Sources

Interrupt DMAC

Channel Source Description Activatable Priority™

0 IMIAO Compare match/input capture AQ Yes High
IMIBO Compare match/input capture BO No 1
ovio Overflow 0 No N

1 IMIA1 Compare match/input capture A1 Yes E
IMIB1 Compare match/input capture B1 No U
ovi1 Overflow 1 No E

2 IMIA2 Compare match/input capture A2 Yes []
IMIB2 Compare match/input capture B2 No [
oviI2 Overflow 2 No E

3 IMIA3 Compare match/input capture A3 Yes ]
IMIB3 Compare match/input capture B3 No E
OoVI3 Overflow 3 No ]

4 IMIA4 Compare match/input capture A4 No H
IMIB4 Compare match/input capture B4 No E
ovi4 Overflow 4 No Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed
by settings in IPRA and IPRB.
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10.6  Usage Notes

This section describes contention and other matters requiring special attention during ITU
operations.

Contention between TCNT Write and Clear: If a counter clear signal occurs in the T; state of a
TCNT write cycle, clearing of the counter takes priority and the write is not performed. See figure
10.61.

TCNT write cycle
T4 T, Ty

0 N
Address bus X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure 10.61 Contention between TCNT Write and Clear
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Contention between TCNT Word Write and Increment: If an increment pulse occurs in the T
state of a TCNT word write cycle, writing takes priority and TCNT is not incremented. See figure
10.62.

TCNT word write cycle

T, T, T3
e e

[
Address bus X TCNT address ><

Internal write signal

TCNT input clock

TCNT N >< P M

TCNT write data

Figure 10.62 Contention between TCNT Word Write and Increment
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Contention between TCNT Byte Write and Increment: If an increment pulse occurs in the T,
or T; state of a TCNT byte write cycle, writing takes priority and TCNT is not incremented. The
TCNT byte that was not written retains its previous value. See figure 10.63, which shows an
increment pulse occurring in the T, state of a byte write to TCNTH.

TCNTH byte write cycle

T4 T, T,
e e e

=
Address bus X TCNTH address ><

Internal write signal

TCNT input clock

N >< M
TCNTH P
TCNT write data

TCNTL X >< X+1 >< X

Figure 10.63 Contention between TCNT Byte Write and Increment
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Contention between General Register Write and Compare Match: If a compare match occurs
in the T; state of a general register write cycle, writing takes priority and the compare match signal
is inhibited. See figure 10.64.

General register write cycle

T T, T3
>l >l >

[
Address bus X GR address ><

Internal write signal

TCNT N >< N+ 1

GR N >< /M

General register write data

Compare match signal ' - Inhibited

Figure 10.64 Contention between General Register Write and Compare Match
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Contention between TCNT Write and Overflow or Underflow: If an overflow occurs in the T;
state of a TCNT write cycle, writing takes priority and the counter is not incremented. OVF is set
to 1. The same holds for underflow. See figure 10.65.

TCNT write cycle

T4 T Ty
e e e

-
Address bus X TCNT address ><

Internal write signal

TCNT input clock

Overflow signal

TCNT ! ><
HFFFF M

TCNT write data

OVF

Figure 10.65 Contention between TCNT Write and Overflow
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Contention between General Register Read and Input Capture: If an input capture signal
occurs during the T; state of a general register read cycle, the value before input capture is read.

See figure 10.66.

General register read cycle

Ty T, Ts
= e ~t= -
; |
Address bus :>< GR address ><
Internal read signal
Input capture signal
GR X >< M

Internal data bus

—

R

Figure 10.66 Contention between General Register Read and Input Capture
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Contention between Counter Clearing by Input Capture and Counter Increment: If an input
capture signal and counter increment signal occur simultaneously, the counter is cleared according
to the input capture signal. The counter is not incremented by the increment signal. The value
before the counter is cleared is transferred to the general register. See figure 10.67.

; a

Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H’0000

GR >< N

Figure 10.67 Contention between Counter Clearing by Input Capture and Counter
Increment
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Contention between General Register Write and Input Capture: If an input capture signal
occurs in the T; state of a general register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 10.68.

General register write cycle

e e e

=
Address bus X GR address ><

Internal write signal

Input capture signal

TCNT M

GR >< \M

Figure 10.68 Contention between General Register Write and Input Capture

Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the TCNT value matches the general register value, at the time
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

f (p

(N+1)

(f: counter frequency. @ system clock frequency. N: value set in general register.)
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Contention between Buffer Register Write and Input Capture: If a buffer register is used for
input capture buffering and an input capture signal occurs in the T; state of a write cycle, input
capture takes priority and the write to the buffer register is not performed. See figure 10.69.

Buffer register write cycle

e

[
Address bus X BR address ><

Internal write signal

Input capture signal

GR N \>< \X

BR M >< \N

TCNT value

Figure 10.69 Contention between Buffer Register Write and Input Capture
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Note on Synchronous Preset: When channels are synchronized, if a TCNT value is modified by
byte write access, all 16 bits of all synchronized counters assume the same value as the counter
that was addressed.

Example: When channels 2 and 3 are synchronized

Byte write to channel 2 or byte write to channel 3

Write A to upper byte
| of channel 2

TeNT2 | w | x

TeNts |y |z |
Upper byte Lower byte

Write A to lower byte
of channel 3

T

Word write to channel 2 or word write to channel 3

TeNT2 | w | x|

_ -

ToNT3 | v |z | WiteABwordto
channel 2 or 3

Upper byte Lower byte

TenNT2 | A | x|

TeNT3 | A | x|

Upper byte Lower byte

TeNT2 | Y | A |

TeNT3 | Y | A |

Upper byte Lower byte

TcNT2 | A | B |

TCNT3 | A | B |

Upper byte Lower byte

Note on Setup of Reset-Synchronized PWM Mode and Complementary PWM Mode: When
setting bits CMD1 and CMDO in TFCR, take the following precautions:

Write to bits CMD1 and CMDO only when TCNT3 and TCNT4 are stopped.

Do not switch directly between reset-synchronized PWM mode and complementary PWM
mode. First switch to normal mode (by clearing bit CMDI to 0), then select reset-synchronized

PWM mode or complementary PWM mode.
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Table 10.11 (b) ITU Operating Modes (Channel 1)
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Table 10.11 (¢) ITU Operating Modes (Channel 2)
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Table 10.11 (d) ITU Operating Modes (Channel 3)
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Table 10.11 (e) ITU Operating Modes (Channel 4)
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Section 11 Programmable Timing Pattern Controller

11.1 Overview

The H8/3048B Series has a built-in programmable timing pattern controller (TPC) that provides
pulse outputs by using the 16-bit integrated timer unit (ITU) as a time base. The TPC pulse
outputs are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and
independently.

11.1.1  Features
TPC features are listed below.

e 16-bit output data
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis.

* Four output groups
Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit
outputs.

* Selectable output trigger signals

Output trigger signals can be selected for each group from the compare-match signals of four
ITU channels.

* Non-overlap mode
A non-overlap margin can be provided between pulse outputs.
* Can operate together with the DMA controller (DMAC)

The compare-match signals selected as trigger signals can activate the DMAC for sequential
output of data without CPU intervention.
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11.1.2

Block Diagram

Figure 11.1 shows a block diagram of the TPC.

TP15 e
TP44 -—{ Pulse output
TP13 -«— pins, group 3
TPy ~-—
TPy
TP == Pulse output
TPg -«— pins, group 2
TPg -
TP7 B
TP¢ = Pulse output
TP ~— pins, group 1
TP 4 ~—
TP3 -
TP, =+ Pulse output
TP, =+ pins, group 0
TPO -]

Legend
TPMR:
TPCR:
NDERB:
NDERA:
PBDDR:
PADDR:
NDRB:
NDRA:
PBDR:
PADR:

ITU compare match signals

L4

Control logic

PADDR

PBDDR

NDERA

NDERB

TPMR

TPCR

PBDR

PADR

TPC output mode register
TPC output control register
Next data enable register B
Next data enable register A
Port B data direction register
Port A data direction register
Next data register B

Next data register A

Port B data register

Port A data register

————— NDRB ----

————— NDRA ----

Internal
data bus

Figure 11.1 TPC Block Diagram
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11.1.3

TPC Pins

Table 11.1 summarizes the TPC output pins.

Table 11.1 TPC Pins

Name Symbol /10 Function

TPC output 0 TPo Output Group 0 pulse output
TPC output 1 TP, Output

TPC output 2 TP, Output

TPC output 3 TP3 Output

TPC output 4 TP4 Output Group 1 pulse output
TPC output 5 TPs Output

TPC output 6 TPs Output

TPC output 7 TP Output

TPC output 8 TPs Output Group 2 pulse output
TPC output 9 TPy Output

TPC output 10 TP1o Output

TPC output 11 TP11 Output

TPC output 12 TP12 Output Group 3 pulse output
TPC output 13 TP1s3 Output

TPC output 14 TP1a Output

TPC output 15 TP1s Output

RENESAS
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11.1.4  Registers
Table 11.2 summarizes the TPC registers.

Table 11.2 TPC Registers

Address™ Name Abbreviation R/W Initial Value
H'FFD1 Port A data direction register PADDR w H'00
H'FFD3 Port A data register PADR R/(W)*2 H'00
H'FFD4 Port B data direction register PBDDR w H'00
H'FFD6 Port B data register PBDR R/(W)*2 H'00
H'FFAO TPC output mode register TPMR R/W H'FO
H'FFA1 TPC output control register TPCR R/W H'FF
H'FFA2 Next data enable register B NDERB R/W H'00
H'FFA3 Next data enable register A NDERA R/W H'00
H'FFA5/ Next data register A NDRA R/W H'00
H'FFA7*

H'FFA4 Next data register B NDRB R/W H'00
H'FFA6™

Notes: *1 Lower 16 bits of the address.

*2 Bits used for TPC output cannot be written.

*3 The NDRA address is H'FFA5 when the same output trigger is selected for TPC output
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NDRA
address is H'FFA7 for group 0 and H'FFAS5 for group 1. Similarly, the address of NDRB
is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by
settings in TPCR. When the output triggers are different, the NDRB address is H'FFA6
for group 2 and H'FFA4 for group 3.
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11.2  Register Descriptions

11.2.1  Port A Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that selects input or output for each pin in port A.

Bit 7 6 5 4 3 2 1 0
‘PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4 DDR‘ PA3DDR‘PA2 DDR‘ PA; DDR‘PAO DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W W W W W

Port A data direction 7 to 0

These bits select input or
output for port A pins

Port A is multiplexed with pins TP; to TPy. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 9.11, Port A.

11.2.2  Port A Data Register (PADR)

PADR is an 8-bit readable/writable register that stores TPC output data for groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA; ‘ PAg ‘ PA5 ‘ PA4 ‘ PA3 ‘ PA, ‘ PA; ‘ PAq ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)*  R/(W)* R/(W)* R/(W)y* R/(W)* R/(W)* R/(W)* R/(W)*
|
Port Adata7to 0

These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 9.11, Port A.
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11.2.3  Port B Data Direction Register (PBDDR)

PBDDR is an 8-bit write-only register that selects input or output for each pin in port B.

Bit 7 6 5 4 3 2 1 0

‘ PB7DDR‘ PBGDDR‘ PBs DDR‘ PB4 DDR‘ PBgDDR‘ PB» DDR‘ PB4 DDR‘ PBg DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port B data direction 7 to 0

These bits select input or
output for port B pins

Port B is multiplexed with pins TP,5 to TPg. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PBDDR, see section 9.12, Port B.

11.2.4  Port B Data Register (PBDR)

PBDR is an 8-bit readable/writable register that stores TPC output data for groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB7 ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB, ‘ PB4 ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)*  R/(W)* R/(W)* R/(W) R/(W)* R/(W)* R/(W)* R/(W)*
|
PortBdata7to 0

These bits store output data
for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 9.12, Port B.

Rev. 2.0, 02/03, page 410 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

11.2.5 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output groups
1 and 0 (pins TP; to TPy). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRA contents are transferred to the corresponding bits in PADR. The address of
NDRA differs depending on whether TPC output groups 0 and 1 have the same output trigger or
different output triggers.

NDRA is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are triggered by
the same compare match event, the NDRA address is H'FFAS. The upper 4 bits belong to group 1
and the lower 4 bits to group 0. Address H'FFA7 consists entirely of reserved bits that cannot be

modified and are always read as 1.

Address H'FFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data 3 to 0
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group 0
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
ad ad O O ad ‘ O O O
Initial value 1 1 1 1 1 1 1 1
Read/Write 0 0 0 a 0 0 a O

Reserved bits
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Different Triggers for TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are triggered
by different compare match events, the address of the upper 4 bits of NDRA (group 1) is HFFAS
and the address of the lower 4 bits (group 0) is HFFA?7. Bits 3 to 0 of address H'FFAS and bits 7
to 4 of address H'FFA7 are reserved bits that cannot be modified and are always read as 1.

Address H'FFA5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ O ‘ 0 O O
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W O | O a
Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
‘ O ‘ 0 ‘ O O ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write a 0 a a R/W R/W R/W R/W
Reserved bits Next data 3to 0

These bits store the next output
data for TPC output group 0
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11.2.6  Next Data Register B (NDRB)

NDRB is an 8-bit readable/writable register that stores the next output data for TPC output groups
3 and 2 (pins TP;5 to TPg). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRB contents are transferred to the corresponding bits in PBDR. The address of
NDRB differs depending on whether TPC output groups 2 and 3 have the same output trigger or

different output triggers.

NDRB is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by
the same compare match event, the NDRB address is H'FFA4. The upper 4 bits belong to group 3
and the lower 4 bits to group 2. Address H'FFAG6 consists entirely of reserved bits that cannot be

modified and are always read as 1.

Address HFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14 ‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDRS8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 15 to 12 Next data 11 to 8
These bits store the next output These bits store the next output
data for TPC output group 3 data for TPC output group 2
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
ad ad O O ad O O O
Initial value 1 1 1 1 1 1 1 1
Read/Write 0 0 0 a 0 0 a O

Reserved bits
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Different Triggers for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered
by different compare match events, the address of the upper 4 bits of NDRB (group 3) is HFFA4
and the address of the lower 4 bits (group 2) is HFFA®6. Bits 3 to 0 of address H'FFA4 and bits 7
to 4 of address H'FFAG6 are reserved bits that cannot be modified and are always read as 1.

Address HFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ O ‘ 0 ‘ O ‘ g ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W O | O a
Next data 15 to 12 Reserved bits

These bits store the next output
data for TPC output group 3

Address HFFA6
Bit 7 6 5 4 3 2 1 0
‘ d ‘ ] ‘ ] ‘ O ‘ NDR11 ‘NDR1O ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write ad O ] O R/W R/W R/W R/W
Reserved bits Next data 11 to 8

These bits store the next output
data for TPC output group 2
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11.2.7  Next Data Enable Register A (NDERA)

NDERA is an 8-bit readable/writable register that enables or disables TPC output groups 1 and 0
(TP, to TPy) on a bit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘ NDER7 ‘ NDERG‘ NDERS‘ NDER4 ‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0

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

Next data enable 7 to 0

These bits enable or disable
TPC output groups 1 and 0

If a bit is enabled for TPC output by NDERA, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRA value is automatically transferred to
the corresponding PADR bit, updating the output value. If TPC output is disabled, the bit value is
not transferred from NDRA to PADR and the output value does not change.

NDERA is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC
output groups 1 and 0 (TP, to TPy) on a bit-by-bit basis.

Bits 7 to 0:

NDER7 to NDERO Description

0 TPC outputs TP7 to TPy are disabled (Initial value)
(NDR7 to NDRO are not transferred to PA7 to PA)

1 TPC outputs TP7 to TP, are enabled

(NDR7 to NDRQO are transferred to PA7 to PAy)
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11.2.8 Next Data Enable Register B (NDERB)

NDERB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2
(TP,5 to TPg) on a bit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDER15‘ NDER14‘ NDER13‘ NDER12‘NDER11 ‘NDER10‘ NDER9 ‘ NDERS8 ‘
Initial value 0 0 0 0 0 0 0 0

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

Next data enable 15 to 8

These bits enable or disable
TPC output groups 3 and 2

If a bit is enabled for TPC output by NDERB, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferred to the
corresponding PBDR bit, updating the output value. If TPC output is disabled, the bit value is not
transferred from NDRB to PBDR and the output value does not change.

NDERRB is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15 to 8 (NDER1S5 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TP;s to TPg) on a bit-by-bit basis.

Bits 7 to 0:

NDER15 to NDERS Description

0 TPC outputs TP15 to TPg are disabled (Initial value)
(NDR15 to NDRS8 are not transferred to PB7 to PBg)

1 TPC outputs TP45 to TPs are enabled

(NDR15 to NDRS8 are transferred to PB7 to PBy)
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11.2.9  TPC Output Control Register (TPCR)

TPCR is an 8-bit readable/writable register that selects output trigger signals for TPC outputs on a
group-by-group basis.

Bit 7 6 5 4 3 2 1 0
(G3CMS1/G3CMS0| G2CMS 1 G2CMS0|G1CMS1/G1CMS0| GOCMS 1/GOCMSO

Initial value 1 1 1 1 1 1 1 1

ReadWrite = RW RW RW RW RW RW RW  RW

Group 3 compare
match select 1 and 0
These bits select

the compare match
event that triggers ~ CrOUP 2 compare

match select 1 and 0
(TTPPC Otl:)t?rupt g;oup 3 These bits select
15 12 the compare match
event that triggers  Group 1 compare
TPC output group 2 Match select 1 and 0
(TP44 to TPg) These bits select

the compare match G 0
event that triggers >roup U compare

TPC output group 1 Match select 1 and 0
(TP; to TP,) These bits select
the compare match
event that triggers
TPC output group 0
(TP3 to TPO )

TPCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CMS1, G3CMS0): These bits
select the compare match event that triggers TPC output group 3 (TP;s to TPy,).

Bit 7: G3CMS1 Bit 6: G3CMS0 Description

0 0 TPC output group 3 (TP15 to TP+2) is triggered by compare
match in ITU channel 0

1 TPC output group 3 (TP1s to TP12) is triggered by compare
match in ITU channel 1

1 0 TPC output group 3 (TP15 to TP+y) is triggered by compare
match in ITU channel 2

1 TPC output group 3 (TP1s5 to TP12) is triggered by compare

match in ITU channel 3 (Initial value)
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Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CMS1, G2CMS0): These bits
select the compare match event that triggers TPC output group 2 (TPy; to TPy).

Bit 5: G2CMS1 Bit 4: G2CMS0 Description
0 0 TPC output group 2 (TP+4 to TPs) is triggered by compare
match in ITU channel 0
1 TPC output group 2 (TP11 to TPs) is triggered by compare
match in ITU channel 1
1 0 TPC output group 2 (TP+4 to TPs) is triggered by compare

match in ITU channel 2

TPC output group 2 (TP+1 to TPs) is triggered by compare
match in ITU channel 3 (Initial value)

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CMS1, G1CMS0): These bits
select the compare match event that triggers TPC output group 1 (TP; to TP,).

Bit 3: G1ICMS1 Bit 2: G1ICMS0 Description
0 0 TPC output group 1 (TP7 to TP4) is triggered by compare
match in ITU channel O
1 TPC output group 1 (TP7 to TP4) is triggered by compare
match in ITU channel 1
1 0 TPC output group 1 (TP7 to TP4) is triggered by compare

match in ITU channel 2

TPC output group 1 (TP7 to TP4) is triggered by compare
match in ITU channel 3 (Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCMS1, GOCMSO0): These bits
select the compare match event that triggers TPC output group 0 (TP; to TPy).

Bit 1: GOCMS1 Bit 0: GOCMS0

Description

0 0

TPC output group 0 (TP3 to TPy) is triggered by compare
match in ITU channel O

TPC output group 0 (TP3 to TPy) is triggered by compare
match in ITU channel 1

TPC output group 0 (TP3 to TPy) is triggered by compare
match in ITU channel 2

TPC output group 0 (TP3 to TPy) is triggered by compare
match in ITU channel 3 (Initial value)
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11.2.10 TPC Output Mode Register (TPMR)

TPMR is an 8-bit readable/writable register that selects normal or non-overlapping TPC output for
each group.

Bit 7 6 5 4 3 2 1 0

ad ad ad O ‘ G3NOV ‘ G2NOV ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write d d O O R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TP;5)

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TP;4 to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP, to TP,)

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TP,)

The output trigger period of a non-overlapping TPC output waveform is set in general register B
(GRB) in the ITU channel selected for output triggering. The non-overlap margin is set in general
register A (GRA). The output values change at compare match A and B. For details see section
11.3.4, Non-Overlapping TPC Output.

TPMR is initialized to H'FO by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, always read as 1.
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Bit 3—Group 3 Non-Overlap (G3NOYV): Selects normal or non-overlapping TPC output for
group 3 (TPys to TPy,).

Bit 3: G3NOV

Description

0

Normal TPC output in group 3 (output values change at compare match A in
the selected ITU channel) (Initial value)

Non-overlapping TPC output in group 3 (independent 1 and 0 output at
compare match A and B in the selected ITU channel)

Bit 2—Group 2 Non-Overlap (G2NOYV): Selects normal or non-overlapping TPC output for
group 2 (TP, to TPy).

Bit 2: G2NOV

Description

0

Normal TPC output in group 2 (output values change at compare match A in
the selected ITU channel) (Initial value)

Non-overlapping TPC output in group 2 (independent 1 and 0 output at
compare match A and B in the selected ITU channel)

Bit 1—Group 1 Non-Overlap (GINOYV): Selects normal or non-overlapping TPC output for
group 1 (TP, to TP,).

Bit 1: GINOV Description

0 Normal TPC output in group 1 (output values change at compare match A in
the selected ITU channel) (Initial value)

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at

compare match A and B in the selected ITU channel)

Bit 0—Group 0 Non-Overlap (GONOYV): Selects normal or non-overlapping TPC output for
group 0 (TP; to TPy).

Bit 0: GONOV

Description

0

Normal TPC output in group 0 (output values change at compare match A in
the selected ITU channel) (Initial value)

Non-overlapping TPC output in group 0 (independent 1 and 0 output at
compare match A and B in the selected ITU channel)
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11.3  Operation

11.3.1 Overview

When corresponding bits in PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output
is enabled. The TPC output initially consists of the corresponding PADR or PBDR contents.
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit
contents are transferred to PADR or PBDR to update the output values.

Figure 11.2 illustrates the TPC output operation. Table 11.3 summarizes the TPC operating
conditions.

DDR NDER
Q Q
Output trigger signal
Cc
Internal
Q DR D Q NDR D" 4atabus
TPC output pin
Figure 11.2 TPC Output Operation
Table 11.3 TPC Operating Conditions
NDER DDR Pin Function
0 0 Generic input port
Generic output port
1 0 Generic input port (but the DR bit is a read-only bit, and when compare

match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

Sequential output of up to 16-bit patterns is possible by writing new output data to NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see section
11.3.4, Non-Overlapping TPC Output.
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11.3.2  Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output
when the selected compare match event occurs. Figure 11.3 shows the timing of these operations
for the case of normal output in groups 2 and 3, triggered by compare match A.

TCNT >< N >< N+ 1 ><

GRA N

Compare
match A signal

NDRB n
PBDR m >< N,
TPgto TPy5 m >< n

Figure 11.3 Timing of Transfer of Next Data Register Contents and Output (Example)
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11.3.3

Normal TPC Output

Sample Setup Procedure for Normal TPC Output: Figure 11.4 shows a sample procedure for
setting up normal TPC output.

ITU setup

Port and
TPC setup

ITU setup

Normal TPC output

Select GR functions

Set GRA value

Select counting operation

Select interrupt request

Set initial output data

Select port output

Enable TPC output

Select TPC output trigger

Set next TPC output data

Start counter

-

10

1"

Compare match?

Yes

Set next TPC output data

No

11

Set TIOR to make GRA an output compare
register (with output inhibited).

Set the TPC output trigger period.

Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
clear source with bits CCLR1 and CCLRO.
Enable the IMFA interrupt in TIER.

The DMAC can also be set up to transfer
data to the next data register.

Set the initial output values in the DR bits

of the input/output port pins to be used for
TPC output.

Set the DDR bits of the input/output port
pins to be used for TPC output to 1.

Set the NDER bits of the pins to be used for
TPC output to 1.

Select the ITU compare match event to be
used as the TPC output trigger in TPCR.

Set the next TPC output values in the NDR bits.

. Setthe STR bit to 1 in TSTR to start the

timer counter.

. At each IMFA interrupt, set the next output

values in the NDR bits.

Figure 11.4 Setup Procedure for Normal TPC Output (Example)
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 11.5 shows
an example in which the TPC is used for cyclic five-phase pulse output.

TCNT value Compare match

GRA

TPys

TPy

TPy,

TPy

The ITU channel to be used as the output trigger channel is set up so that GRA is an output compare
register and the counter will be cleared by compare match A. The trigger period is set in GRA.

The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt.

H’F8 is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMS0 are set in
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Output data H’80 is written in NDRB.

The timer counter in this ITU channel is started. When compare match A occurs, the NDRB contents
are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt service routine
writes the next output data (H'C0) in NDRB.

Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing
H'40, H'60, H’20, H’30, H'10, H’18, H’'08, H’88 at successive IMFA interrupts. If the DMAC is set for
activation by this interrupt, pulse output can be obtained without loading the CPU.

Figure 11.5 Normal TPC Output Example (Five-Phase Pulse Output)
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11.3.4  Non-Overlapping TPC Output

Sample Setup Procedure for Non-Overlapping TPC Output: Figure 11.6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

| Select GR functions | 1 1. Set TIOR to make GRA and GRB output
\ compare registers (with output inhibited).
| Set GR values | 5 2. Se(tj ttl:]e TPC outplut trigger pgri%dRiR GRB
and the non-overlap margin in .
ITU setup | Sel ‘ - | 3 3. Select the counter clock source with bits
elect counting operation TPSC2 to TPSCO in TCR. Select the counter
‘ clear source with bits CCLR1 and CCLRO.
| Select interrupt requests | 4 4. Enable the IMFA interrupt in TIER.
The DMAC can also be set up to transfer
— ‘ data to the next data register.
| Set initial output data | S 5. Set the initial output values in the DR bits
\ of the input/output port pins to be used for
| Set up TPC output | 6 TPC output.
[ 6. Set the DDR bits of the input/output port pins
| Enable TPC transfer | 7 to be used for TPC output to 1.
Port and ‘ 7. Set the NDER bits of the pins to be used for
TPC setup - TPC output to 1.
| Select TPC transfer trigger | 8 8. In TPCR, select the ITU compare match
‘ event to be used as the TPC output trigger.
| Select non-overlapping groups | 9 9. In TPMR, select the groups that will operate
\ in non-overlap mode.
10. Set th t TPC output val in the NDR
Set next TPC output data 10 bi(tes e nex output values In the
11. Set the STR bit to 1 in TSTR to start the timer
counter.
ITU setup Start counter 11 12. At each IMFA interrupt, write the next output

value in the NDR bits.

No
Compare match A?

Yes

Set next TPC output data 12

Figure 11.6 Setup Procedure for Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 11.7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse output.

TCNT value
GRB roNT AT AT
,,,,, e N A R N G e
GRA

0

H'0000 : , |
N : :

? S
roor o0 X 95 Xom) a8 (58 a0 38 )i o8 Yoe e ) )

= Non- -overlap margin

NDRB 95

T%'_'
e L]
" =
-

TPy

T P8 —v—l

TP1o

This operation example is described below.

The output trigger ITU channel is set up so that GRA and GRB are output compare registers and the
counter will be cleared by compare match B. The TPC output trigger period is set in GRB. The non-
overlap margin is set in GRA. The IMIEA bit is set to 1 in TIER to enable IMFA interrupts.

H’FF is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set
in TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Bits G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is
written in NDRB.

The timer counter in this ITU channel is started. When compare match B occurs, outputs change from
1to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRB.
Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H’56, H'95
at successive IMFA interrupts. If the DMAC is set for activation by this interrupt, pulse output can be
obtained without loading the CPU.

Figure 11.7 Non-Overlapping TPC Output Example
(Four-Phase Complementary Non-Overlapping Pulse Output)
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11.3.5 TPC Output Triggering by Input Capture

TPC output can be triggered by ITU input capture as well as by compare match. If GRA and GRB
functions as an input capture register in the ITU channel selected in TPCR, TPC output will be
triggered by the input capture signal. Figure 11.8 shows the timing.

TIOC pin i\

Input capture

signal
NDR N
DR M >< - N

Figure 11.8 TPC Output Triggering by Input Capture (Example)
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11.4  Usage Notes

11.4.1 Operation of TPC Output Pins

TPq to TP;5 are multiplexed with ITU, DMAC, address bus, and other pin functions. When ITU,
DMAC, or address output is enabled, the corresponding pins cannot be used for TPC output. The
data transfer from NDR bits to DR bits takes place, however, regardless of the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

11.4.2  Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as
follows.

1. NDR bits are always transferred to DR bits at compare match A.

2. At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred
if their value is 1.

Figure 11.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
- Internal
Q DR Dj= Q NDR D" yatabus

TPC output pin

Figure 11.9 Non-Overlapping TPC Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. NDR contents should not be altered during the interval from compare match B
to compare match A (the non-overlap margin).

This can be accomplished by having the IMFA interrupt service routine write the next data in
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before
the next compare match B occurs.

Figure 11.10 shows the timing relationships.

Compare
match A

Compare
match B

NDR

DR

NDR write

A X

0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
in this interval in this interval
Do not write Do not write
to NDR in this to NDR in this
interval interval

Figure 11.10 Non-Overlapping Operation and NDR Write Timing
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Section 12 Watchdog Timer

12.1 Overview

The H8/3048B Series has an on-chip watchdog timer (WDT). The WDT has two selectable
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as an
interval timer. As a watchdog timer, it generates a reset signal for the chip if a system crash allows
the timer counter (TCNT) to overflow before being rewritten. In interval timer operation, an
interval timer interrupt is requested at each TCNT overflow.

12.1.1  Features
WDT features are listed below.

* Selection of eight counter clock sources
@2, @32, @64, @128, @256, ¢/512, 2048, or 4096

¢ Interval timer option

¢ Timer counter overflow generates a reset signal or interrupt.
The reset signal is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

* The entire chip can be reset internally by a reset signal output from the watchdog timer.
The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire chip internally. In an H8/3048F-ONE (single power supply with flash memory), the
RESO pin acts as the FWE pin; no external reset signal can be output.
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12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the WDT.

Overflow Int |
nterna
—— TONT Read/ | data bus

Interrupt signal <+—— Interrupt write £ >

(interval timer) | control m— control
I
Internal clock sources

-~ 2

RSTCSR

-~ /32

-~ /64

Reset - Reset control

Clock
(internal, external)

Clock $/128
selector f«——— /256

- /512

. /2048

£3
. $/4096 RESO
|
Legend l
TCNT:  Timer counter
TCSR:  Timer control/status register
RSTCSR: Reset control/status register
Note: * Open-drain output pin
Figure 12.1 WDT Block Diagram
12.1.3  Pin Configuration
Output pins used by the WDT*! are shown in table 12.11.
Table 12.1 WDT Pins
Pin Name Abbreviation 1/0 Function
Reset output RESO Output*2 External output of watchdog timer reset signal

Notes: *1 Not provided in on-chip flash memory versions.
*2 Open-drain output pin
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12.1.4  Register Configuration
Table 12.2 summarizes the WDT registers.

Table 12.2 WDT Registers

*1
Address Abbre- Initial
Write*? Read Name viation R/W Value
H'FFA8 H'FFA8 Timer control/status register TCSR R/(W)"‘3 H'18
H'FFA9 Timer counter TCNT R/W H'00
H'FFAA H'FFAB Reset control/status register RSTCSR R/(W)’k3 H'3F
Notes: *1 Lower 16 bits of the address.
*2 Write word data starting at this address.
*3 Only 0 can be written in bit 7, to clear the flag.
12.2  Register Descriptions
12.2.1  Timer Counter (TCNT)
TCNT is an 8-bit readable and writable™ up-counter.
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

When the TME bit is set to 1 in TCSR, TCNT starts counting pulses generated from an internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF bit is set to 1 in TCSR. TCNT is initialized to H'00 by a reset and when

the TME bit is cleared to 0.

Note: * TCNT is write-protected by a password. For details see section 12.2.4, Notes on Register

Rewriting.
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12.2.2  Timer Control/Status Register (TCSR)

TCSR is an 8-bit readable and writable™ register. Its functions include selecting the timer mode
and clock source.

Note: * TCSR differs from other registers in being more difficult to write. For details see section
12.2.4, Notes on Register Rewriting.

Bit 7 6 5 4 3 2 1 0

\ OVF \ WT/W‘ TME \ O 0O \ CKS2 \ CKS1 \ CKSO0
Initial value 0 0 0 1 1 0 0 0
Read/Write  R/(W)* R/W R/W O O R/W R/W R/W

Clock select
These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

Note: * Only 0 can be written, to clear the flag.

Bits 7 to 5 are initialized to 0 by a reset and in standby mode. Bits 2 to 0 are initialized to 0 by a
reset. In software standby mode bits 2 to 0 are not initialized, but retain their previous values.

Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed
from H'FF to H'00.

Bit 7: OVF Description

0 [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing 0 in OVF  (Initial value)

1 [Setting condition]
Set when TCNT changes from H'FF to H'00
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Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as a watchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
when TCNT overflows. If used as a watchdog timer, the WDT generates a reset signal when
TCNT overflows.

Bit 6: WT/IT Description
0 Interval timer: requests interval timer interrupts (Initial value)
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

When WT/IT = 1, clear the SYSCR software standby bit (SSBY) to 0, then set the TME to 1.
When SSBY is set to 1, clear TME to 0.

Bit 5: TME Description
0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting and CPU interrupt requests are enabled

Bits 4 and 3—Reserved: Read-only bits, always read as 1.

Bits 2 to 0—Clock Select 2 to 0 (CKS2/1/0): These bits select one of eight internal clock sources,
obtained by prescaling the system clock (@), for input to TCNT.

Bit 2: CKS2 Bit 1: CKS1 Bit 0: CKS0 Description
0 0 0 @2 (Initial value)
1 @32
1 0 @64
1 @128
1 0 0 @256
1 @512
1 0 2048
1 4096
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12.2.3  Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-bit readable and writable register that indicates when a reset signal has been
generated by watchdog timer overflow, and controls external output of the reset signal.

Bit 7 6 5 4 3 2 1 0
WRST |RsTOE| — | — | — | — | — | — |
Initial value 0 0 1 1 1 1 1 1

*

Read/Write R/(W) R/W — — — — — —

Reserved bits

Reset output enable
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: The method for writing to RSTCSR is different from that for general registers to prevent
inadvertent overwriting. For details see section 12.2.4, Notes on Register Rewriting.
* Only 0 can be written in bit 7, to clear the flag.

Bits 7 and 6 are initialized by input of a reset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.

Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that
TCNT has overflowed and generated a reset signal. This reset signal resets the entire chip
internally. If bit RSTOE is set to 1, this reset signal is also output (low) at the RESO pin to
initialize external system devices. Note that there is no RESO pin in the versions with on-chip
flash memory.

Bit 7
WRST Description
0 [Clearing conditions]
+  Reset signal at RES pin.
e Read WRST when WRST = 1, then write 0 in WRST. (Initial value)
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer operation
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Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of
the reset signal generated if TCNT overflows during watchdog timer operation. Note that there is
no RESO pin in the versions with on-chip flash memory.

Bit 6

RESTOE Description

0 Reset signal is not output externally (Initial value)
1 Reset signal is output externally

Bits 5 to 0—Reserved: These bits cannot be modified and are always read as 1.

12.2.4  Notes on Register Rewriting

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registers in being
more difficult to write. The procedures for writing and reading these registers are given below.

Writing to TCNT and TCSR: These registers must be written by a word transfer instruction.
They cannot be written by byte instructions. Figure 12.2 shows the format of data written to
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be
contained in the lower byte of the written word. The upper byte must contain H'SA (password for
TCNT) or H'AS (password for TCSR). This transfers the write data from the lower byte to TCNT
or TCSR.

TCNT write 15 8 7 0
Address H'FFA8* | H'5A ‘ Write data |

TCSR write 15 8 7 0
Address H'FFA8* | H'A5 ‘ Write data |

Note: * Lower 16 bits of the address.

Figure 12.2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by a word transfer instruction. It cannot be
written by byte transfer instructions. Figure 12.3 shows the format of data written to RSTCSR. To
write 0 in the WRST bit, the write data must have H'AS5 in the upper byte and H'00 in the lower
byte. The H'00 in the lower byte clears the WRST bit in RSTCSR to 0. To write to the RSTOE bit,
the upper byte must contain H'SA and the lower byte must contain the write data. Writing this
word transfers a write data value into the RSTOE bit.

Writing 0 in WRST bit 15 8 7 0
Address ~ HFFAA* | H'A5 ‘ H'00 |
Writing to RSTOE bit 15 8 7 0
Address H FFAA* | H'5A ‘ Write data |

Note: * Lower 16 bits of the address.

Figure 12.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: These registers are read like other registers. Byte access
instructions can be used. The read addresses are HFFAS for TCSR, H'FFA9 for TCNT, and
H'FFAB for RSTCSR, as listed in table 12.3.

Table 12.3 Read Addresses of TCNT, TCSR, and RSTCSR

Address™ Register
H'FFA8 TCSR
H'FFA9 TCNT
H'FFAB RSTCSR

Note: * Lower 16 bits of the address.
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12.3  Operation

Operations when the WDT is used as a watchdog timer and as an interval timer are described
below.

12.3.1 Watchdog Timer Operation

Figure 12.4 illustrates watchdog timer operation. To use the WDT as a watchdog timer, set the
WT/IT and TME bits to 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT value (normally by writing H'00) before overflow occurs. If TCNT fails to be rewritten and
overflows due to a system crash etc., the chip is internally reset for a duration of 518 states.

The watchdog reset signal can be externally output from the RESO pin to reset external system
devices. The reset signal is output externally for 132 states. External output can be enabled or
disabled by the RSTOE bit in RSTCSR. Note that there is no RESO pin in the versions with on-
chip flash memory.

A watchdog reset has the same vector as a reset generated by input at the RES pin. Software can
distinguish a RES reset from a watchdog reset by checking the WRST bit in RSTCSR.

If a RES reset and a watchdog reset occur simultaneously, the RES reset takes priority.

WDT overflow
H'FF
TCNT count
value
H00
Start H’00 written Reset H’00 written
int | in TCNT in TCNT
nterna
reset signal
518 states

Feso |
-

132 states

Figure 12.4 Watchdog Timer Operation
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12.3.2  Interval Timer Operation

Figure 12.5 illustrates interval timer operation. To use the WDT as an interval timer, clear bit
WTIT to 0 and set bit TME to 1 in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. This function can be used to generate interval timer interrupts at regular
intervals.

HFF
TCNT
count value
H00
WT/IT=0 Interval Interval Interval Interval
TME =1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure 12.5 Interval Timer Operation

12.3.3  Timing of Setting of Overflow Flag (OVF)

Figure 12.6 shows the timing of setting of the OVF flag in TCSR. The OVF flag is set to 1 when
TCNT overflows. At the same time, a reset signal is generated in watchdog timer operation, or an
interval timer interrupt is generated in interval timer operation.

; | N

TCNT H'FF >< H’00

Overflow signal

\

OVF

Figure 12.6 Timing of Setting of OVF
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12.3.4  Timing of Setting of Watchdog Timer Reset Bit (WRST)
The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR.

Figure 12.7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is
set to | when TCNT overflows and OVF is set to 1. At the same time an internal reset signal is
generated for the entire chip. This internal reset signal clears OVF to 0, but the WRST bit remains
set to 1. The reset routine must therefore clear the WRST bit.

0 | L

TCNT HFF >< H’00

Overflow signal

OVF

WDT internal
reset

WRST

Figure 12.7 Timing of Setting of WRST Bit and Internal Reset
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12.4  Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOVI). The
interval timer interrupt is requested whenever the OVF bit is set to 1 in TCSR.

12.5  Usage Notes

Contention between TCNT Write and Increment: If a timer counter clock pulse is generated
during the T; state of a write cycle to TCNT, the write takes priority and the timer count is not
incremented. See figure 12.8.

Write cycle: CPU writes to TCNT

TCNT

Internal write
signal

TCNT input
clock

TCNT N M

Iy

k-

Counter write data

Figure 12.8 Contention between TCNT Write and Increment

Changing CKS2 to CKS0 Values: Halt TCNT by clearing the TME bit to 0 in TCSR before
changing the values of bits CKS2 to CKSO0.
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12.6 Notes

This chip incorporates an WDT. The timer counter value of the on-chip WDT is not rewritten,
even if a system crash occurs. If an overflow occurs, a reset signal is generated and the chip is
reset.

However, if the following three events occur due to a CPU overrun, for example, the above
operations cannot be guaranteed since the WDT and the CPU are incorporated in the same chip.

e When the internal I/O registers related to the on-chip WDT are rewritten.
*  When software standby mode is incorrectly entered.

e When the break mode is incorrectly entered.

In addition, as stated in the NMI above, if an abnormal level is input into the power supply pins or
the system control pins, correct operations cannot be guaranteed.

Except the above cases, the on-chip WDT functions as a device that supports recovery from a
system crash. Accordingly, when a fail-safe function is required in your system, an additional
circuit may be required as necessary.
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Section 13 Serial Communication Interface

13.1 Overview

The H8/3048B Series has a serial communication interface (SCI) with two independent channels.
The two channels are functionally identical. The SCI can communicate in asynchronous or
synchronous mode. It also has a multiprocessor communication function for serial communication
among two Or more processors.

When the SCI is not used, it can be halted to conserve power. Each SCI channel can be halted
independently. For details see section 20.6, Module Standby Function.

Channel 0 (SCI0) also has a smart card interface function conforming to the ISO/IEC7816-3
(Identification Card) standard. This function supports serial communication with a smart card. For
details, see section 14, Smart Card Interface.

13.1.1 Features
SCI features are listed below.

¢ Selection of asynchronous or synchronous mode for serial communication
O Asynchronous mode

Serial data communication is synchronized one character at a time. The SCI can
communicate with a universal asynchronous receiver/transmitter (UART), asynchronous
communication interface adapter (ACIA), or other chip that employs standard
asynchronous serial communication. It can also communicate with two or more other
processors using the multiprocessor communication function. There are twelve selectable
serial data communication formats.

e Data length: 7 or 8 bits

* Stop bit length: 1 or 2 bits

* Parity bit: even, odd, or none

*  Multiprocessor bit: 1 or 0

* Receive error detection: parity, overrun, and framing errors

* Break detection: by reading the RxD level directly when a framing error occurs
[0 Synchronous mode

Serial data communication is synchronized with a clock signal. The SCI can communicate
with other chips having a synchronous communication function. There is one serial data
communication format.

* Data length: 8 bits

* Receive error detection: overrun errors
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* Full duplex communication
The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneously. The transmitting and receiving sections are both double-buffered, so serial
data can be transmitted and received continuously.

* Built-in baud rate generator with selectable bit rates

* Selectable transmit/receive clock sources: internal clock from baud rate generator, or external
clock from the SCK pin.

* Four types of interrupts
Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are requested
independently. The transmit-data-empty and receive-data-full interrupts from SCIO can
activate the DMA controller (DMAC) to transfer data.
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13.1.2

Block Diagram

Figure 13.1 shows a block diagram of the SCI.

8 | Internal
£ | data bus
Module data bus _~°E-'3 >
(2]
=]
y S
| RDR | | TDR | SSR | BRR —
(1 V! SCR B
ReD—| RsR | [] TSR SMR Baud rate [« ¢/4
Transmit/ generator ~— ¢/16
i trol
. receive contro -~ 4/64
Parity generate t Clock
Parity check External clock
SCK -
= TEI
= TXI
= RXI
 ERI
Legend
RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register

Figure 13.1 SCI Block Diagram
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13.1.3

Input/Output Pins

The SCI has serial pins for each channel as listed in table 13.1.

Table 13.1 SCI Pins

Channel Name Abbreviation 1/0 Function

0 Serial clock pin SCKo Input/output SClp clock input/output
Receive data pin RxDo Input SClp receive data input
Transmit data pin TxDo Output SClp transmit data output

1 Serial clock pin SCK; Input/output SCl4 clock input/output
Receive data pin RxD1 Input SCl4 receive data input
Transmit data pin TxD1 Output SCl4 transmit data output

13.1.4  Register Configuration

The SCI has internal registers as listed in table 13.2. These registers select asynchronous or
synchronous mode, specify the data format and bit rate, and control the transmitter and receiver

sections.

Table 13.2 Registers

Channel Address™ Name Abbreviation R/W Initial Value

0 H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR R/(W)"‘2 H'84
H'FFB5 Receive data register RDR R H'00

1 H'FFB8 Serial mode register SMR R/W H'00
H'FFB9 Bit rate register BRR R/W H'FF
H'FFBA Serial control register SCR R/W H'00
H'FFBB Transmit data register TDR R/W H'FF
H'FFBC Serial status register SSR R/(W)*2 H'84
H'FFBD Receive data register RDR R H'00

Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, to clear flags.
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13.2  Register Descriptions

13.2.1  Receive Shift Register (RSR)

RSR is the register that receives serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write O g g U O | g U

The SCI loads serial data input at the RxD pin into RSR in the order received, LSB (bit 0) first,
thereby converting the data to parallel data. When 1 byte has been received, it is automatically
transferred to RDR. The CPU cannot read or write RSR directly.

13.2.2  Receive Data Register (RDR)

RDR is the register that stores received serial data.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

When the SCI finishes receiving 1 byte of serial data, it transfers the received data from RSR into
RDR for storage. RSR is then ready to receive the next data. This double buffering allows data to
be received continuously.

RDR is a read-only register. Its contents cannot be modified by the CPU. RDR is initialized to
H'00 by a reset and in standby mode.
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13.2.3  Transmit Shift Register (TSR)

TSR is the register that transmits serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write O g g U O | g U

The SCI loads transmit data from TDR into TSR, then transmits the data serially from the TxD
pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next
transmit data from TDR into TSR and starts transmitting it. If the TDRE flag is set to 1 in SSR,
however, the SCI does not load the TDR contents into TSR. The CPU cannot read or write TSR
directly.

13.2.4  Transmit Data Register (TDR)

TDR is an 8-bit register that stores data for serial transmission.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

When the SCI detects that TSR is empty, it moves transmit data written in TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit data in TDR during serial transmission from TSR.

The CPU can always read and write TDR. TDR is initialized to H'FF by a reset and in standby
mode.
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13.2.5  Serial Mode Register (SMR)

SMR is an 8-bit register that specifies the SCI serial communication format and selects the clock
source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0
| CA | CHR | PE | OE | STOP | MP | CKS1 | CKSO |
Initial value 0 0 0 0 0 0 0 0

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

|
Clock select 1/0
These bits select the
baud rate generator s
clock source

Multiprocessor mode
Selects the multiprocessor
function

Stop bit length
Selects the stop bit length

Parity mode
Selects even or odd parity

Parity enable
Selects whether a parity bit is added

Character length
Selects character length in asynchronous mode

Communication mode
Selects asynchronous or synchronous mode

The CPU can always read and write SMR. SMR is initialized to H'00 by a reset and in standby
mode.

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or
synchronous mode.

Bit 7: C/A Description
0 Asynchronous mode (Initial value)
1 Synchronous mode

Rev. 2.0, 02/03, page 451 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data length in asynchronous mode. In
synchronous mode the data length is 8 bits regardless of the CHR setting.

Bit 6: CHR Description
0 8-bit data (Initial value)
1 7-bit data™

Note: * When 7-bit data is selected, the MSB (bit 7) in TDR is not transmitted.

Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous mode
the parity bit is neither added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked™

Note: *When PE is set to 1, an even or odd parity bit is added to transmit data according to the
even or odd parity mode selected by the O/E bit, and the parity bit in receive data is
checked to see that it matches the even or odd mode selected by the O/E bit.

Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E bit setting is valid in
asynchronous mode when the PE bit is set to 1 to enable the adding and checking of a parity bit.
The O/E setting is ignored in synchronous mode, or when parity adding and checking is disabled
in asynchronous mode.

Bit 4: O/E Description
0 Even parity™' (Initial value)
1 Odd parity™?

Notes: *1 When even parity is selected, the parity bit added to transmit data makes an even
number of 1s in the transmitted character and parity bit combined. Receive data must
have an even number of 1s in the received character and parity bit combined.

*2 When odd parity is selected, the parity bit added to transmit data makes an odd number
of 1s in the transmitted character and parity bit combined. Receive data must have an
odd number of 1s in the received character and parity bit combined.
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Bit 3—Stop Bit Length (STOP): Selects one or two stop bits in asynchronous mode. This setting
is used only in asynchronous mode. In synchronous mode no stop bit is added, so the STOP bit
setting is ignored.

Bit 3: STOP Description
0 One stop bit*’ (Initial value)
1 Two stop bits™*?

Notes: *1 One stop bit (with value 1) is added at the end of each transmitted character.
*2 Two stop bits (with value 1) are added at the end of each transmitted character.

In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bit is 1 it is treated as a stop bit. If the second stop bit is 0 it is treated as the start bit of the
next incoming character.

Bit 2—Multiprocessor Mode (MP): Selects a multiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit setting is
valid only in asynchronous mode. It is ignored in synchronous mode.

For further information on the multiprocessor communication function, see section 13.3.3,
Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1/0): These bits select the clock source of the on-chip
baud rate generator. Four clock sources are available: @, ¢4, ¢/16, and @/64.

For the relationship between the clock source, bit rate register setting, and baud rate, see section
13.2.8, Bit Rate Register (BRR).

Bit 1: CKS1 Bit 0: CKSO Description

0 0 [0} (Initial value)
1 @4

1 0 @16
1 @64
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13.2.6  Serial Control Register (SCR)

SCR enables the SCI transmitter and receiver, enables or disables serial clock output in
asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock source.

Bit 7 6 5 4 3 2 1 0
‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0

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

Clock enable 1/0

These bits select the
SCI clock source

Transmit-end interrupt enable
Enables or disables transmit-
end interrupts (TEI)

Multiprocessor interrupt enable
Enables or disables multiprocessor
interrupts

Receive enable
Enables or disables the receiver

Transmit enable
Enables or disables the transmitter

Receive interrupt enable
Enables or disables receive-data-full interrupts (RXI) and
receive-error interrupts (ERI)

Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TXI)

The CPU can always read and write SCR. SCR is initialized to H'00 by a reset and in standby
mode.
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Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXT) requested when the TDRE flag in SSR is set to 1 due to transfer of serial transmit data from
TDR to TSR.

Bit 7: TIE Description
0 Transmit-data-empty interrupt request (TXI) is disabled™ (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * TXI interrupt requests can be cleared by reading the value 1 from the TDRE flag, then
clearing it to O; or by clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RXI)
requested when the RDRF flag is set to 1 in SSR due to transfer of serial receive data from RSR to
RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6: RIE Description

0 Receive-data-full (RXl) and receive-error (ERI) interrupt requests are disabled™
(Initial value)

1 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are enabled

Note: * RXI and ERI interrupt requests can be cleared by reading the value 1 from the RDRF, FER,
PER, or ORER flag, then clearing it to 0; or by clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations.

Bit 5: TE Description
0 Transmitting disabled™' (Initial value)
1 Transmitting enabled*?

Notes: *1 The TDRE bit is locked at 1 in SSR.

*2 In the enabled state, serial transmitting starts when the TDRE bit in SSR is cleared to 0
after writing of transmit data into TDR. Select the transmit format in SMR before setting
the TE bit to 1.

Bit 4—Receive Enable (RE): Enables or disables the start of SCI serial receiving operations.

Bit 4: RE Description
0 Receiving disabled™’ (Initial value)
1 Receiving enabled*?

Notes: *1 Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags. These
flags retain their previous values.
*2 In the enabled state, serial receiving starts when a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode. Select the receive format
in SMR before setting the RE bit to 1.
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Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE setting is valid only in asynchronous mode, and only if the MP bit is set to 1 in SMR.
The MPIE setting is ignored in synchronous mode or when the MP bit is cleared to 0.

Bit 3: MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)
[Clearing conditions]
The MPIE bit is cleared to 0.
MPB = 1 in received data.

1 Multiprocessor interrupts are enabled™

Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of
the RDRF, FER, and ORER status flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive errors,
and does not set the RDRF, FER, and ORER flags in SSR. When it receives data in which
MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the MPIE bit to 0,
enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCR), and allows the FER and
ORER flags to be set.

Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt requests (TEI) are disabled™ (Initial value)
1 Transmit-end interrupt requests (TEI) are enabled®

Note: * TEIl interrupt requests can be cleared by reading the value 1 from the TDRE flag in SSR,
then clearing the TDRE flag to 0, thereby also clearing the TEND flag to O; or by clearing
the TEIE bit to 0.
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Bits 1 and 0—Clock Enable 1 and 0 (CKE1/0): These bits select the SCI clock source and
enable or disable clock output from the SCK pin. Depending on the settings of CKE1 and CKEO,
the SCK pin can be used for generic input/output, serial clock output, or serial clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI is internally
clocked (CKE1 = 0). The CKEDO setting is ignored in synchronous mode, or when an external
clock source is selected (CKE1 = 1). Select the SCI operating mode in SMR before setting the
CKEI1 and CKEQO bits. For further details on selection of the SCI clock source, see table 13.9 in

section 13.3, Operation.

Bit 1: Bit 0:
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock, SCK pin available for generic
input/output *'
Synchronous mode Internal clock, SCK pin used for serial clock output *
1 Asynchronous mode Internal clock, SCK pin used for clock output*2
Synchronous mode Internal clock, SCK pin used for serial clock output
1 0 Asynchronous mode  External clock, SCK pin used for clock input 3
Synchronous mode External clock, SCK pin used for serial clock input
1 Asynchronous mode  External clock, SCK pin used for clock input 3

Synchronous mode

External clock, SCK pin used for serial clock input

Notes: *1 Initial value

*2 The output clock frequency is the same as the bit rate.
*3 The input clock frequency is 16 times the bit rate.
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13.2.7  Serial Status Register (SSR)

SSR is an 8-bit register containing multiprocessor bit values, and status flags that indicate SCI
operating status.

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Multiprocessor
bit transfer
Value of multi-
processor bit to
be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

Transmit end
Status flag indicating end of
transmission

Parity error
Status flag indicating detection of
a receive parity error

Framing error
Status flag indicating detection of a receive
framing error

Overrun error
Status flag indicating detection of a receive overrun error

Receive data register full
Status flag indicating that data has been received and stored in RDR

Transmit data register empty
Status flag indicating that transmit data has been transferred from TDR into
TSR and new data can be written in TDR

Note: * Only 0 can be written, to clear the flag.

The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER,
and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1. The
TEND and MPB flags are read-only bits that cannot be written.

SSR is initialized to H'84 by a reset and in standby mode.
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Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data
from TDR into TSR and the next serial transmit data can be written in TDR.

Bit 7: TDRE

Description

0

TDR contains valid transmit data

[Clearing conditions]

Software reads TDRE while it is set to 1, then writes 0.
The DMAC writes data in TDR.

TDR does not contain valid transmit data (Initial value)
[Setting conditions]

The chip is reset or enters standby mode.

The TE bit in SCR is cleared to 0.

TDR contents are loaded into TSR, so new data can be written in TDR.

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6: RDRF

Description

0

RDR does not contain new receive data (Initial value)
[Clearing conditions]

The chip is reset or enters standby mode.

Software reads RDRF while it is set to 1, then writes 0.

The DMAC reads data from RDR.

RDR contains new receive data
[Setting condition]
When serial data is received normally and transferred from RSR to RDR.

Note: The RDR contents and RDRF flag are not affected by detection of receive errors or by
clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF flag is still
set to 1 when reception of the next data ends, an overrun error occurs and receive data is

lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an

overrun €rror.

Bit 5: ORER

Description

0

Receiving is in progress or has ended normally (Initial value)’k1

[Clearing conditions]
The chip is reset or enters standby mode.

Software reads ORER while it is set to 1, then writes 0.

A receive overrun error occurred*?
[Setting condition]
Reception of the next serial data ends when RDRF = 1.

Notes: *1 Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains its
previous value.
*2 RDR continues to hold the receive data before the overrun error, so subsequent receive
data is lost. Serial receiving cannot continue while the ORER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to a framing
error in asynchronous mode.

Bit 4: FER

Description

0

Receiving is in progress or has ended normally (Initial value)*1
[Clearing conditions]
The chip is reset or enters standby mode.

Software reads FER while it is set to 1, then writes 0.

A receive framing error occurred™
[Setting condition]
The stop bit at the end of receive data is checked and found to be 0.

Notes: *1 Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous

value.

*2 When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is not
checked. When a framing error occurs the SCI transfers the receive data into RDR but
does not set the RDRF flag. Serial receiving cannot continue while the FER flag is set
to 1. In synchronous mode, serial transmitting is also disabled.
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Bit 3—Parity Error (PER): Indicates that data reception ended abnormally due to a parity error
in asynchronous mode.

Bit 3: PER

Description

0

Receiving is in progress or has ended normally’k1 (Initial value)
[Clearing conditions]
The chip is reset or enters standby mode.

Software reads PER while it is set to 1, then writes 0.

A receive parity error occurred™?
[Setting condition]

The number of 1s in receive data, including the parity bit, does not match the
even or odd parity setting of O/E in SMR.

Notes: *1 Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains its previous

value.

*2 When a parity error occurs the SCI transfers the receive data into RDR but does not set
the RDREF flag. Serial receiving cannot continue while the PER flag is set to 1. In
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted TDR did not contain new transmit data, so transmission has ended. The TEND flag is
a read-only bit and cannot be written.

Bit 2: TEND

Description

0

Transmission is in progress

[Clearing conditions]

Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag.
The DMAC writes data in TDR.

End of transmission (Initial value)
[Setting conditions]

The chip is reset or enters standby mode.

The TE bit is cleared to 0 in SCR.

TDRE is 1 when the last bit of a serial character is transmitted.

Rev. 2.0, 02/03, page 461 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is used in asynchronous mode. MPB is a read-only bit and cannot
be written.

Bit 1: MPB Description
0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: *If the RE bit is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value.

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode.

The MPBT setting is ignored in synchronous mode, when a multiprocessor format is not selected,
or when the SCI is not transmitting.

Bit 0: MPBT Description
0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1

13.2.8  Bit Rate Register (BRR)

BRR is an 8-bit register that, together with the CKS1 and CKSO0 bits in SMR that select the baud
rate generator clock source, determines the serial communication bit rate.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The CPU can always read and write BRR. BRR is initialized to H'FF by a reset and in standby
mode. The two SCI channels have independent baud rate generator control, so different values can
be set in the two channels.

Table 13.3 shows examples of BRR settings in asynchronous mode. Table 13.4 shows examples of
BRR settings in synchronous mode.
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Table 13.3 Examples of Bit Rates and BRR Settings in Asynchronous Mode

@ (MHz)
2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212  0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127  0.00 0 155 0.16
1200 0 51 0.16 0 54 -070 O 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -248 0 15 0.00 0 19 -2.34
9600 0 6 -699 0 6 —2.48 0 7 0.00 0 9 -2.34
19200 0 2 8.51 0 2 13.78 0 3 0.00 0 4 -2.34
31250 0 1 0.00 0 1 4.86 0 1 2288 0 2 0.00
38400 0 1 -18.62 0 1 -14.67 O 1 0.00 — — —
@ (MHz)
3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127  0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127  0.00 0 129 0.16
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 0 -6.99 0 7 0.00 0 7 1.73
31250 —_ — — 0 0.00 0 -170 O 0.00
38400 0 2 0.00 0 8.51 0 3 0.00 0 3 1.73
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@ (MHz)

6.144 7.3728
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 044 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191  0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 -234 0 0.00 0 11 0.00 0 12 0.16
31250 0 0.00 0 2.40 0 6 5.33 0 7 0.00
38400 0 -234 0 0.00 0 5 0.00 0 6 —6.99
@ (MHz)
9.8304 10 12 12.288

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 025 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 127  0.00 0 129 0.16 0 155 0.16 0 159 0.00
4800 0 63 0.00 0 64 0.16 0 77 0.16 0 79 0.00
9600 0 31 0.00 0 32 -136 O 38 0.16 0 39 0.00
19200 0 15 0.00 0 15 1.73 0 19 -234 0 19 0.00
31250 0 9 -170 O 9 0.00 0 11 0.00 0 11 2.40
38400 0 7 0.00 0 7 1.73 0 9 -234 0 9 0.00
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@ (MHz)

13 14 14.7456 16
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 230 -0.08 2 248 -0.17 3 64 0.70 3 70 0.03
150 2 168 0.16 2 181 0.16 2 191  0.00 2 207 0.16
300 2 84 -043 2 90 0.16 2 95 0.00 2 103 0.16
600 1 168 0.16 1 181 0.16 1 191  0.00 1 207 0.16
1200 1 84 -0.43 1 90 0.16 1 95 0.00 1 103 0.16
2400 0 168 0.16 0 181 0.16 0 191 0.00 0 207 0.16
4800 0 84 -043 O 90 0.16 0 95 0.00 0 103 0.16
9600 0 41 0.76 0 45 -093 O 47 0.00 0 51 0.16
19200 0 20 0.76 0 22 -093 0 23 0.00 0 25 0.16
31250 0 12 0.00 0 13 0.00 0 14 -170 O 15 0.00
38400 0 10 -382 0 10 3.57 0 11 0.00 0 12 0.16
@ (MHz)
18 20 25
Bit Rate Error Error Error
(bits/s) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 88 -0.25 3 110 -0.02
150 2 233 0.16 3 64 0.16 3 80 -0.47
300 2 116 0.16 2 129 0.16 2 162 0.15
600 1 233 0.16 2 64 0.16 2 80 -0.47
1200 1 116 0.16 1 129 0.16 1 162 0.15
2400 0 233 0.16 1 64 0.16 1 80 -0.47
4800 0 116 0.16 0 129 0.16 0 162 0.15
9600 0 58 -069 O 64 0.16 0 80 -0.47
19200 0 28 1.02 0 32 -1.36 0 40 -0.76
31250 0 17 0.00 0 19 0.00 0 24 0.00
38400 0 14 -234 0 15 1.73 0 19 1.73
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Table 13.4 Examples of Bit Rates and BRR Settings in Synchronous Mode

@ (MHz)
Bit Rate 2 4 8 10 13 16 18 20 25
(bits/s) n N n N n N n N n N n N n N n N n N
110 3 M —— —— - - - - = - = — —
250 2 124 2 249 3 124 — — 3 202 3 249 — — — — — —
500 1 249 2 124 2 249 — — 3 101 3 124 3 140 3 155 — —
1k 1 124 1 249 2 124 — — 2 202 2 249 3 69 3 77 3 97
25k 0 199 1 99 1 199 1 249 2 80 2 99 2 112 2 124 2 155
5k 0 99 0 199 1 99 1 124 1 162 1 199 1 224 1 249 2 77
10 k 0 499 0 99 0 199 0 249 1 80 1 99 1 112 1 124 1 155
25k 0 19 0 39 0 79 0 99 0 129 0 159 0 179 0 199 0 249
50 k 0 9 0 19 0 39 0 49 0 64 0 79 0 8 0 99 0 124
100k 0 4 0 9 0 19 0 24 — — 0 39 0 44 0 49 0 62
250k 0 1 0 3 0 0 9 0 12 0 15 0 17 0 19 0 24
500k 0 0% 0 1 0 3 0 — — 0 0 8 0 9 — —
1M 00" 01 —— —— 0 0 4 0 — —
2M 00 —— —— 01 ——= — = — —
25M —— 00 —= - - e - = ==
4M 0 0 — — — = — —
Note: Settings with an error of 1% or less are recommended.

Legend

Blank: No setting available
— Setting possible, but error occurs

*: Continuous transmit/receive not possible
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The BRR setting is calculated as follows:

Asynchronous mode:

N=—— 0 g8t
64 x 2201« B
Synchronous mode:
f
= . 6
N 5. 2271 B 10°- 1

B: Bit rate (bits/s)

N: BRR setting for baud rate generator (0 < N < 255)

¢ System clock frequency (MHz)

n: Baud rate generator clock source (n =0, 1, 2, 3)

(For the clock sources and values of n, see the following table.)

SMR Settings
n Clock Source CKS1 CKSO0
0 [0) 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows.

¢ x 106

Error (%) = {

(N +1) x B x 64 x 2201

RENESAS

—1} x 100
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Table 13.5 indicates the maximum bit rates in asynchronous mode for various system clock
frequencies. Tables 13.6 and 13.7 indicate the maximum bit rates with external clock input.

Table 13.5 Maximum Bit Rates for Various Frequencies (Asynchronous Mode)

Settings
@ (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
49152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
20 625000 0 0
25 781250 0 0
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Table 13.6

Maximum Bit Rates with External Clock Input (Asynchronous Mode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
20 5.0000 312500
25 6.2500 390625

RENESAS
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Table 13.7 Maximum Bit Rates with External Clock Input (Synchronous Mode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3
25 4.1667 4166666.7
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13.3  Operation

13.3.1 Overview

The SCI has an asynchronous mode in which characters are synchronized individually, and a
synchronous mode in which communication is synchronized with clock pulses. Serial
communication is possible in either mode. Asynchronous or synchronous mode and the
communication format are selected in SMR, as shown in table 13.8. The SCI clock source is
selected by the C/A bit in SMR and the CKE1 and CKEO bits in SCR, as shown in table 13.9.

Asynchronous Mode

Data length is selectable: 7 or 8 bits.

Parity and multiprocessor bits are selectable. So is the stop bit length (1 or 2 bits). These
selections determine the communication format and character length.

In receiving, it is possible to detect framing errors, parity errors, overrun errors, and the break
state.

An internal or external clock can be selected as the SCI clock source.

0 When an internal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with a frequency matching the bit rate.

00 When an external clock is selected, the external clock input must have a frequency 16 times
the bit rate. (The on-chip baud rate generator is not used.)

Synchronous Mode

The communication format has a fixed 8-bit data length.

In receiving, it is possible to detect overrun errors.

An internal or external clock can be selected as the SCI clock source.

0 When an internal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a serial clock signal to external devices.

0 When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Table 13.8 SMR Settings and Serial Communication Formats

SMR Settings

SCI Communication Format

Multi- Stop
Bit_7: Bit 6: Bit2: Bit5: Bit 3: Data processor Parity Bit
C/A° CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous  8-bitdata Absent Absent 1 bit
1 mode 2 bits
1 0 Present 1 bit
1 2 bits
1 0 0 7-bit data Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
0 1 — 0 Asynchronous  8-bitdata Present Absent 1 bit
1 mode (multi- 2 bits
processor S -
1 2 bits
1 — — — — Synchronous 8-bit data Absent None
mode

Table 13.9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Settings SCI Transmit/Receive Clock
Bit 7: Bit 1: Bit 0: Clock
C/IA CKE1 CKE0O Mode Source  SCK Pin Function
0 0 0 Asynchronous Internal  SCI does not use the SCK pin
1 mode Outputs a clock with frequency
matching the bit rate
1 0 External Inputs a clock with frequency 16
1 times the bit rate
1 0 0 Synchronous Internal  Outputs the serial clock
1 mode
1 0 External Inputs the serial clock
1
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13.3.2  Operation in Asynchronous Mode

In asynchronous mode each transmitted or received character begins with a start bit and ends with
a stop bit. Serial communication is synchronized one character at a time.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication line is normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with a frequency 16 times the bit rate.
Receive data is latched at the center of each bit.

Idle (mark) state
1 (LSB) (MSB) 1

Serialdata| 0 [ Do | D1 | D2 | D3 | D4 |D5[D6|D7 |01 |1 1

Start Parity| Stop
bit Transmit or receive data bit bit
- e -
1 bit 7 bits or 8 bits 1 bitor 1 bitor
nobit 2 bits

One unit of data (character or frame)

Figure 13.2 Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and 2 Stop Bits)
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Communication Formats: Table 13.10 shows the 12 communication formats that can be selected
in asynchronous mode. The format is selected by settings in SMR.

Table 13.10 Serial Communication Formats (Asynchronous Mode)

SMR Settings Serial Communication Format and Frame Length
CHRPEMPSTOP‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘

o 0 o0 o0 \ s \ 8-bit data ‘STOP

o 0o o0 1 ‘ s ‘ 8-bit data ‘STOP‘STOP

o 1 0 o0 \ s \ 8-bit data \ P ‘STOP

0 10 1 ‘ s ‘ 8-bit data ‘ P ‘STOP‘STOP
1 0 0 o0 ‘ s ‘ 7-bit data ‘STOP

1 o o0 1 \ s \ 7-bit data ‘STOP‘STOP

1 1 0 0 ‘ s ‘ 7-bit data ‘ P ‘STOP

1 1 0 1 \ s \ 7-bit data \ P ‘STOP‘STOP

o — 1 0 \ s \ 8-bit data ‘MPB ‘STOP

o — 1 1 ‘ s ‘ 8-bit data ‘MPB ‘STOP‘STOP
1 — 1 0 \ s \ 7-bit data ‘MPB ‘STOP

1 — 11 ‘ s ‘ 7-bit data ‘MPB ‘STOP‘STOP
Legend

S: Start bit

STOP: Stop bit

P: Parity bit

MPB: Multiprocessor bit
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Clock: An internal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected
by the C/A bit in SMR and bits CKE1 and CKEOQ in SCR. See table 13.9.

When an external clock is input at the SCK pin, it must have a frequency equal to 16 times the
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase is aligned as in figure 13.3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

NN EEpEpEpEpEpEyEY

| o |po|p1|D2|D3|D4|D5|D6|D7 [0 | 1 1
.
|

1 frame

;l

Figure 13.3 Phase Relationship between Output Clock and Serial Data
(Asynchronous Mode)

Transmitting and Receiving Data

* SCI Initialization (Asynchronous Mode)
Before transmitting or receiving, clear the TE and RE bits to 0 in SCR, then initialize the SCI
as follows.
When changing the communication mode or format, always clear the TE and RE bits to 0
before following the procedure given below. Clearing TE to 0 sets the TDRE flag to 1 and
initializes TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and RDR, which retain their previous contents.
When an external clock is used, the clock should not be stopped during initialization or
subsequent operation. SCI operation becomes unreliable if the clock is stopped.

Figure 13.4 is a sample flowchart for initializing the SCI.
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Start of initialization

N

Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0. If clock output is selected in
asynchronous mode, clock output starts immediately after
Clear TE and RE bits the setting is made in SCR.
to 0in SCR 2. Select the communication format in SMR.
‘ 3. Write the value corresponding to the bit rate in BRR.
This step is not necessary when an external clock is used.

S_et CKE1 an(_:i CKEO bits 1 4. Wait for at least the interval required to transmit or receive
in SCR (leaving TE and 1 bit, then set the TE or RE bit to 1 in SCR. Set the RIE,
RE bits cleared to 0) TIE, TEIE, and MPIE bits as necessary. Setting the TE

‘ or RE bit enables the SCI to use the TxD or RxD pin.

Select communication 2
format in SMR

Set value in BRR 3

Wait

1 bit interval
elapsed?

Yes

Set TE or RE bit to 1in SCR
Set RIE, TIE, TEIE, and 4
MPIE bits as necessary

#

Transmitting or receiving

Figure 13.4 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Asynchronous Mode)

Figure 13.5 shows a sample flowchart for transmitting serial data and indicates the procedure

to follow.

Initialize |

( Start transmitting )

Read TDRE flag in SSR |

No

Yes

Write transmit data
in TDR and clear TDRE
flag to 0 in SSR

All data
transmitted?

No

Yes

g

Read TEND flag in SSR

Output break
signal?

Yes

Clear DR bit to 0,
set DDR bit to 1

Clear TE bit to 0 in SCR

. SCl initialization: the transmit data output function

of the TxD pin is selected automatically.

. SCI status check and transmit data write: read SSR,

check that the TDRE flag is 1, then write transmit data
in TDR and clear the TDRE flag to 0.

. To continue transmitting serial data: after checking

that the TDRE flag is 1, indicating that data can be
written, write data in TDR, then clear the TDRE

flag to 0. When the DMAC is activated by a transmit-
data-empty interrupt request (TXI) to write data in TDR,
the TDRE flag is checked and cleared automatically.

. To output a break signal at the end of serial transmission:

set the DDR bit to 1 and clear the DR bit to 0
(DDR and DR are I/O port registers), then clear the
TE bit to 0 in SCR.

Figure 13.5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

2. After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty
interrupt (TXI) at this time.

Serial transmit data is transmitted in the following order from the TxD pin:

a. Start bit: One 0 bit is output.
b. Transmit data: 7 or 8 bits are output, LSB first.

c. Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one
multiprocessor bit is output. Formats in which neither a parity bit nor a

multiprocessor bit is output can also be selected.
d. Stop bit: One or two 1 bits (stop bits) are output.
e. Mark state: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads new data from TDR into TSR, outputs the stop bit, then begins serial transmission of
the next frame. If the TDRE flag is 1, the SCI sets the TEND flag to 1 in SSR, outputs the
stop bit, then continues output of 1 bits in the mark state. If the TEIE bit is set to 1 in SCR,
a transmit-end interrupt (TEI) is requested at this time.

Figure 13.6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit bit  bit Data bit bit 1

R R
0|D0|D1|"|D7|0/1|1 0|D0|D1|"|D7|O/1|1 Idle (mark)
] ] state

(«

i
TDRE . |

TEND ? T L T )L

I TXI interrupt handler TXI
interrupt  writes data in TDR and interrupt TEl interrupt request
request clears TDRE flag to 0 request

| -l

‘ 1 frame ‘

Figure 13.6 Example of SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and 1 Stop Bit)
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Receiving Serial Data (Asynchronous Mode)

Figure 13.7 shows a sample flowchart for receiving serial data and indicates the procedure to
follow.

Initialize 1 1. SCl initialization: the receive data function of
the RxD pin is selected automatically.
2, 3. Receive error handling and break

Start receiving detection: if a receive error occurs, read the
ORER, PER, and FER flags in SSR to identify
- the error. After executing the necessary error
handling, clear the ORER, PER, and FER

Read ORER, PER,
and FER flags in SSR

flags all to 0. Receiving cannot resume if any
of the ORER, PER, and FER flags remains
set to 1. When a framing error occurs, the
RxD pin can be read to detect the break state.
4. SCI status check and receive data read: read
SSR, check that RDRF is set to 1, then read
receive data from RDR and clear the RDRF
flag to 0. Notification that the RDRF flag has

(continued on next page) changed from 0 to 1 can also be given by the
RXI interrupt.
Read RDRF flag in SSR | 4 5. To continue receiving serial data: check the

RDREF flag, read RDR, and clear the RDRF
flag to O before the stop bit of the current
No frame is received. If the DMAC is activated
by an RXI interrupt to read the RDR value,
the RDREF flag is cleared automatically.

Yes

Read receive data
from RDR, and clear
RDRF flag to 0 in SSR

Finished
receiving?

Yes

Clear RE bit to 0 in SCR

!

End

Figure 13.7 Sample Flowchart for Receiving Serial Data (1)
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3

< Error handling

ORER =17

Yes

Overrun error handling

o
-

FER=17?

Break?

No

Yes

Framing error handling

[
|

PER =17

Yes

Parity error handling

Clear RE bitto 0 in SCR

[ —
o

Clear ORER, PER, and
FER flags to 0 in SSR

End

Figure 13.7 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows.

1. The SCI monitors the receive data line. When it detects a start bit, the SCI synchronizes
internally and starts receiving.

2. Receive data is stored in RSR in order from LSB to MSB.
3. The parity bit and stop bit are received.
After receiving, the SCI makes the following checks:

a. Parity check: The number of 1s in the receive data must match the even or odd parity
setting of the O/E bit in SMR.

b. Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first
stop bit is checked.

c. Status check: The RDRF flag must be 0 so that receive data can be transferred from
RSR into RDR.

If these checks all pass, the RDRF flag is set to 1 and the received data is stored in RDR. If
one of the checks fails (receive error)*, the SCI operates as indicated in table 13.11.

Note: * When a receive error occurs, further receiving is disabled. In receiving, the RDRF flag is
not set to 1. Be sure to clear the error flags to 0.

4. When the RDREF flag is set to 1, if the RIE bit is set to 1 in SCR, a receive-data-full
interrupt (RXI) is requested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in
SCR is also set to 1, a receive-error interrupt (ERI) is requested.

Table 13.11 Receive Error Conditions

Receive Error  Abbreviation = Condition Data Transfer

Overrun error ORER Receiving of next data ends Receive data not transferred
while RDRF flag is still set from RSR to RDR
to 1in SSR

Framing error FER Stop bitis 0 Receive data transferred from

RSR to RDR

Parity error PER Parity of receive data differs Receive data transferred from
from even/odd parity setting RSR to RDR
in SMR
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Figure 13.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data  bit  bit bit Data  bit bt 1
0|D0|D1|"|D7|0/1|1 |0|DO|D1|"|D7|0/1|1||d|e(mark)
% o state

RDRF I——\
(« (
) 7
FER T T

b
1€ ‘ ‘ s

—

RXI RXI interrupt handler T

request reads data in RDR and

- -] clears RDRF flag to 0
1 frame

Framing error,
ERI request

Figure 13.8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit)

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share a single serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes ID-sending cycles from data-sending
cycles.

The transmitting processor starts by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to 0.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set

to 1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
data with their IDs. The receiving processor with a matching ID continues to receive further
incoming data. Processors with IDs not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive data in this way.

Figure 13.9 shows an example of communication among different processors using a
multiprocessor format.
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Communication Formats: Four formats are available. Parity-bit settings are ignored when a
multiprocessor format is selected. For details see table 13.10.

Clock: See the description of asynchronous mode.

Transmitting

processor
! Serial communication line
; ' ' '
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID =02) (ID = 03) (ID = 04)
Serial data H01 HAA
(MPB = 1) (MPB = 0)
ID-sending cycle: receiving Data-sending cycle:
processor address data sent to receiving

processor specified by ID
Legend
MPB: Multiprocessor bit

Figure 13.9 Example of Communication among Processors using Multiprocessor Format
(Sending Data H'AA to Receiving Processor A)
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Transmitting and Receiving Data

e Transmitting Multiprocessor Serial Data

Figure 13.10 shows a sample flowchart for transmitting multiprocessor serial data and

indicates the procedure to follow.

| Initialize |
\
< Start transmitting >

F—

| Read TDRE flag in SSR |

Yes

Write transmit data in
TDR and set MPBT bit in SSR

\
Clear TDRE flag to 0

No
All data transmitted?

Yes

—
—~f

| Read TENDflaginSSR |

Yes
. No
Output break signal?
Yes

| Clear DR bitto 0, set DDR bitto 1 |

| ClearTEbitto0inSCR |

—

—~f

Y
End

. SCl initialization: the transmit data

output function of the TxD pin is
selected automatically.

. SCI status check and transmit data

write: read SSR, check that the TDRE
flag is 1, then write transmit

data in TDR. Also set the MPBT flag to
0 or 1in SSR. Finally, clear the TDRE
flag to 0.

. To continue transmitting serial data:

after checking that the TDRE flag is 1,
indicating that data can be

written, write data in TDR, then clear
the TDRE flag to 0. When the DMAC
is activated by a transmit-data-empty
interrupt request (TXI) to write data in
TDR, the TDRE flag is checked and
cleared automatically.

. To output a break signal at the end of

serial transmission: set the DDR bit to
1 and clear the DR bit to 0 (DDR and
DR are /O port registers), then clear
the TE bit to 0 in SCR.

Figure 13.10 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

2. After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts
transmitting. If the TIE bit in SCR is set to 1, the SCI requests a transmit-data-empty

interrupt (TXI) at this time.

Serial transmit data is transmitted in the following order from the TxD pin:

Start bit: One 0 bit is output.
Transmit data: 7 or 8 bits are output, LSB first.

Stop bit: One or two 1 bits (stop bits) are output.

o ae o

Multiprocessor bit: One multiprocessor bit (MPBT value) is output.

Mark state: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads data from TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flag is 1, the SCI sets the TEND flag in SSR to 1, outputs the stop
bit, then continues output of 1 bits in the mark state. If the TEIE bit is set to 1 in SCR, a

transmit-end interrupt (TEI) is requested at this time.

Figure 13.11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-
processor processor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit 1
T T
0|DO|D1||D7|0/1|1 0|D0|D1||D7|O/1|1 Idle (mark)
i i state
)
TDRE |
)
TEND ? ? ?
‘ ‘ &t ‘ &t
TXI TXl interrupt handler TXI
request  writes data in TDR and request TEI request

clears TDRE flag to 0

1 frame

Figure 13.11 Example of SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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¢ Receiving Multiprocessor Serial Data

Figure 13.12 shows a sample flowchart for receiving multiprocessor serial data and indicates

the procedure to follow.

| Initialize | 1

Start receiving

Set MPIE bit to 1 in SCR 2
\
Read ORER and FER flags in SSR

FER UORER = 1

| Read RDRF fIag in SSR | 3

*

Read receive data from RDR

No
Own ID?

Yes

Read ORER and FER flags in SSR

Yes
FEROORER =1

No — i,
Finished receiving?

Yes
| Clear RE bit to 0 in SCR |

End

5

. SCl initialization: the receive data function

of the RxD pin is selected automatically.

. ID receive cycle: set the MPIE bit to 1 in SCR.
. SClI status check and ID check: read SSR,

check that the RDRF flag is set to 1, then read
data from RDR and compare with the
processor s own ID. If the ID does not match,
set the MPIE bit to 1 again and clear the
RDREF flag to 0. If the ID matches, clear the
RDRF flag to 0.

. SCI status check and data receiving: read

SSR, check that the RDRF flag is set to 1,
then read data from RDR.

. Receive error handling and break detection:

if a receive error occurs, read the

ORER and FER flags in SSR to identify the error.
After executing the necessary error handling,
clear the ORER and FER flags both to 0.
Receiving cannot resume while either the ORER
or FER flag remains set to 1. When a framing
error occurs, the RxD pin can be read to detect
the break state.

(__Error handling )

(continued on next page)

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (1)
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5

< Error handling >

No

Yes

Overrun error handling

Yes
Break?

Framing error handling

Clear RE bit to 0 in SCR

Clear ORER, PER, and FER
flags to 0 in SSR

-

\j
End

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (2)

Figure 13.13 shows an example of SCI receive operation using a multiprocessor format.
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Start Stop Start Stop
1 bit Data (ID1) MPB  bit  bit Data (data1) MPB  bit 1
I I
|o|Do|D1|"|D7|1|1|0|DO|D1|"|D7|0|1 Idle (mark)
i i state
4
MPIE
RDRF /
o 4
/ / J
RDR value >< ID1
MPB detection RXI request RXI handler reads Not own ID, so No RXI request,
MPIE= 0 (multiprocessor RDR data and clears  MPIE bit is set RDR not updated
interrupt) RDREF flag to 0 to 1 again
a. Own ID does not match data
Start Stop Start Stop
1 bit  Data (ID2) MPB bit bit Data (data2) MPB  bit 1
I( I
|0|D0|D1|"|D7|1|1|o|Do|D1|"|D7|o|1 Idle (mark)
I I
] ) state
MPIE |
4
RDRF / I_
4 / / 4 |—
RDR value >< ID2 >< Data 2
MPB detection RXI request RXl interrupt handler Own ID, so receiving MPIE bit is set
MPIE= 0 (multiprocessor reads RDR data and continues, with data to 1 again
interrupt) clears RDRF flag to 0 received by RXI

b. Own ID matches data

interrupt handler

Figure 13.13 Example of SCI Receive Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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13.3.4  Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full
duplex communication is possible. The transmitter and receiver are also double buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving is in progress.

Figure 13.14 shows the general format in synchronous serial communication.

One unit (character or frame) of serial data

*
Serial clock

LSB MSB

Serialdata 4, X Bit0 X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
| |

Don t care Don t care

Note: * High except in continuous transmitting or receiving

Figure 13.14 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is placed on the communication line from one
falling edge of the serial clock to the next. Data is guaranteed valid at the rise of the serial clock.
In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last). After
output of the MSB, the communication line remains in the state of the MSB. In synchronous mode
the SCI receives data by synchronizing with the rise of the serial clock.

Communication Format: The data length is fixed at 8 bits. No parity bit or multiprocessor bit
can be added.

Clock: An internal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected by clearing or setting the CKE1 bit in SCR. See table 13.9.
When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transmitted or received character.

When the SCI operates on an internal clock, the serial clock outputs the clock signal at the SCK
pin. Eight clock pulses are output per transmitted or received character. When the SCI is not
transmitting or receiving, the clock signal remains in the high state. However, when receiving
only, overrun error may occur or the serial clock continues output until the RE bit clears at 0.
When transmitting or receiving in single characters, select the external clock.
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Transmitting and Receiving Data

* SCI Initialization (Synchronous Mode)
Before transmitting or receiving, clear the TE and
RE bits to 0 in SCR, then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bits to 0
before following the procedure given below. Clearing the TE bit to 0 sets the TDRE flag to 1
and initializes TSR. Clearing the RE bit to 0, however, does not initialize the RDRF, PER,
FER, and ORE flags and RDR, which retain their previous contents.

Figure 13.15 is a sample flowchart for initializing the SCI.

Start of initialization

1. Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0.
2. Select the communication format in SMR.
Clear TE and RE 3. Write the value corresponding to the bit rate in BRR.
bits to 0 in SCR This step is not necessary when an external clock is used.
‘ 4. Wait for at least the interval required to transmit or receive
one bit, then set the TE or RE bit to 1 in SCR. Also set

Set RIE, TIE, TEIE, MPIE, 1 the RIE, TIE, TEIE, and MPIE bits as necessary.
CKE1, and CKEO bits in SCR Setting the TE or RE bit enables the SCI to use the
(leaving TE and RE bits TxD or RxD pin.
cleared to 0)

| 2

Select communication

format in SMR

‘ 3

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TE or RE to 1in SCR
Set RIE, TIE, TEIE, and 4
MPIE bits as necessary

. i . Note: In simultaneous transmitting and receiving, the TE and
Start transmitting or receiving RE bits should be cleared to 0 or set to 1 simultaneously.

Figure 13.15 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Synchronous Mode)
Figure 13.16 shows a sample flowchart for transmitting serial data and indicates the procedure

to follow.

Initialize 1

Start transmitting

Read TDRE flag in SSR 2

Yes

Write transmit data in
TDR and clear TDRE flag
to 0in SSR

All data
transmitted?

Yes

Read TEND flag in SSR

Clear TE bit to 0 in SCR

¢

End

1. SCl initialization: the transmit data output function
of the TxD pin is selected automatically.

2. SCI status check and transmit data write: read SSR,
check that the TDRE flag is 1, then write transmit
data in TDR and clear the TDRE flag to 0.

3. To continue transmitting serial data: after checking
that the TDRE flag is 1, indicating that data can be
written, write data in TDR, then clear the TDRE flag
to 0. When the DMAC is activated by a transmit-
data-empty interrupt request (TXI) to write data in
TDR, the TDRE flag is checked and cleared
automatically.

Figure 13.16 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

2. After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty
interrupt (TXI) at this time.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock
source is selected, the SCI outputs data in synchronization with the input clock. Data is
output from the TxD pin in order from LSB (bit 0) to MSB (bit 7).

3. The SCI checks the TDRE flag when it outputs the MSB (bit 7). If the TDRE flag is 0, the
SCI loads data from TDR into TSR and begins serial transmission of the next frame. If the
TDRE flag is 1, the SCI sets the TEND flag to 1 in SSR, and after transmitting the MSB,
holds the TxD pin in the MSB state. If the TEIE bit in SCR is set to 1, a transmit-end
interrupt (TEI) is requested at this time.

4. After the end of serial transmission, the SCK pin is held in a constant state.

Figure 13.17 shows an example of SCI transmit operation.

Transmit
direction
Serial clock
Serial data Bit 0 X Bit 1 ><:: X Bit7 XBito X Bit 1 X X Bit6 X Bit 7
TDRE ]
TEND T
TXI TXI interrupt handler TXI TEI
request writes data in TDR request request
and clears TDRE
flagto O
1 frame

Figure 13.17 Example of SCI Transmit Operation
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Receiving Serial Data

Figure 13.18 shows a sample flowchart for receiving serial data and indicates the procedure to
follow. When switching from asynchronous mode to synchronous mode, make sure that the
ORER, PER, and FER flags are cleared to 0. If the FER or PER flag is set to 1 the RDRF flag
will not be set and both transmitting and receiving will be disabled.

Initialize 1 1. SCl initialization: the receive data function of
the RxD pin is selected automatically.

2, 3. Receive error handling: if a receive error
occurs, read the ORER flag in SSR, then after
executing the necessary error handling, clear

o the ORER flag to 0. Neither transmitting nor

Read ORER flag in SSR | 2 receiving can resume while the ORER flag

remains set to 1.

4. SCl status check and receive data read: read
SSR, check that the RDRF flag is set to 1,
then read receive data from RDR and clear
the RDREF flag to 0. Notification that the RDRF
flag has changed from 0 to 1 can also be

Start receiving

Error handling

continued on next page given by the RXI interrupt.
5. To continue receiving serial data: check the
Read RDRF flag in SSR | 4 RDREF flag, read RDR, and clear the RDRF

flag to 0 before the MSB (bit 7) of the current
frame is received. If the DMAC is activated
by a receive-data-full interrupt request (RXI)
to read RDR, the RDREF flag is cleared
automatically.

No

Yes

Read receive data
from RDR, and clear 5
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

l

End

Figure 13.18 Sample Flowchart for Serial Receiving (1)

Rev. 2.0, 02/03, page 493 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

3

< Error handling >

Overrun error handling

Clear ORER flag to 0 in SSR

¢

End

Figure 13.18 Sample Flowchart for Serial Receiving (2)
In receiving, the SCI operates as follows.

1. The SCI synchronizes with serial clock input or output and initializes internally.

2. Receive data is stored in RSR in order from LSB to MSB.
After receiving the data, the SCI checks that the RDRF flag is 0 so that receive data can be
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the
received data is stored in RDR. If the check does not pass (receive error), the SCI operates
as indicated in table 13.11.

3. After setting the RDRF flag to 1, if the RIE bit is set to 1 in SCR, the SCI requests a
receive-data-full interrupt (RXI). If the ORER flag is set to 1 and the RIE bit in SCR is also
set to 1, the SCI requests a receive-error interrupt (ERI).

Figure 13.19 shows an example of SCI receive operation.
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-«—— Receive direction

Serial clock
Serialdata X Bit7 X Bit0 )( X Bit7 X Bito X Bit1 X X Bit6 X Bit7

(

RDRF _\_”—, 7
ORER / T T ¢ T

(
‘ 7 ‘ 7

RXI RXI interrupt RXI ?
request | handler reads request Overrun error,
data in RDR ERI request
and clears
RDRF flag to 0
1 frame

Figure 13.19 Example of SCI Receive Operation

Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode)
Figure 13.20 shows a sample flowchart for transmitting and receiving serial data
simultaneously and indicates the procedure to follow.
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Initialize

( Start transmitting and receiving >

-]

Read TDRE flag in SSR

No

Yes

Write transmit data in TDR and
clear TDRE flag to 0 in SSR

Read ORER flag in SSR

ORER =17

No

Read RDRF flag in SSR

No

Yes

Read receive data from RDR
and clear RDRF flag to 0 in SSR

End of transmitting and
receiving?

Yes

Clear TE and RE bits to 0 in SCR

Note: When switching from transmitting or receiving to simultaneous
transmitting and receiving, clear both the TE bit and the RE bit
to 0, then set both bits to 1.

!

End

. SCl initialization: the transmit data

output function of the TxD pin and
receive data input function of the
RxD pin are selected, enabling
simultaneous transmitting and
receiving.

. SCI status check and transmit

data write: read SSR, check that
the TDRE flag is 1, then write
transmit data in TDR and clear
the TDRE flag to 0.

Notification that the TDRE flag has
changed from 0 to 1 can also be
given by the TXI interrupt.

. Receive error handling: if a receive

error occurs, read the ORER flag in
SSR, then after executing the neces-
sary error handling, clear the ORER
flag to 0.

Neither transmitting nor receiving
can resume while the ORER flag
remains set to 1.

. SCI status check and receive

data read: read SSR, check that
the RDREF flag is 1, then read
receive data from RDR and clear
the RDREF flag to 0. Notification
that the RDRF flag has changed
from 0 to 1 can also be given

by the RXI interrupt.

. To continue transmitting and

receiving serial data: check the
RDREF flag, read RDR, and clear
the RDREF flag to 0 before the
MSB (bit 7) of the current frame
is received. Also check that

the TDRE flag is set to 1, indicat-
ing that data can be written, write
data in TDR, then clear the TDRE
flag to 0 before the MSB (bit 7) of
the current frame is transmitted.
When the DMAC is activated by
a transmit-data-empty interrupt
request (TXI) to write data in TDR,
the TDRE flag is checked and
cleared automatically. When the
DMAC is activated by a receive-
data-full interrupt request (RXI) to
read RDR, the RDRF flag is
cleared automatically.

Figure 13.20 Sample Flowchart for Serial Transmitting
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13.4  SCI Interrupts

The SCI has four interrupt request sources: TEI (transmit-end interrupt), ERI (receive-error
interrupt), RXI (receive-data-full interrupt), and TXI (transmit-data-empty interrupt). Table 13.12
lists the interrupt sources and indicates their priority. These interrupts can be enabled and disabled
by the TIE, TEIE, and RIE bits in SCR. Each interrupt request is sent separately to the interrupt
controller.

The TXI interrupt is requested when the TDRE flag is set to 1 in SSR. The TEI interrupt is
requested when the TEND flag is set to 1 in SSR. The TXI interrupt request can activate the
DMALC to transfer data. Data transfer by the DMAC automatically clears the TDRE flag to 0. The
TEI interrupt request cannot activate the DMAC.

The RXI interrupt is requested when the RDRF flag is set to 1 in SSR. The ERI interrupt is
requested when the ORER, PER, or FER flag is set to 1 in SSR. The RXI interrupt request can
activate the DMAC to transfer data. Data transfer by the DMAC automatically clears the RDRF
flag to 0. The ERI interrupt request cannot activate the DMAC.

The DMAC can be activated by interrupts from SCI channel 0.

Table 13.12 SCI Interrupt Sources

Interrupt Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE) E

TEI Transmit end (TEND) Low
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13.5  Usage Notes
Note the following points when using the SCI.

TDR Write and TDRE Flag: The TDRE flag in SSR is a status flag indicating the loading of
transmit data from TDR into TSR. The SCI sets the TDRE flag to 1 when it transfers data from
TDR to TSR.

Data can be written into TDR regardless of the state of the TDRE flag. If new data is written in
TDR when the TDRE flag is 0, the old data stored in TDR will be lost because this data has not
yet been transferred to TSR. Before writing transmit data in TDR, be sure to check that the TDRE
flag is set to 1.

Simultaneous Multiple Receive Errors: Table 13.13 indicates the state of SSR status flags when
multiple receive errors occur simultaneously. When an overrun error occurs the RSR contents are
not transferred to RDR, so receive data is lost.

Table 13.13 SSR Status Flags and Transfer of Receive Data

Receive Data

Transfer
RDRF ORER FER PER RSR - RDR Receive Errors
1 1 0 0 X Overrun error
0 0 1 0 (0] Framing error
0 0 0 1 (0] Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] Framing error + parity error
1 1 1 1 X Overrun error + framing error + parity error

Notes: O: Receive data is transferred from RSR to RDR.
x: Receive data is not transferred from RSR to RDR.
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Break Detection and Processing: Break signals can be detected by reading the RxD pin directly
when a framing error (FER) is detected. In the break state the input from the RxD pin consists of
all Os, so the FER flag is set and the parity error flag (PER) may also be set. In the break state the
SCI receiver continues to operate, so if the FER flag is cleared to 0 it will be set to 1 again.

Sending a Break Signal: When the TE bit is cleared to 0 the TxD pin becomes an I/O port, the
level and direction (input or output) of which are determined by DR and DDR bits. This feature
can be used to send a break signal.

After the serial transmitter is initialized, the DR value substitutes for the mark state until the TE
bit is set to 1 (the TxD pin function is not selected until the TE bit is set to 1). The DDR and DR
bits should therefore both be set to 1 beforehand.

To send a break signal during serial transmission, clear the DR bit to 0, then clear the TE bit to 0.
When the TE bit is cleared to 0 the transmitter is initialized, regardless of its current state, so the
TxD pin becomes an output port outputting the value 0.

Receive Error Flags and Transmitter Operation (Synchronous Mode Only): When a receive
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE
flag is cleared to 0. Be sure to clear the receive error flags to 0 when starting to transmit. Note that
clearing the RE bit to 0 does not clear the receive error flags to 0.

Receive Data Sampling Timing in Asynchronous Mode and Receive Margin: In asynchronous
mode the SCI operates on a base clock with 16 times the bit rate frequency. In receiving, the SCI
synchronizes internally with the fall of the start bit, which it samples on the base clock. Receive
data is latched at the rising edge of the eighth base clock pulse. See figure 13.21.

16 clocks |

8 clocks ‘

0 7 150 7 150
Internal
base clock H u u

Receive data A| . | |
Synchronization M

sampling timing ‘ l

Data sampling I'l I'l

timing

Figure 13.21 Receive Data Sampling Timing in Asynchronous Mode
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The receive margin in asynchronous mode can therefore be expressed as in equation (1).

1+F)| x 100% (1)

M=|(05- ——)~(L-05)F- M(
2N N

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =0 to 1.0)

Frame length (L = 9 to 12)

Absolute deviation of clock frequency

mrozg

From equation (1), if F =0 and D = 0.5 the receive margin is 46.875%, as given by equation (2).

D =0.5,F=0
M ={0.5—1/(2 x 16)} x 100%
T <L, OO )

This is a theoretical value. A reasonable margin to allow in system designs is 20% to 30%.

Restrictions on Usage of DMAC: To have the DMAC read RDR, be sure to select the SCI
receive-data-full interrupt (RXI) as the activation source with bits DTS2 to DTS0 in DTCR.

Restrictions on Usage of the Serial Clock: When transmitting data using an external clock as the
serial clock, an interval of at least 5 states is necessary between clearing the TDRE bit in SSR and
the start (falling edge) of the first transmit clock pulse corresponding to each frame (see figure
13.22). This condition is also needed for continuous transmission. If it is not fulfilled, operational
error will occur.

SCK

:t*i ‘t*i

TDRE u
TXD >< xo X xi >< x2 X x3 Y x4 >< x5 X x6 ¥ x7 >< vo X v1 ¥ v2 >< Y3

——— Continuous transmission

Note: *Ensure that t > 5 states.

Figure 13.22 Serial Clock Transmission (Example)
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Switching SCK Pin to Port Output Pin in Synchronous Mode: When the SCK pin is used as
the serial clock output in synchronous mode, and is then switched to its output port function at the
end of transmission, a low level may be output for one half-cycle. Half-cycle low-level output
occurs when SCK is switched to its port function with the following settings when DDR = 1,
DR=1,C/A=1,CKEl=0,CKE0=0, and TE=1.

1. End of serial data transmission
2. TEbit=0

3.
4

. Occurrence of low-level output (see figure 13.23)

C/A bit =0 ... switchover to port output

Half-cycle low-level output

/\ /
SCK/port |_|
1. End of transmissio 4. Low-level output

Data Bit6 X Bit7 )

2.TE=0 5
TE |
C/A | 3.C/A=0
CKE1 I
CKEO

Figure 13.23 Operation when Switching from SCK Pin to Port Pin
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Sample Procedure for Preventing Low-Level Output

As this sample procedure temporarily places the SCK pin in the input state, the SCK/port pin
should be pulled up beforehand with an external circuit.

With DDR =1, DR =1, C/A = 1, CKEl = 0, CKEO = 0, and TE = 1, make the following settings
in the order shown.

1. End of serial data transmission
2. TEbit=0
3. CKElbit=1
4. C/Abit=0 ... switchover to port output
5. CKEl bit=0
High-level output
//\ ¥
SCK/port
1. End of transmission
Data Bite X Bit7
2. TE=0 5
TE | ;
C/A 4.C/A=0
3.CKE1=1 ,
CKE1 ; 5.CKE1=0
CKEO :

Figure 13.24 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing Low-Level Output)

Rev. 2.0, 02/03, page 502 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Section 14 Smart Card Interface

14.1 Overview

As an extension of its serial communication interface functions, SCIO supports a smart card (IC
card) interface conforming to the ISO/IEC7816-3 (Identification Card) standard. Switchover
between normal serial communication and the smart card interface is controlled by a register
setting.

14.1.1 Features
Features of the smart-card interface supported by the H8/3048B Series are listed below.

¢ Asynchronous communication

Data length: 8 bits

Parity bits generated and checked

Error signal output in receive mode (parity error)

Error signal detect and automatic data retransmit in transmit mode

O oOooogdg

Supports both direct convention and inverse convention
* Built-in baud rate generator with selectable bit rates
e Three types of interrupts

Transmit-data-empty, receive-data-full, and receive-error interrupts are requested
independently. The transmit-data-empty and receive-data-full interrupts can activate the DMA
controller (DMAC) to transfer data.
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14.1.2

Block Diagram

Figure 14.1 shows a block diagram of the smart card interface.

Q
(s}
e Internal
Module data bus £ > data
» bus
>
J e
| RDR | TDR SCMR | BRR L
¢ V! SoR -
RxDo—~{ | RSR | [[ TSR SVR ~— 0/4
) ) - /16
Transmit/receive Baudrate |, /64
control generator
TXDO y
Parity generate Clock
Parity check
SCKO -
TXI
= RXI
= ERI
Legend
SCMR: Smart card mode register
RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register

Figure 14.1 Smart Card Interface Block Diagram
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14.1.3  Input/Output Pins
Table 14.1 lists the smart card interface pins.

Table 14.1 Smart Card Interface Pins

Name Abbreviation 110 Function

Serial clock pin SCKo Output Clock output
Receive data pin RxDo Input Receive data input
Transmit data pin TxDo Output Transmit data output

14.1.4  Register Configuration

The smart card interface has the internal registers listed in table 14.2. BRR, TDR, and RDR have
their normal serial communication interface functions, as described in section 13, Serial
Communication Interface.

Table 14.2 Registers

Address™ Name Abbreviation R/W Initial Value
H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR R/(W)>k2 F'84
H'FFB5 Receive data register RDR R H'00
H'FFB6 Smart card mode register SCMR R/W H'F2

Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, to clear flags.
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14.2  Register Descriptions

This section describes the new or modified registers and bit functions in the smart card interface.

14.2.1 Smart Card Mode Register (SCMR)

SCMR is an 8-bit readable/writable register that selects smart card interface functions.

Bit 7 6 5 4 3 2 1 0
o o o | o [sor|sw | o |sw

Initial value 1 1 1 1 0 0 1 0

Read/Write O O O O R/W R/W ad R/W

* ]
Reserved bits

Smart card interface
mode select
Reserved bits Enables or disables
the smart card
interface function

Smart card data invert
Inverts data logic levels

Smart card data transfer direction
Selects the serial/parallel conversion format

SCMR is initialized to H'F2 by a reset and in standby mode.
Bits 7 to 4—Reserved: Read-only bits, always read as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion
format.

Bit 3: SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Received data is stored LSB-first in RDR

1 TDR contents are transmitted MSB-first

Received data is stored MSB-first in RDR
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Bit 2—Smart Card Data Inverter (SINV): Inverts data logic levels. This function is used in
combination with bit 3 to communicate with inverse-convention cards. SINV does not affect the
logic level of the parity bit. For parity settings, see section 14.3.4, Register Settings.

Bit 2: SINV Description

0 Unmodified TDR contents are transmitted (Initial value)

Received data is stored unmodified in RDR

1 Inverted TDR contents are transmitted
Received data is inverted before storage in RDR

Bit 1—Reserved: Read-only bit, always read as 1.

Bit 0—Smart Card Interface Mode Select (SMIF): Enables the smart card interface function.

Bit 0: SMIF Description
0 Smart card interface function is disabled (Initial value)
1 Smart card interface function is enabled

14.2.2  Serial Status Register (SSR)

The function of SSR bit 4 is modified in the smart card interface. This change also causes a
modification to the setting conditions for bit 2 (TEND).

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write  R/W)* R/I(W)* R/I(W)* R/(W)* R/(W)* R R R/W

T

Transmit end

Status flag indicating
end of transmission

Error signal status (ERS)

Status flag indicating that an
error signal has been received

Note: * Only 0 can be written, to clear the flag.
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Bits 7 to 5: These bits operate as in normal serial communication. For details see section 13,
Serial Communication Interface.

Bit 4—Error Signal Status (ERS): In smart card interface mode, this flag indicates the status of
the error signal sent from the receiving device to the transmitting device. The smart card interface
does not detect framing errors.

Bit 4: ERS Description

0 Indicates normal data transmission, with no error signal returned (Initial value)
[Clearing conditions]
The chip is reset or enters standby mode.

Software reads ERS while it is set to 1, then writes 0.

1 Indicates that the receiving device sent an error signal reporting a parity error
[Setting condition]

A low error signal was sampled.

Note: Clearing the TE bit to 0 in SCR does not affect the ERS flag, which retains its previous
value.

Bits 3 to 0: These bits operate as in normal serial communication. For details see section 13,
Serial Communication Interface. The setting conditions for transmit end (TEND, bit 2), however,
are modified as follows.

Bit 2: TEND Description

0 Transmission is in progress
[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag.
The DMAC writes data in TDR.

1 End of transmission (Initial value)
[Setting conditions]
The chip is reset or enters standby mode.
The TE bit and FER/ERS bit are both cleared to 0 in SCR.

TDRE is 1 and FER/ERS is 0 at a time 2.5 etu after the last bit of a 1-byte
serial character is transmitted (normal transmission)

Note: An etu (elementary time unit) is the time needed to transmit one bit.
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14.2.3  Serial Mode Register (SMR)

Bit 7 of SMR has a different function in smart card interface mode. The related serial control
register (SCR) changes from bit 1 to bit 0. However, this function does not exist in the flash
memory version.

Bit 7 6 5 4 3 2 1 0

‘ GM ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7-GSM Mode (GM): Set at 0 when using the regular smart card interface. In GSM mode, set
to 1. When transmission is complete, initially the TEND flag set timing appears followed by clock
output restriction mode. Clock output restriction mode comprises serial control register bit 1 and
bit 0.

Bit 7: GM Description
0 Using the regular smart card interface mode
* The TEND flag is set 12.5 etu after the beginning of the start bit  (Initial value)

»  Clock output on/off control only

1 Using the GSM mode smart card interface mode
* The TEND flag is set 11.0 etu after the beginning of the start bit
» Clock output on/off and fixed-high/fixed-low control

Bits 6 to 0—Operate in the same way as for the normal SCI.

For details, see section 13.2.5, Serial Mode Register (SMR).
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14.2.4  Serial Control Register (SCR)

Bits 1 and 0 have different functions in smart card interface mode. However, this function does not
exist in the flash memory version.

Bit 7 6 5 4 3 2 1 0
‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0

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

Bits 7 to 2—Operate in the same way as for the normal SCI.
For details, see section 13.2.6, Serial Control Register (SCR).

Bits 1 and 0—Clock Enable (CKE1, CKE0): Setting enable or disable for the SCI clock
selection and clock output from the SCK pin. In smart card interface mode, it is possible to switch
between enabling and disabling of the normal clock output, and specify a fixed high level or fixed
low level for the clock output.

SMR SCR

Bit 7: Bit 1: Bit 0:

GM CKE1 CKEO Description

0 0 0 The internal clock/SCKgy pin functions as an 1/O port  (Initial value)
0 0 1 The internal clock/SCKg pin functions as the clock output

1 0 0 The internal clock/SCKg pin is fixed at low-level output

1 0 1 The internal clock/SCKg pin functions as the clock output

1 1 0 The internal clock/SCKg pin is fixed at high-level output

1 1 1 The internal clock/SCKg pin functions as the clock output
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14.3  Operation

14.3.1 Overview
The main features of the smart-card interface are as follows.

* One frame consists of eight data bits and a parity bit.

¢ In transmitting, a guard time of at least two elementary time units (2 etu) is provided between
the end of the parity bit and the start of the next frame. (An elementary time unit is the time
required to transmit one bit.)

* Inreceiving, if a parity error is detected, a low error signal is output for 1 etu, beginning 10.5
etu after the start bit.

* In transmitting, if an error signal is received, after at least 2 etu, the same data is automatically
transmitted again.

¢ Only asynchronous communication is supported. There is no synchronous communication
function.

14.3.2  Pin Connections
Figure 14.2 shows a pin connection diagram for the smart card interface.

In communication with a smart card, data is transmitted and received over the same signal line.
The TxD, and RxD, pins should both be connected to this line. The data transmission line should
be pulled up to V¢ through a resistor.

If the smart card uses the clock generated by the smart card interface, connect the SCK, output pin
to the card’s CLK input. If the card uses its own internal clock, this connection is unnecessary.

The reset signal should be output from one of the H8/3048B Series’ generic ports.

In addition to these pin connections, power and ground connections will normally also be
necessary.
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Card-processing device

TXDO
RxD Data line
SCKj
Clock line
Px (port)
H8/3048B Series Reset line

I/0

CLK

RST
Smart card

Figure 14.2 Smart Card Interface Connection Diagram

Note: A loop-back test can be performed by setting both RE and TE to 1 without connecting a

smart card.
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14.3.3 Data Format

Figure 14.3 shows the data format of the smart card interface. In receive mode, parity is checked
once per frame. If a parity error is detected, an error signal is returned to the transmitting device to
request retransmission. In transmit mode, the error signal is sampled and the same data is
retransmitted if the error signal is low.

No parity error

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

‘ Output from transmitting device ‘
~ il

Parity error

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp DE
Output from transmitting device

|« -

- o e
Output from
receiving device

Ds: Start bit

DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 14.3 Smart Card Interface Data Format

The operating sequence is as follows.

1.

When not in use, the data line is in the high-impedance state, and is pulled up to the high level
through a resistor.

To start transmitting a frame of data, the transmitting device transmits a low start bit (Ds),
followed by eight data bits (D0 to D7) and a parity bit (Dp).

. Next, in the smart card interface, the transmitting device returns the data line to the high-

impedance state. The data line is pulled up to the high level through a resistor.

The receiving device performs a parity check. If there is no parity error, the receiving device
waits to receive the next data. If a parity error is present, the receiving device outputs a low
error signal (DE) to request retransmission of the data. After outputting the error signal for a
designated interval, the receiving device returns the signal line to the high-impedance state.
The signal line is pulled back up to the high level through the pull-up resistor.

. If the transmitting device does not receive an error signal, it proceeds to transmit the next data.

If it receives an error signal, it returns to step 2 and transmits the same data again.
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14.3.4  Register Settings

Table 14.3 shows a bit map of the registers used in the smart card interface. Bits indicated as 0 or
1 should always be set to the indicated value. The settings of the other bits will be described in this
section.

Table 14.3 Register Settings in Smart Card Interface

Register Address™ Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SMR H'FFBO GM 0 1 O/E 1 0 CKS1 CKSO
BRR H'FFB1 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR H'FFB2 TIE RIE TE RE 0 0 CKE1** CKEO
TDR H'FFB3 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR H'FFB4 TDRE RDRF ORER ERS PER TEND O 0

RDR H'FFBS RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR H'FFB6 — — — — SDIR  SINV  — SMIF

Notes: — Unused bit.
*1 Lower 16 bits of the address.
*2 When the GM of the SMR is set at 0, be sure the CKE1 bit is 0.

Serial Mode Register (SMR) Settings: In regular smart card interface mode, set the GM bit at 0.
In regular smart card mode, clear the GM bit to 0. In GSM mode, set the GM bit to 1. Clear the
O/E bit to 0 if the smart card uses the direct convention. Set the O/E bit to 1 if the smart card uses
the inverse convention. Bits CKS1 and CKSO0 select the clock source of the built-in baud rate
generator. See section 14.3.5, Clock.

Bit Rate Register (BRR) Settings: This register sets the bit rate. Equations for calculating the
setting are given in section 14.3.5, Clock.

Serial Control Register (SCR): The TIE, RIE, TE, and RE bits have their normal serial
communication functions. For details, see section 13, Serial Communication Interface. The CKE1
and CKEO bits select clock output. When the GM bit of the SMR is cleared to 0, to disable clock
output, clear this bit to 00. To enable clock output, set this bit to 01. When the GM bit of the SMR
is set to 1, clock output is enabled. Clock output is fixed at high or low.

Smart Card Mode Register (SCMR): If the smart card follows the direct convention, clear the
SDIR and SINV bits to 0. If the smart card follows the indirect convention, set the SDIR and
SINV bits to 1. To use the smart card interface, set the SMIF bit to 1.
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The register settings and examples of starting character waveforms are shown below for two smart
cards, one following the direct convention and one the inverse convention.

+ Direct convention (SDIR = SINV = O/E = 0)

(2) A z 4 A 4 z Y4 A A 4 (2) State

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

In the direct convention, state Z corresponds to logic level 1, and state A to logic level 0.
Characters are transmitted and received LSB-first. In the example above the first character data
is H'3B. The parity bit is 1, following the even parity rule designated for smart cards.

+ Inverse convention (SDIR = SINV = O/E = 1)

(2) A z 4 A A A A A A Z (2) State

Ds D7 D6 D5 D4 D3 D2 D1 DO Dp

In the inverse convention, state A corresponds to the logic level 1, and state Z to the logic level
0. Characters are transmitted and received MSB-first. In the example above the first character
data is H'3F. Following the even parity rule designated for smart cards, the parity bit logic
level is 0, corresponding to state Z.

In the H8/3048B Series, the SINV bit inverts only the data bits D7 to DO. The parity bit is not
inverted, so the O/E bit in SMR must be set to odd parity mode. This applies in both transmitting
and receiving.
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14.3.5 Clock

As its serial communication clock, the smart card interface can use only the internal clock
generated by the on-chip baud rate generator. The bit rate can be selected by setting the bit rate
register (BRR) and bits CKS1 and CKSO in the serial mode register (SMR). The bit rate can be
calculated from the equation given below. Table 14.5 lists some examples of bit rate settings.

If bit CKEO is set to 1, a clock signal with a frequency equal to 372 times the bit rate is output
from the SCK, pin.

¢ 6

B= x 10

1488 x 2201 5 (N + 1)

where, N: BRR setting (0 < N < 255)

Bit rate (bits/s)

System clock frequency (MHz)*
See table 14.4

56 W

Table 14.4 n-Values of CKS1 and CKSO0 Settings

n CK$1 CKS0
0 0 0
1 0 1
2 1 0
3 1 1

Note: * If the gear function is used to divide the system clock frequency, use the divided
frequency to calculate the bit rate. The equation above applies directly to 1/1 frequency
division.

Table 14.5 Bit Rates (bits/s) for Different BRR Settings (when n = 0)

@ (MHz)

7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00 20.00 25.00

9600.0 13440.9 14400.0 17473.1 19200.0 21505.4 24193.5 26881.7 33602.2

4800.0 67204 7200.0 8736.6 9600.0 10752.7 12096.8 13440.9 16801.1

N~ |O|2Z

3200.0 4480.3 4800.0 58244 6400.0 71685 8064.5 8960.6 11200.7

Note: Bit rates are rounded off to one decimal place.

Rev. 2.0, 02/03, page 516 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

The following equation calculates the bit rate register (BRR) setting from the system clock
frequency and bit rate. N is an integer from 0 to 255, specifying the value with the smaller error.

N=+ x 108 — 1
1488 x 22-1 x B

Table 14.6 BRR Settings for Typical Bit Rate (bits/s) (when n = 0)

@ (MHz)

7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00 20.00 25.00

Bit/s N Error N Error N Error N Error N Error N Error N Error N Error N Error

9600 0 000 1 3000 1 2500 1 899 1 000 1 1201 2 1599 2 6.66 3 1249

Table 14.7 Maximum Bit Rates for Various Frequencies (Smart Card Interface)

@ (MHz) Maximum Bit Rate (bits/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0
20.00 26882 0 0
25.00 33602 0 0

The bit rate error is calculated from the following equation.

o
1488 x 2201 x B x (N + 1)

Error (%) = { ><106—1}><100
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14.3.6  Transmitting and Receiving Data

Initialization: Before transmitting or receiving data, initialize the smart card interface by the
procedure below. Initialization is also necessary when switching from transmit mode to receive
mode or from receive mode to transmit mode.

1. Clear the TE and RE bits to 0 in the serial control register (SCR).

2. Clear the ERS, PER, and ORER error flags to 0 in the serial status register (SSR).

3. Set the parity mode bit (O/E) and baud rate generator clock source select bits (CKS1 and
CKS0) as required in the serial mode register (SMR). At the same time, clear the C/A, CHR,
and MP bits to 0, and set the STOP and PE bits to 1.

4. Set the SMIF, SDIR, and SINV bits as required in the smart card mode register (SCMR).
When the SMIF bit is set to 1, the TxDy and RxD, pins switch from their I/O port functions to
their serial communication interface functions, and are placed in the high-impedance state.

5. Set a value corresponding to the desired bit rate in the bit rate register (BRR).

6. Set clock enable bit 0 (CKEO) as required in the serial control register (SCR). Write 0 in the
TIE, RIE, TE, RE, MPIE, TEIE, and CKE1 bits. If bit CKEO is set to 1, a serial clock will be
output from the SCK, pin.

7. Wait for at least the interval required to transmit or receive one bit, then set the TIE, RIE, TE,
and RE bits as necessary in SCR. Do not set TE and RE both to 1, except when performing a
loop-back test.

Transmitting Serial Data: The transmitting procedure in smart card mode is different from the
normal SCI procedure, because of the need to sample the error signal and retransmit. Figure 14.4
shows a flowchart for transmitting, and figure 14.5 shows the relation between a transmit
operation and the internal registers.

1. Initialize the smart card interface by the procedure given above in Initialization.

2. Check that the ERS error flag is cleared to 0 in SSR.

3. Check that the TEND flag is set to 1 in SSR. Repeat steps 2 and 3 until this check passes.
4

. Write transmit data in TDR and clear the TDRE flag to 0. The data will be transmitted and the
TEND flag will be cleared to 0.

5. To continue transmitting data, return to step 2.

6. To terminate transmission, clear the TE bit to 0.
This procedure may include interrupt handling and DMA transfer.

If the TIE bit is set to 1 to enable interrupt requests, when transmission is completed and the
TEND flag is set to 1, a transmit-data-empty interrupt (TXI) is requested. If the RIE bit is set to 1
to enable interrupt requests, when a transmit error occurs and the ERS flagis setto 1, a
transmit/receive-error interrupt (ERI) is requested.
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The timing of TEND flag setting depends on the GM bit in SMR. The timing is shown in figure

14.6.

If the TXI interrupt activates the DMAC, the number of bytes designated in the DMAC can be
transmitted automatically, including automatic retransmit.

For details, see Interrupt Operations and Data Transfer by DMAC in this section.

( Start )

| Initialize |

|
( Start transmitting )

FER/ERS =07

Error handling )

Write data in TDR and clear
TDRE flag to 0 in SSR

< Error handling )

| Clear TE bit to 0 |

|
( End )

Figure 14.4 Transmit Flowchart (Example)
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TDR TSR
(shift register)

(1) Data write Data 1

(2) Transfer from . o
TDR to TSR Data 1 Data 1 ; Data remains in TDR

Data 1

(3) Serial data output Data 1

I/O signal line output

In case of normal transmission: TEND flag is set
In case of transmit error: ERS flag is set

Steps (2) and (3) above are repeated until the TEND flag is set

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first

transmission, DO in MSB-first transmission) of the next transfer data to be transmitted has
been completed.

Figure 14.5 Relation Between Transmit Operation and Internal Registers

/O data Ds | Da | Db |Dc |Dd | De | Df | Dg | Dh | Dp | | DE!
Guard
time
TXI
(TEND interrupt) 1256t When GM = 0
11.0 etu
When GM = 1

Figure 14.6 TEND Flag Occurrence Timing
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Receiving Serial Data: The receiving procedure in smart card mode is the same as the normal
SCI procedure. Figure 14.7 shows a flowchart for receiving.

1. Initialize the smart card interface by the procedure given in Initialization at the beginning of
this section.

2. Check that the ORER and PER error flags are cleared to 0 in SSR. If either flag is set, carry out
the necessary error handling, then clear both the ORER and PER flags to 0.

Check that the RDREF flag is set to 1. Repeat steps 2 and 3 until this check passes.
Read receive data from RDR.

To continue receiving data, clear the RDRF flag to 0 and return to step 2.

S v W

To terminate receiving, clear the RE bit to 0.

( Start )

| Initialize |

|
( Start receiving )

No

ORER =0 and
PER=07?

Yes
- < Error handling )

Read RDR and clear RDRF
flag to 0 in SSR

| Clear RE bit to 0 |

Figure 14.7 Receive Flowchart (Example)
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This procedure may include interrupt handling and DMA transfer.

If the RIE bit is set to 1 to enable interrupt requests, when receiving is completed and the RDRF
flag is set to 1, a receive-data-full interrupt (RXI) is requested. If a receive error occurs, either the
ORER or PER flag is set to 1 and a transmit/receive-error interrupt (ERI) is requested.

If the RXI interrupt activates the DMAC, the number of bytes designated in the DMAC will be
transferred, skipping receive data in which an error occurred.

For details, see Interrupt Operations and Data Transfer by DMAC below.

When a parity error occurs and PER is set to 1, the receive data is transferred to RDR, so the
erroneous data can be read.

Switching Modes: To switch from receive mode to transmit mode, check that receiving
operations have completed, then initialize the smart card interface, clearing RE to 0 and setting TE
to 1. Completion of receive operations is indicated by the RDRF, PER, or ORER flag.

To switch from transmit mode to receive mode, check that transmitting operations have
completed, then initialize the smart card interface, clearing TE to 0 and setting RE to 1.
Completion of transmit operations can be verified from the TEND flag.

Fixing Clock Output: When the GM bit of the SMR s set to 1, clock output is fixed by CKEI
and CKEOQ of SCR. In this case, the clock pulse can be set at minimum value.

Figure 14.8 shows clock output fixed timing: CKEO is restricted with GM = 1 and CKE1 = 1.

Specified pulse width Specified pulse width
- CKE1 value — !

SCK J | | / : | —‘
T

SCR write SCR write
(CKEO = 0) (CKEO = 1)

Figure 14.8 Clock Output Fixed Timing
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Interrupt Operations: The smart card interface has three interrupt sources: transmit-data-empty
(TXI), transmit/receive-error (ERI), and receive-data-full (RXI). The transmit-end interrupt
request (TEI) is not available in smart card mode.

A TXI interrupt is requested when the TEND flag is set to 1 in SSR. An RXI interrupt is requested
when the RDRF flag is set to 1 in SSR. An ERI interrupt is requested when the ORER, PER, or
ERS flag is set to 1 in SSR. These relationships are shown in table 14.8.

Table 14.8 Smart Card Mode Operating States and Interrupt Sources

Interrupt DMAC

Operating State Flag Mask Bit  Source Activation

Transmit mode Normal operation TEND TIE TXI Available
Error ERS RIE ERI Not available

Receive mode Normal operation RDRF RIE RXI Available
Error PER, ORER RIE ERI Not available

Data Transfer by DMAC: The DMAC can be used to transmit and receive in smart card mode,
as in normal SCI operations. In transmit mode, when the TEND flag is set to 1 in SSR, the TDRE
flag is set simultaneously, generating a TXI interrupt. If TXI is designated in advance as a DMAC
activation source, the DMAC will be activated by the TXI request and will transfer the next
transmit data. This data transfer by the DMAC automatically clears the TDRE and TEND flags to
0. When an error occurs, the SCI automatically retransmits the same data, keeping TEND cleared
to 0 so that the DMAC is not activated. The SCI and DMAC will therefore automatically transmit
the designated number of bytes, including retransmission when an error occurs. When an error
occurs the ERS flag is not cleared automatically, so the RIE bit should be set to 1 to enable the
error to generate an ERI request, and the ERI interrupt handler should clear ERS.

When using the DMAC to transmit or receive, first set up and enable the DMAC, then make SCI
settings. DMAC settings are described in section 8§, DMA Controller.

In receive operations, when the RDRF flag is set to 1 in SSR, an RXI interrupt is requested. If RXI
is designated in advance as a DMAC activation source, the DMAC will be activated by the RXI
request and will transfer the received data. This data transfer by the DMAC automatically clears
the RDRF flag to 0. When an error occurs, the RDRF flag is not set and an error flag is set instead.
The DMAC is not activated. The ERI interrupt request is directed to the CPU. The ERI interrupt
handler should clear the error flags.

Examples of Operation in GSM Mode: When switching between smart card interface mode and
software standby mode, use the following procedures to maintain the clock duty cycle.

¢ Switching from smart card interface mode to software standby mode
1. Set the P9, data register (DR) and data direction register (DDR) to the values for the fixed
output state in software standby mode.
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5.
6.

Write 0 to the TE and RE bits in the serial control register (SCR) to stop transmit/receive
operations. At the same time, set the CKE1 bit to the value for the fixed output state in
software standby mode.

Write 0 to the CKEO bit in SCR to stop the clock.

. Wait for one serial clock cycle. During this period, the duty cycle is preserved and clock

output is fixed at the specified level.
Write H'00 to the serial mode register (SMR) and smart card mode register (SCMR).

Make the transition to the software standby state.

Returning from software standby mode to smart card interface mode

1.
2.

Clear the software standby state.
Set the CKE1 bit in SCR to the value for the fixed output state at the start of software
standby (the current P9, pin state).

Set smart card interface mode and output the clock. Clock signal generation is started with
the normal duty cycle.

Software standby

Normal operation
mode

Normal operation

(M) (4) (3)(6) (1) (2)(3)

Figure 14.9 Procedure for Stopping and Restarting the Clock

Use the following procedure to secure the clock duty cycle after powering on.

1.

The initial state is port input and high impedance. Use pull-up or pull-down resistors to fix the
potential.

Fix at the output specified by the CKE1 bit in SCR.

. Set SMR and SCMR, and switch to smart card interface mode operation.

4. Set the CKEO bit in SCR to 1 to start clock output.

14.4

Usage Notes

When using the SCI as a smart card interface, note the following points.

Receive Data Sampling Timing in Smart Card Mode and Receive Margin: In smart card
mode the SCI operates on a base clock with 372 times the bit rate frequency. In receiving, the SCI
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synchronizes internally with the fall of the start bit, which it samples on the base clock. Receive
data is latched at the rising edge of the 186th base clock pulse. See figure 14.10.

372 clocks
186 clocks
0 185 371

Internal

base clock

Receive data IR Start |
(RxD) bit:

185

(@ {

T

—\

Synchronization
sampling timing

Data sampling
timing

T NN
—

Figure 14.10 Receive Data Sampling Timing in Smart Card Mode
The receive margin can therefore be expressed as follows.

Receive margin in smart card mode:

M=Ho.5—i}—(L—o.5)F—M (1+F)| x 100%
2N N

M: Receive margin (%)

N: Ratio of clock frequency to bit rate (N = 372)
D: Clock duty cycle (D =0 to 1.0)

L: Frame length (L = 10)

F: Absolute deviation of clock frequency

From this equation, if F = 0 and D = 0.5 the receive margin is as follows.

D =05F=0
M ={0.5— 1/(2 x 372)} x 100%
= 49.866%
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Retransmission: Retransmission is described below for the separate cases of transmit mode and
receive mode.

* Retransmission when SCI is in Receive Mode (see figure 14.11)

(1) The SCI checks the received parity bit. If it detects an error, it automatically sets the PER flag
to 1. If the RIE bit in SCR is set to the enable state, an ERI interrupt is requested. The PER flag
should be cleared to 0 in SSR before the next parity bit sampling timing.

(2) The RDREF bit in SSR is not set to 1 for the error frame.

(3) If an error is not detected when the parity bit is checked, the PER flag is not set in SSR.

(4) If an error is not detected when the parity bit is checked, receiving operations are assumed to
have ended normally, and the RDRF bit is automatically set to 1 in SSR. If the RIE bit in SCR
is set to the enable state, an RXI interrupt is requested. If RXI is enabled as a DMA transfer
activation source, the RDR contents can be read automatically. When the DMAC reads the
RDR data, it automatically clears RDRF to 0.

(5) When a normal frame is received, at the error signal transmit timing, the data pin is held in the
high-impedance state.

Frame n Retransmitted frame
’4—+—>t<* Frame n + 1
—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—|E,—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|@|Ds Do|D1|D2|D3|D4

RDRF

2 A4
PER
A1) b3

Figure 14.11 Retransmission in SCI Receive Mode
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* Retransmission when SCI is in Transmit Mode (see figure 14.12)

(6) After transmitting one frame, if the receiving device returns an error signal, the SCI sets the
ERS flag to 1 in SSR. If the RIE bit in SCR is set to the enable state, an ERI interrupt is
requested. The ERS flag should be cleared to 0 in SSR before the next parity bit sampling
timing.

(7) The TEND bit in SSR is not set for the frame in which the error signal was received, indicating
an error.

(8) If no error signal is returned from the receiving device, the ERS flag is not set in SSR.

(9) If no error signal is returned from the receiving device, transmission of the frame, including
retransmission, is assumed to be complete, and the TEND bit is set to 1 in SSR. If the TIE bit
in SCR is set to the enable state, a TXI interrupt is requested. If TXI is enabled as a DMA
transfer activation source, the next data can be written in TDR automatically. When the
DMAC writes data in TDR, it automatically clears the TDRE bit to 0.

Frame n Retransmitted frame
k—+—+7 Frame n + 1
—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—|9E,—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|LDs Do|D1|D2|D3|D4

J TDRE :
4 Transfer from TDR to TSR : 4 Transfer from TDR to TSR ?Dalgst]:;a[rfsr%m
TEND }
o )
ERS ]
e G

Figure 14.12 Retransmission in SCI Transmit Mode

Rev. 2.0, 02/03, page 527 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Rev. 2.0, 02/03, page 528 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Section 15 A/D Converter

15.1 Overview

The H8/3048B Series includes a 10-bit successive-approximations A/D converter with a selection
of up to eight analog input channels.

When the A/D converter is not used, it can be halted independently to conserve power. For details
see section 20.6, Module Standby Function.

15.1.1 Features
A/D converter features are listed below.

* 10-bit resolution
* Eight input channels
* Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog reference
voltage at the Vggr pin.

* High-speed conversion

Conversion time: Minimum 5.36 us per channel (with 25 MHz system clock)
¢ Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous conversion on one to four channels
* Four 16-bit data registers

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

e Sample-and-hold function
* A/D conversion can be externally triggered
¢ A/D interrupt requested at end of conversion
At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
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15.1.2  Block Diagram

Figure 15.1 shows a block diagram of the A/D converter.

Internal
Module data bus data bus
3
©
=
A000 00 |z
£
[2]
— =}
2 m
(2]
AV —» k=)
o2
32l |2lgl218] (%5
Vv 10-bitD/A L 2o |lalala GO
REF ™ ¥§‘&:‘JDDQQ |2
S E (< |<|< <
n X
AVgs —™ 2
Q.
]
ANO —
AN1 —
ANy —» -~ /8
Analog
AN multi- Control circuit
AN4 plexer Sample-and-
AN — hold circuit — $/16
AN6 — ™
AN7 — ™
A
? \—> ADI
ADTRG
Legend
ADCR: A/D control register

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

Figure 15.1 A/D Converter Block Diagram
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15.1.3  Input Pins

Table 15.1 summarizes the A/D converter’s input pins. The eight analog input pins are divided
into two groups: group 0 (AN, to AN3), and group 1 (AN, to AN;). AVc and AV are the power
supply for the analog circuits in the A/D converter. Vggr is the A/D conversion reference voltage.

Table 15.1 A/D Converter Pins

Abbre-
Pin Name viation /10 Function
Analog power supply pin AVcc Input Analog power supply
Analog ground pin AVss Input Analog ground and reference voltage
Reference voltage pin VRer Input Analog reference voltage
Analog input pin 0 ANo Input Group 0 analog inputs
Analog input pin 1 AN Input
Analog input pin 2 AN2 Input
Analog input pin 3 AN3 Input
Analog input pin 4 ANy Input Group 1 analog inputs
Analog input pin 5 ANs Input
Analog input pin 6 ANs Input
Analog input pin 7 AN7 Input
A/D external trigger input pin ADTRG Input External trigger input for starting A/D

conversion
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15.1.4  Register Configuration

Table 15.2 summarizes the A/D converter’s registers.

Table 15.2 A/D Converter Registers

Address™ Name Abbreviation R/W Initial Value
H'FFEO A/D data register A (high) ADDRAH R H'00
H'FFE1 A/D data register A (low) ADDRAL R H'00
H'FFE2 A/D data register B (high) ADDRBH R H'00
H'FFE3 A/D data register B (low) ADDRBL R H'00
H'FFE4 A/D data register C (high) ADDRCH R H'00
H'FFE5 A/D data register C (low) ADDRCL R H'00
H'FFE6 A/D data register D (high) ADDRDH R H'00
H'FFE7 A/D data register D (low) ADDRDL R H'00
H'FFE8 A/D control/status register ADCSR R/(W)*? H'00
H'FFE9 A/D control register ADCR R/W H7E™*

Notes: *1 Lower 16 bits of the address
*2 Only 0 can be written in bit 7, to clear the flag.
*3 Initial value is H'7F in mask ROM versions, PROM versions, and dual power supply

flash memory versions.
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15.2  Register Descriptions

15.2.1 A/D Data Registers A to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDRn ‘ADQ‘ADs‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘AD1‘ADO‘ O ‘ O ‘ O ‘ d ‘ O ‘ d ‘
Initial value o 0o o o o o 0 0O O O O o o o o o
Read/Write R R R R R R R R R R R R R R R R
(n=AtoD) ‘ ‘

A/D conversion data Reserved bits

10-bit data giving an
A/D conversion result

The four A/D data registers (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the upper
byte of the A/D data register. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of an A/D
data register are reserved bits that are always read as 0. Table 15.3 indicates the pairings of analog
input channels and A/D data registers.

The CPU can always read and write the A/D data registers. The upper byte can be read directly,
but the lower byte is read through a temporary register (TEMP). For details see section 15.3, CPU
Interface.

The A/D data registers are initialized to H'0000 by a reset and in standby mode.

Table 15.3 Analog Input Channels and A/D Data Registers

Analog Input Channel

Group 0 Group 1 A/D Data Register
ANo ANy ADDRA
AN ANs ADDRB
AN ANe ADDRC
AN3 AN7 ADDRD
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15.2.2  A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/I(W)* R/W R/W R/W R/W R/W R/W R/W

Channel select 2 to 0
These bits select analog
input channels

Clock select
Selects the A/D conversion time

Scan mode
Selects single mode or scan mode

A/D start
Starts or stops A/D conversion

A/D interrupt enable
Enables and disables A/D end interrupts

A/D end flag
Indicates end of A/D conversion

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

ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/D converter.
ADCSR is initialized to H'00 by a reset and in standby mode.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7: ADF Description

0 [Clearing condition] (Initial value)
Cleared by reading ADF while ADF = 1, then writing 0 in ADF

1 [Setting conditions]

Single mode: A/D conversion ends

Scan mode: A/D conversion ends in all selected channels
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Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6: ADIE Description
0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin.

Bit 5: ADST Description
0 A/D conversion is stopped (Initial value)
1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 when

conversion ends.

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a transition
to standby mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 15.4, Operation. Clear the ADST bit to 0 before switching
the conversion mode.

Bit 4: SCAN Description
0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Selects the A/D conversion time. Clear the ADST bit to 0 before
switching the conversion time.

Bit 3: CKS Description
0 Conversion time = 266 states (maximum) (Initial value)
1 Conversion time = 134 states (maximum)
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Bits 2 to 0—Channel Select 2 to 0 (CH2 to CHO): These bits and the SCAN bit select the analog
input channels. Clear the ADST bit to 0 before changing the channel selection.

Group
Selection Channel Selection Description
CH2 CH1 CHoO Single Mode Scan Mode
0 0 0 ANp (Initial value) ANo
1 AN ANp, ANy
1 0 AN, ANp to ANz
1 AN3 ANp to AN3
1 0 0 ANy ANy
1 ANs ANg, ANs
1 0 ANg ANy to ANg
1 ANy ANy to ANy

15.2.3  A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1 0
‘ TRGE ‘ O O O O O O O
Initial value 0 1 1 1 1 1 1 0
Read/Write R/W ad ad O O O ad d
Reserved bits
Trigger enable Reserved bit
Enables or disables external triggering of A/D conversion Must not be set to 1

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D
conversion. ADCR is initialized to H'7E by a reset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion.

Bit 7: TRGE Description
0 A/D conversion cannot be externally triggered (Initial value)
1 A/D conversion starts at the falling edge of the external trigger signal (ADTRG)

Bits 6 to 1—Reserved: Read-only bits, always read as 1.

Bit 0—Reserved: Do not set to 1.
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15.3 CPU Interface

ADDRA to ADDRD are 16-bit registers, but they are connected to the CPU by an 8-bit data bus.
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byte is read
through an 8-bit temporary register (TEMP).

An A/D data register is read as follows. When the upper byte is read, the upper-byte value is
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the
lower byte is read, the TEMP contents are transferred to the CPU.

When reading an A/D data register, always read the upper byte before the lower byte. It is possible
to read only the upper byte, but if only the lower byte is read, incorrect data may be obtained.

Figure 15.2 shows the data flow for access to an A/D data register.

Upper-byte read

Module data bus

CPU )
(HAA) Bus interface
TEMP
(H40)
ADDRNH ADDRnNL
(H'AA) (H40)
(n=AtoD)

Lower-byte read

Module data bus

CPU ’
(F40) Bus interface
TEMP
(H40)
ADDRNH ADDRNL
(H'AA) (H40)
(n=AtoD)

Figure 15.2 A/D Data Register Access Operation (Reading H'AA40)
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154  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes: single mode and scan mode.

15.4.1  Single Mode (SCAN =0)

Single mode should be selected when only one A/D conversion on one channel is required. A/D
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to 0 when
conversion ends.

When conversion ends the ADF bit is set to 1. If the ADIE bit is also set to 1, an ADI interrupt is
requested at this time. To clear the ADF flag to 0, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN,) is selected in single mode are described next.
Figure 15.3 shows a timing diagram for this example.

1. Single mode is selected (SCAN = 0), input channel AN, is selected (CH2 = CH1 =0,
CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

2. When A/D conversion is completed, the result is transferred into ADDRB. At the same time
the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomes idle.

Since ADF = 1 and ADIE = 1, an ADI interrupt is requested.
The A/D interrupt handling routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB).

Execution of the A/D interrupt handling routine ends. After that, if the ADST bitis setto I,
A/D conversion starts again and steps 2 to 7 are repeated.

Al
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Figure 15.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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15.4.2 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (AN, when CH2 = 0, AN, when CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second channel (AN, or
AN5s) starts immediately. A/D conversion continues cyclically on the selected channels until the
ADST bit is cleared to 0. The conversion results are transferred for storage into the A/D data
registers corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channels in group 0 (AN, to AN,) are selected in scan mode are
described next. Figure 15.4 shows a timing diagram for this example.

1. Scan mode is selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels
ANy to AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of the first channel (AN,) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN)) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN;).

4. When conversion of all selected channels (AN, to AN,) is completed, the ADF flag is set to 1
and conversion of the first channel (AN) starts again. If the ADIE bit is set to 1, an ADI
interrupt is requested at this time.

5. Steps 2 to 4 are repeated as long as the ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion
starts again from the first channel (ANy).
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Figure 15.4 Example of A/D Converter Operation

(Scan Mode, Channels AN, to AN, Selected)
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15.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at a time tp after the ADST bit is set to 1, then starts conversion. Figure 15.5 shows the A/D
conversion timing. Table 15.4 indicates the A/D conversion time.

As indicated in figure 15.5, the A/D conversion time includes tp and the input sampling time. The
length of tp varies depending on the timing of the write access to ADCSR. The total conversion
time therefore varies within the ranges indicated in table 15.4.

In scan mode, the values given in table 15.4 apply to the first conversion. In the second and
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states
when CKS = 1.

(1)

.l

Address bus I
Write signal

Input sampling
timing

ADF

tD tSPL

teony

Legend

(1):  ADCSR write cycle
(2): ADCSR address

tp: Synchronization delay
tspL:  Input sampling time
tconyv: A/D conversion time

Figure 15.5 A/D Conversion Timing
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Table 15.4 A/D Conversion Time (Single Mode)

CKS =0 CKS =1
Symbol Min Typ Max Min Typ Max
Synchronization delay to 10 — 17 6 — 9
Input sampling time tspL — 63 — — 31 —
A/D conversion time tconv 259 — 266 131 — 134

Note: Values in the table are numbers of states.

15.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit is set to 1 in ADCR, external
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pin sets the
ADST bit to 1 in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as if the ADST bit had been set to 1 by software. Figure 15.6 shows the
timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

1

Figure 15.6 External Trigger Input Timing
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15.5 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request can be enabled or disabled by the ADIE bit in ADCSR.

15.6  Usage Notes

When using the A/D converter, note the following points:

1.

Analog Input Voltage Range: During A/D conversion, the voltages input to the analog input
pins should be in the range AVgs < AN, < Vggr.

Relationships of AVcc and AVggto Ve and Vss: AV, AVss, Ve, and Vg should be related
as follows: AVgs = Vgs. AVcc and AVgg must not be left open, even if the A/D converter is not
used.

Vrer Programming Range: The reference voltage input at the Vygr pin should be in the range
Vrer € AVcc.

Failure to observe points 1, 2, and 3 above may degrade chip reliability.

4. Note on Board Design: In board layout, separate the digital circuits from the analog circuits as

much as possible. Particularly avoid layouts in which the signal lines of digital circuits cross or
closely approach the signal lines of analog circuits. Induction and other effects may cause the
analog circuits to operate incorrectly, or may adversely affect the accuracy of A/D conversion.

The analog input signals (AN, to AN5), analog reference voltage (Vygr), and analog supply
voltage (AVc) must be separated from digital circuits by the analog ground (AVgs). The
analog ground (AVgs) should be connected to a stable digital ground (Vss) at one point on the
board.
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. Note on Noise: To prevent damage from surges and other abnormal voltages at the analog
input pins (AN, to AN;) and analog reference voltage pin (Vygr), connect a protection circuit
like the one in figure 15.7 between AVc and AVs. The bypass capacitors connected to AV ¢
and Vggr and the filter capacitors connected to AN, to AN, must be connected to AVgg. If
filter capacitors like the ones in figure 15.7 are connected, the voltage values input to the
analog input pins (AN, to AN;) will be smoothed, which may give rise to error. Error can also
occur if A/D conversion is frequently performed in scan mode so that the current that charges
and discharges the capacitor in the sample-and-hold circuit of the A/D converter becomes
greater than that input to the analog input pins via input impedance R;,. The circuit constants
should therefore be selected carefully.

/\/

AVce

VRer

ANO to AN7

AVss

/\/

Notes: *1 Numeric values are approximate.

10 uF 0.01 uF

*2 Ryn: input impedance

Figure 15.7 Example of Analog Input Protection Circuit
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10 kQ

AN to AN O—K/\/\,—r» To A/D converter
i 20 pF

Note: Numeric values are approximate.

Figure 15.8 Analog Input Pin Equivalent Circuit

Table 15.5 Analog Input Pin Ratings

Item Min Max Unit

Analog input capacitance — 20 pF

Allowable signal-source impedance ¢©< 13 MHz — 10 kQ
®>13 MHz — 5 kQ

6. A/D Conversion Accuracy Definitions: A/D conversion accuracy in the H8/3048B Series is
defined as follows:

Resolution
Digital output code length of A/D converter
Offset error

Deviation from ideal A/D conversion characteristic of analog input voltage required to
raise digital output from minimum voltage value B'0000000000 to B'0000000001 (figure
15.10)

Full-scale error

Deviation from ideal A/D conversion characteristic of analog input voltage required to
raise digital output from B'1111111110 to B'1111111111 (figure 15.10)

Quantization error
Intrinsic error of the A/D converter; 1/2 LSB (figure 15.9)
Nonlinearity error

Deviation from ideal A/D conversion characteristic in range from zero volts to full scale,
exclusive of offset error, full-scale error, and quantization error.

Absolute accuracy

Deviation of digital value from analog input value, including offset error, full-scale error,
quantization error, and nonlinearity error.
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Digital

output
Ideal A/D conversion —=

111 + characteristic

110 |-

101 -

100 |-

011

010 L Quantization error

001

000 | | | | | | |

1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS

Analog input
voltage

Figure 15.9 A/D Converter Accuracy Definitions (1)
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Full-scale

Digital error
output i
Ideal A/D
conversion
characteristic
Nonlinearity
' error
ﬁ Actual A/D conversion
characteristic
FS
Analog input
Offset error voltage

Figure 15.10 A/D Converter Accuracy Definitions (2)

7. Allowable Signal-Source Impedance: The analog inputs of the H8/3048B Series are designed
to assure accurate conversion of input signals with a signal-source impedance not exceeding
10 kQ (@ < 13 MHz) or not exceeding 5 kQ (¢ > 13 MHz) (table 15.5). The reason for this
rating is that it enables the input capacitor in the sample-and-hold circuit in the A/D converter
to charge within the sampling time. If the sensor output impedance exceeds 10 kQ, charging
may be inadequate and the accuracy of A/D conversion cannot be guaranteed.

If a large external capacitor is provided in scan mode, then the internal 10-kQ input resistance
becomes the only significant load on the input. In this case the impedance of the signal source
is not a problem.

A large external capacitor, however, acts as a low-pass filter. This may make it impossible to
track analog signals with high dv/dt (e.g. a variation of 5 mV/us) (figure 15.11). To convert
high-speed analog signals or to use scan mode, insert a low-impedance buffer.

Rev. 2.0, 02/03, page 548 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

8. Effect on Absolute Accuracy: Attaching an external capacitor creates a coupling with ground,
so if there is noise on the ground line, it may degrade absolute accuracy. The capacitor must be
connected to an electrically stable ground, such as AVgs.

If a filter circuit is used, be careful of interference with digital signals on the same board, and
make sure the circuit does not act as an antenna.

H8/3048B Series
Equivalent circuit of

Sensor output impedance A/D converter
Up to 10 kQ (¢ < 13 MHz)
Up to 5 kQ (¢ > 13 MHz) 10 kQ
Sensorg/\/\/\/ . .
input l l
Cin =

Low-pass

flter E 15 pF
'Upto 0.1 uF

20 pF

Figure 15.11 Analog Input Circuit (Example)
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Section 16 D/A Converter

16.1 Overview

The H8/3048B Series includes a D/A converter with two channels.

16.1.1 Features
D/A converter features are listed below.

* Eight-bit resolution

* Two output channels

¢ Conversion time: maximum 10 ps (with 20-pF capacitive load)
¢ Output voltage: 0 V to 255/256 X Vg

¢ D/A outputs can be sustained in software standby mode
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16.1.2  Block Diagram

Figure 16.1 shows a block diagram of the D/A converter.

VRer

AV —™

JE—

DA, < 8-bitD/A

DA; =~

AVgg —™

Legend
DACR:
DADRO:
DADR1:

Module data bus

Internal
data bus

00 0 0

DADRO

DADR1

DACR
DASTCR

Bus interface

()

D/A control register
D/A data register 0
D/A data register 1

Control circuit

DASTCR: D/A standby control register

Figure 16.1 D/A Converter Block Diagram
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16.1.3  Input/Output Pins

Table 16.1 summarizes the D/A converter’s input and output pins.

Table 16.1 D/A Converter Pins

Pin Name Abbreviation 1/0 Function

Analog power supply pin AVcc Input Analog power supply

Analog ground pin AVss Input Analog ground and reference voltage
Analog output pin 0 DAo Output Analog output, channel 0

Analog output pin 1 DA Output Analog output, channel 1

Reference voltage input pin VRer Input Analog reference voltage

16.1.4  Register Configuration

Table 16.2 summarizes the D/A converter’s registers.

Table 16.2 D/A Converter Registers

Address™ Name Abbreviation R/W Initial Value
H'FFDC D/A data register 0 DADRO R/W H'00
H'FFDD D/A data register 1 DADR1 R/W H'00
H'FFDE D/A control register DACR R/W H'1F
H'FF5C D/A standby control register DASTCR R/W H'FE

Note: * Lower 16 bits of the address
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16.2  Register Descriptions

16.2.1 D/A Data Registers 0 and 1 (DADRO, DADR1)

Bit 7 6 5 4 3 2 1 0

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

The D/A data registers (DADRO and DADRI1) are 8-bit readable/writable registers that store the
data to be converted. When analog output is enabled, the D/A data register values are constantly

converted and output at the analog output pins.

The D/A data registers are initialized to H'00 by a reset and in standby mode.

16.2.2  D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0

‘ DAOE1 ‘ DAOEO‘ DAE ‘ O O 0 g g

Initial value 0 0 0 1 1 1 1 1

Read/Write R/W R/W R/W O O 0 ad a
D/A enable

Controls D/A conversion

D/A output enable 0
Controls D/A conversion and analog output

D/A output enable 1
Controls D/A conversion and analog output

DACR is an 8-bit readable/writable register that controls the operation of the D/A converter.
DACR is initialized to H'1F by a reset and in standby mode.

Bit 7—D/A Output Enable 1 (DAOE1): Controls D/A conversion and analog output.

Bit 7: DAOE1 Description
0 DA analog output is disabled (Initial value)
1 Channel-1 D/A conversion and DA+ analog output are enabled

Rev. 2.0, 02/03, page 554 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Bit 6—D/A Output Enable 0 (DAOEOQ): Controls D/A conversion and analog output.

Bit 6: DAOEO Description
0 DAg analog output is disabled (Initial value)

1 Channel-0 D/A conversion and DA, analog output are enabled

Bit 5—D/A Enable (DAE): Controls D/A conversion, together with bits DAOE(O and DAOE].
When the DAE bit is cleared to 0, analog conversion is controlled independently in channels 0 and
1. When the DAE bit is set to 1, analog conversion is controlled together in channels 0 and 1.
Output of the conversion results is always controlled independently by DAOEO and DAOEI.

Bit 7: Bit 6: Bit 5:
DAOE1 DAOEO DAE Description
0 0 — D/A conversion is disabled in channels 0 and 1
1 0 D/A conversion is enabled in channel 0
D/A conversion is disabled in channel 1
D/A conversion is enabled in channels 0 and 1
1 0 0 D/A conversion is disabled in channel 0
D/A conversion is enabled in channel 1
1 D/A conversion is enabled in channels 0 and 1
1 — D/A conversion is enabled in channels 0 and 1

When the DAE bit is set to 1, even if bits DAOEO and DAOEI in DACR and the ADST bit in
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A/D
and D/A conversion.

Bits 4 to 0—Reserved: Read-only bits, always read as 1.
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16.2.3 D/A Standby Control Register (DASTCR)

DASTCR is an 8-bit readable/writable register that enables or disables D/A output in software

standby mode.
Bit 7 6 5 4 3 2 1 0
O ‘ O 0 O ad d O ‘ DASTE ‘
Initial value 1 1 1 1 1 1 1 0
Read/Write g g g g | g g R/W
Reserved bits
D/A standby enable

Enables or disables D/A output
in software standby mode

DASTCR is initialized to H'FE by a reset and in hardware standby mode. It is not initialized in

software standby mode.
Bits 7 to 1—Reserved: Read-only bits, always read as 1.

Bit 0—D/A Standby Enable (DASTE): Enables or disables D/A output in software standby

mode.

Bit 0: DASTE Description
0 D/A output is disabled in software standby mode (Initial value)

1 D/A output is enabled in software standby mode
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16.3  Operation

The D/A converter has two built-in D/A conversion circuits that can perform conversion
independently.

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADRI1 value
is modified, conversion of the new data begins immediately. The conversion results are output
when bits DAOEO and DAOE] are set to 1.

An example of D/A conversion on channel 0 is given next. Timing is indicated in figure 16.2.

1. Data to be converted is written in DADRO.
2. Bit DAOEDQ is set to 1 in DACR. D/A conversion starts and DA, becomes an output pin. The
converted result is output after the conversion time. The output value is (DADRO contents/256)
X Vggr. Output of this conversion result continues until the value in DADRO is modified or the
DAOEQO bit is cleared to 0.
3. Ifthe DADRO value is modified, conversion starts immediately, and the result is output after
the conversion time.
4. When the DAOEQ bit is cleared to 0, DA, becomes an input pin.

Address
bus

DADRO

DAOEO

DA,

Legend

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
>< Conversion data 1 Conversion data 2
Conversion
Conversion result 2 —
High-impedance state result 1 )
tbconv tbconv

tpconv: D/A conversion time

Figure 16.2 Example of D/A Converter Operation
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164  D/A Output Control

In the H8/3048B Series, D/A converter output can be enabled or disabled in software standby
mode.

When the DASTE bit is set to 1 in DASTCR, D/A converter output is enabled in software standby
mode. The D/A converter registers retain the values they held prior to the transition to software
standby mode.

When D/A output is enabled in software standby mode, the reference supply current is the same as
during normal operation.
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Section 17 RAM

17.1 Overview

The H8/3048B Series has 4 kbytes of high-speed static RAM on-chip. The RAM is connected to
the CPU by a 16-bit data bus. The CPU accesses both byte data and word data in two states,
making the RAM useful for rapid data transfer.

The on-chip RAM of the H8/3048B Series is assigned to addresses H'FEF10 to H'FFFOF in modes
1,2,5,and 7, and to addresses HFFEF10 to HFFFFOF in modes 3, 4, and 6. The RAM enable bit
(RAME) in the system control register (SYSCR) can enable or disable the on-chip RAM.
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17.1.1 Block Diagram

Figure 17.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

N N

Internal data bus (lower 8 bits)

VI

Bus interface SYSCR
H'FEF10* H'FEF11*
H'FEF12* H'FEF13*
- On-chip RAM -
H'FFFOE* H'FFFOF*
Even addresses Odd addresses

Legend
SYSCR: System control register

Note: * This example is of the operating in mode 7. The lower 20 bits of the address are shown.

Figure 17.1 RAM Block Diagram

17.1.2  Register Configuration

The on-chip RAM is controlled by SYSCR. Table 17.1 gives the address and initial value of
SYSCR.

Table 17.1 System Control Register

Address™ Name Abbreviation R/IW Initial Value

H'FFF2 System control register SYSCR R/W H'0B

Note: * Lower 16 bits of the address.
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17.2  System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STSH1 ‘ STSO ‘ UE ‘NMIEG‘ O ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W a R/W
RAM enable
Enables or
disables
on-chip RAM
Reserved bit
NMI edge select

User bit enable

Standby timer select 2 to 0
Software standby

One function of SYSCR is to enable or disable access to the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bit in SYSCR. For details about the other bits, see section 3.3,
System Control Register (SYSCR).

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

Bit 0: RAME Description
0 On-chip RAM is disabled
1 On-chip RAM is enabled (Initial value)
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17.3  Operation

When the RAME bit is set to 1, the on-chip RAM is enabled. Accesses to addresses HFEF10 to
H'FFFOF in the H8/3048B Series in modes 1, 2, 5, and 7, addresses HFFEF10 to HFFFFOF in the
H8/3048B Series in modes 3, 4, and 6 are directed to the on-chip RAM. In modes 1 to 6
(expanded modes), when the RAME bit is cleared to 0, the off-chip address space is accessed. In
mode 7 (single-chip mode), when the RAME bit is cleared to 0, the on-chip RAM is not accessed:
read access always results in H'FF data, and write access is ignored.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written
and read by word access. It can also be written and read by byte access. Byte data is accessed in
two states using the upper 8 bits of the data bus. Word data starting at an even address is accessed
in two states using all 16 bits of the data bus.
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Section 18 ROM
(H8/3048F-ONE: Single Power Supply,
H8/3048B Mask ROM Version)

18.1  Flash Memory Overview

18.1.1 Notes on H8/3048F-ONE (Single Power Supply)

There are two models of the H8/3048F-ZT AT with on-chip flash memory: a dual power supply
model (H8/3048F) and single power supply model (H8/3048F-ONE). Points to be noted when
using the H8/3048F-ONE single power supply is given below.

For the differences between the dual power supply model and single power supply model
(H8/3048F-ONE), see section 1.4.3, Differences between H8/3048F and H8/3048F-ONE.

(1) Voltage Application

12 V must not be applied to the H8/3048F-ONE (single power supply), as this will
permanently damage the device.

The flash memory programming power supply for the H8/3048F-ONE (single power supply) is
Ve

The programming power supply for the dual power supply model is the Vpp pin (12 V), but there
is no Vpp pin in the single power supply model. In the H8/3048F-ONE (single power supply)
model the FWE pin is provided at the same pin position as the Vpp pin in the dual power source
model, but FWE is not a power supply pin—it is used to control flash memory write enabling.
Also, in boot mode, 12 V must be applied to the MD, pin in the dual power supply model, but this
is not necessary in the H8/3048F-ONE (single power supply).

The maximum rating of the FWE and MD, pins in the H8/3048F-ONE (single power supply)
is Vcc +0.3 V. Applying a voltage in excess of the maximum rating will permanently damage
the device.

Do not select the HN28F101 programmer setting for the H8/3048F-ONE (single power
supply). If this setting is made by mistake, 12.0 V will be applied to the FWE pin,
permanently damaging the device.

When using a PROM programmer to program the on-chip flash memory in the H8/3048F-
ONE (single power supply), use a PROM programmer that supports Hitachi microcomputer
device types with 128-kbyte on-chip flash memory.
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18.1.2 Mode Pin Settings

The H8/3048F-ONE has 128 kbytes of on-chip flash memory. The flash memory is connected to
the CPU by a 16-bit data bus. The CPU accesses both byte data and word data in two states,
enabling rapid data transfer.

The mode pins (MD, to MDy), FWE pin, and RXD1 pin can be set to enable or disable the on-chip
ROM as indicated in table 18.1.

Table 18.1 Operating Mode and ROM

Pin Name
Mode MD; MD- MDo FWE RXD1 On-Chip ROM
Mode 1 0 0 1 0 0/1 Disabled (external
(1-Mbyte expanded mode address area)
with on-chip ROM disabled)
Mode 2 0 1 0 0 0N

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

Mode 3 0 1 1 0 0/1
(16-Mbyte expanded mode
with on-chip ROM disabled)

Mode 4 1 0 0 0 0/1
(16-Mbyte expanded mode
with on-chip ROM disabled)

Mode 5 1 0 1 0 0/1 Enabled
(1-Mbyte expanded mode
with on-chip ROM enabled)

Mode 6 1 1 0 0 0/1
(16-Mbyte expanded mode
with on-chip ROM enabled)

Mode 7 (single-chip mode) 1 1 1 0 0N

The H8/3048F-ONE can be set to PROM mode and programmed with a general-purpose PROM
programmer.
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18.2  Flash Memory Features

The H8/3048F-ONE has 128 kbytes of on-chip flash memory. The features of the flash memory
are summarized below.

¢ Four flash memory operating modes
U Program mode
O Erase mode
0 Program-verify mode
O Erase-verify mode
* Programming/erase methods

The flash memory is programmed 128 bytes at a time. Block erase (in single-block units) can
be performed. To erase the entire flash memory, each block must be erased in turn. Block
erasing can be performed as required on 1 kbyte, 28 kbytes, and 32 kbytes blocks.

* Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 128-byte programming,
equivalent approximately to 80 us (typ.) per byte, and the erase time is 100 ms (typ.).

* Reprogramming capability
The flash memory can be reprogrammed up to 100 times.
¢ On-board programming modes
There are two modes in which flash memory can be programmed/erased/verified on-board:
0 Boot mode
U User program mode
In the boot mode, the transferred program from the host can be recognized.
e Automatic bit rate adjustment

With data transfer in boot mode, the LSI’s bit rate can be automatically adjusted to match the
transfer bit rate of the host.

* Flash memory emulation in RAM

Flash memory programming can be emulated in real time by overlapping a part of RAM onto
flash memory.

* Protect modes
There are three protect modes, hardware, software, and error which allow protected status to be
designated for flash memory program/erase/verify operations.

*  PROM mode
Flash memory can be programmed/erased in PROM mode, using a PROM programmer, as
well as in on-board programming mode.
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18.2.1 Block Diagram

A

Internal address bus

Internal data bus (16 bits)

< {FLMCRT}— O
< >[FLMCR2}»
< [ EBR >

Operating FWE pin
mode Mode pin

Bus interface/controller -

Module bus

Flash memory
(128 kbytes)

Legend

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR: Erase block register

RAMCR: RAM control register

Note: Never apply 12 V to the H8/3048F-ONE (single power supply).
Otherwise, the LSI will be permanently damaged.

Figure 18.1 Block Diagram of Flash Memory

18.2.2 Mode Transitions

When the mode pins and the FWE pin are set in the reset state and a reset-start is executed, the
microcomputer enters an operating mode as shown in figure 18.2. In user mode, flash memory can
be read but not programmed or erased.

The boot, user program and PROM modes are provided as modes to write and erase the flash

memory.
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Notes:

%1 %3 Reset state

User mode

PROM mode

User
program mode

Boot mode

On-board programming mode

Only make a transition between user mode and user program mode when the CPU is not accessing
the flash memory.

*1 RAM emulation possible

*2 The H8/3048F-ONE is placed in PROM mode by means of a dedicated PROM writer.
*3 Mode settings are shown in the following table.

*4  For pins RXD1 and TXD1, use on-board pull-up in boot mode.

Pins
Mode

FWE | MD, | MD; | MDgy |RXD1
Mode 1 0 0 0 1 0/1
Mode 2 0 1 0 0/1
Mode 3 0 1 1 0/1
Mode 4 1 0 0 0/1
Mode 5 1 0 1 0/1
Mode 6 1 1 0 0/1
Mode 7 1 1 1 0/1
Boot mode 5 1 0 0 1 14
Boot mode 6 0 1 0 14
Boot mode 7 0 1 1 14
Setting prohibited 1 0 0 1
User program mode 5 1 0 1 0/1
User program mode 6 1 1 0 01
User program mode 7 1 1 1 0/1

Figure 18.2 Flash Memory State Transitions
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State transitions between the normal user mode and on-board programming mode are performed
by changing the FWE pin level from high to low or from low to high. To prevent misoperation
(erroneous programming or erasing) in these cases, the bits in the flash memory control registers
(FLMCR1 and FLMCR2) should be cleared to 0 before making such a transition. After the bits
are cleared, a wait time is necessary. Normal operation is not guaranteed if this wait time is
insufficient.
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18.2.3  On-Board Programming Modes

Boot Mode
1. Initial state 2. Programming control program transfer
The old program version or data remains written When boot mode is entered, the boot program in
in the flash memory. The user should prepare the the H8/3048F-ONE (originally incorporated in the
programming control program and new chip) is started and the programming control
application program beforehand in the host. program in the host is transferred to RAM via SCI
communication. The boot program required for
flash memory erasing is automatically transferred
to the RAM boot program area.
Host Host
Programming control T
program o |
New application ) New application
program program
H8/3048F-ONE H8/3048F-ONE
N SCI N SCI
=
Flash memory RAM Flash memory RAM 1

Boot program area

Application program

Application program Programming control
(old version) (old version) program

3. Flash memory initialization 4. Writing new application program
The erase program in the boot program area (in The programming control program is recognized
RAM) is executed, and the flash memory is if it corresponds to the H8/3048F-ONE.
initialized (to H'FF). In boot mode, total flash The programming control program is then
memory erasure is performed, without regard to transferred from the host to RAM is executed,
blocks.

and the new application program in the host is
written into the flash memory.

Host Host
New application ) 1””””””””—]
program | !
H8/3048F-ONE H8/3048F-ONE
Boot program sCl Boot program / SC
Flash memory RAM Flash memory RAM
Boot program area Boot program area
3

Flash memory

f Programming control New application Programming control <

erase

Program execution state

Note: Never apply 12 V to the H8/3048F-ONE (single power supply).
Otherwise, the LS| will be permanently damaged.
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User Program Mode

1.

Initial state

The FWE assessment program that confirms that

user program mode has been entered, and the

program that will transfer the programming/erase

control program from flash memory to on-chip
RAM should be written into the flash memory by
the user beforehand. The programming/erase

control program should be prepared in the host or

in the flash memory.
Host

Programming/
erase control program
New application
program

H8/3048F-ONE

Boot program SC

Flash memory RAM

FWE assessment
Lo program __ __

Transfer program

Application program
(old version)

. Flash memory initialization

The programming/erase program in RAM is
executed, and the flash memory is initialized (to
H’FF). Erasing can be performed in block units,
but not in byte units.

Host

New application
program

H8/3048F-ONE

SCI
Boot program

Flash memory RAM

FWE assessment
Lo program __ _ _

Transfer program

Programming/ \\
erase control program

Flash memory
erase

Note: Never apply 12 V to the H8/3048F-ONE (single power supply).

Otherwise, the LS| will be permanently damaged.

2. Programming/erase control program transfer
When user program mode is entered, user
software confirms this fact, executes transfer
program in the flash memory, and transfers the
programming/erase control program to RAM.

New application
program

H8/3048F-ONE

Boot program SCl

Flash memory RAM

FWE assessment
RO\ _Program AN\
Transfer program

Programming/
erase control program

Application program|
(old version)

4. Writing new application program

Next, the new application program in the host is
written into the erased flash memory blocks. Do

not write to unerased blocks.

Host

H8/3048F-ONE

SCI
Boot program

Flash memory RAM

FWE assessment
I program __ __

Transfer program

Programming/ \]
[\erase control program

New application
program

N Program execution state
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18.2.4  Flash Memory Emulation in RAM

In the H8/3048F-ONE, flash memory programming can be emulated in real time by overlapping
the flash memory with part of RAM ("overlap RAM"). When the emulation block set in RAMCR
is accessed while the emulation function is being executed, data written in the overlap RAM is
read. Emulation should be performed in user mode or user program mode.

SCI

Flash memory RAM

Overlap RAM
(emulation is performed
on data written in RAM)

Figure 18.3 Reading Overlap RAM Data in User Mode or User Program Mode

When overlap RAM data is confirmed, clear the RAMS bit to release RAM overlap, and actually
perform writes to the flash memory.

When the programming control program is transferred to RAM in on-board programming mode,
ensure that the transfer destination and the overlap RAM do not overlap, as this will cause data in
the overlap RAM to be rewritten.
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SClI

Flash memory RAM

Programming data

Overlap RAM

Application program (programming data)

Programming control
program execution state

Figure 18.4 Writing Overlap RAM Data in User Program Mode

18.2.5 Differences between Boot Mode and User Program Mode

Item Boot Mode User Program Mode

Total erase Yes No

Block erase No Yes

Programming control program® Boot program is initiated, Program that controls
and programming control programming program in flash
program is transferred from memory is executed. Program
host to on-chip RAM, and should be written beforehand in
executed there. PROM mode and boot mode.

Note: *To be provided by the user, in accordance with the recommended algorithm.
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18.2.6  Block Configuration

The flash memory in the H8/3048F-ONE is divided into three 32-kbyte blocks, one 28-kbyte
block, and four 1-kbyte blocks and can be erased in these block units.

Address H’'00000
1 kbyte x 4
28 kbytes
128 kbytes 32 kbytes
32 kbytes
32 kbytes

Address H'1FFFF

Figure 18.5 Erase Area Block Divisions

18.3  Flash Memory Pin Configuration
The flash memory is controlled by means of the pins shown in table 18.2.

Table 18.2 Pin Configuration

Pin Name Abbreviation 1/0 Function

Reset RES Input Reset

Flash write enable FWE*' Input Flash program/erase protection by hardware
Mode 2 MD2*' Input Sets LS| operating mode

Mode 1 MD1 Input Sets LS| operating mode

Mode 0 MDO Input Sets LS| operating mode

Transmit data TxD1* Output  Serial transmit data output

Receive data RxD1*? Input Serial receive data input

Notes: *1 Never apply 12 V to the H8/3048F-ONE (single power supply).
Otherwise, the LSI will be permanently damaged.

*2 In boot mode, use on-board pull-up.
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18.4  Flash Memory Register Configuration
The registers™ used to control the on-chip flash memory when enabled are shown in table 18.3.

Note: * Access is prohibited to lower 16 address bits H'FF43 to H'FF46 and H'FF48 to H'FF4F.
These bits are designed for the on-chip flash memory version and do not exist in the on-
chip mask ROM version.

In the on-chip mask ROM version, these bits always read 1, and writing is disabled.

Table 18.3 Register Configuration

Register Name Abbreviation R/W Initial Value  Address™’
Flash memory control register 1 FLMCR1* R/W*2 H'00** H'FF40
Flash memory control register 2 FLMCR2* RW*2* H00 H'FF41
Erase block register EBR™® RW*  H00* H'FF42
RAM control register RAMCR*® RW H'FO H'FF47

Notes: *1 Lower 16 bits of the address.

*2 If the chip is in a mode in which the on-chip flash memory is disabled, a read will return
H'00 and writes are invalid. Writes are also invalid when the FWE bit in FLMCR1 is not
set to 1.

*3 When a high level is input to the FWE pin, the initial value is H'80.

*4 \When a low level is input to the FWE pin, or if a high level is input and the SWE bit in
FLMCR1 is 0, these registers are initialized to H'00.

*5 FLMCR1, FLMCR2, EBR, and RAMCR are 8-bit registers.
Byte access must be used on these registers (do not use word or longword access).
*6 Bits 6 to O are reserved bits but are readable/writable.

18.5  Flash Memory Register Descriptions

18.5.1 Flash Memory Control Register 1 (FLMCR1)

Bit 7 6 5 4 3 2 1 0

\ FWE \ SWE \ ESU \ PSU \ EV \ PV \ E \
Initial value —* 0 0 0 0 0 0 0
Read/Write R RIW RIW RIW RIW RIW RIW RIW

Note: * Determined by the state of the FWE pin.

FLMCRUI is an 8-bit register used for flash memory operating mode control. Program-verify mode
or erase-verify mode for addresses H'00000 to H'1FFFF is entered by setting SWE bit to 1 when
FWE = 1, then setting the PV or EV bit. Program mode for addresses H'00000 to H'1FFFF is
entered by setting SWE bit to 1 when FWE = 1, then setting the PSU bit, and finally setting the P
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bit. Erase mode for addresses H'00000 to H'1FFFF is entered by setting SWE bit to 1 when FWE
= 1, then setting the ESU bit, and finally setting the E bit. FLMCRI1 is initialized by a reset, and in
hardware standby mode and software standby mode. Its initial value is H'80 when a high level is
input to the FWE pin, and H'00 when a low level is input. When on-chip flash memory is disabled,
a read will return H'00, and writes are invalid. Set 1 to bits 6 to 0 by each bit in this register.

Writes are enabled only in the following cases: Writes to bit SWE of FLMCRI1 enabled when
FWE = 1, to bits ESU, PSU, EV, and PV when FWE = 1 and SWE = 1, to bit E when FWE =1,
SWE =1 and ESU =1, and to bit P when FWE =1, SWE =1, and PSU = 1.

Notes: 1. The programming and erase flowcharts must be followed when setting the bits in this
register to prevent erroneous programming or erasing.
2. Transitions are made to program mode, erase mode, program-verify mode, and erase-
verify mode according to the settings in this register. When reading flash memory as
normal on-chip ROM, bits 6 to 0 in this register must be cleared.

Bit 7—Flash Write Enable Bit (FWE): Sets hardware protection against flash memory
programming/erasing.

Bit 7: FWE Description
0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin

Bit 6—Software Write Enable Bit (SWE): Enables or disables flash memory programming and
erasing (applicable addresses: H'00000 to H'1FFFF). Set this bit when setting bits 5 to 0, bits 7 to
0 of EBR.

Bit 6: SWE Description
0 Writes disabled (Initial value)
1 Writes enabled™

[Setting condition]

When FWE = 1

Note: * Do not execute a SLEEP instruction while the SWE bit is set to 1.

Bit 5—Erase Setup Bit (ESU): Prepares for a transition to erase mode (applicable addresses:
H'00000 to H'1FFFF). Do not set the SWE, PSU, EV, PV, E, or P bit at the same time. Set this bit
to 1 before setting bit E to 1 in FLMCRI.
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Bit 5: ESU Description

0 Erase setup cleared

(Initial value)

1 Erase setup
[Setting condition]
When FWE = 1 and SWE =1

Bit 4—Program Setup Bit (PSU): Prepares for a transition to program mode (applicable
addresses: H'00000 to H'1FFFF). Do not set the SWE, ESU, EV, PV, E, or P bit at the same time.

Set this bit to 1 before setting bit P to 1 in FLMCRI.

Bit 4: PSU Description
0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When FWE = 1 and SWE =1

Bit 3—Erase-Verify Bit (EV): Selects erase-verify mode transition or clearing (applicable
addresses: H'00000 to H'1FFFF). Do not set the SWE, ESU, PSU, PV, E, or P bit at the same time.

Bit 3: EV Description
0 Erase-verify mode cleared (Initial value)
1 Transition to erase-verify mode

[Setting condition]
When FWE =1 and SWE =1

Bit 2—Program-Verify Bit (PV): Selects program-verify mode transition or clearing (applicable
addresses: H'00000 to H'1FFFF). Do not set the SWE, ESU, PSU, EV, E, or P bit at the same time.

Bit 2: PV Description
0 Program-verify mode cleared (Initial value)
1 Transition to program-verify mode

[Setting condition]
When FWE =1 and SWE =1
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Bit 1—Erase Bit (E): Selects erase mode transition or clearing (applicable addresses: H'00000 to
H'IFFFF). Do not set the SWE, ESU, PSU, EV, PV, or P bit at the same time.

Bit1: E Description
0 Erase mode cleared (Initial value)
1 Transition to erase mode™

[Setting condition]
When FWE =1, SWE =1, and ESU =1

Note: * Do not access flash memory while the E bit is set to 1.

Bit 0—Program Bit (P): Selects program mode transition or clearing (applicable addresses:
H'00000 to H'1FFFF). Do not set the SWE, PSU, ESU, EV, PV, or E bit at the same time.

Bit0: P Description
0 Program mode cleared (Initial value)
1 Transition to program mode™

[Setting condition]
When FWE = 1, SWE =1, and PSU =1

Note: * Do not access flash memory while the P bit is set.

18.5.2  Flash Memory Control Register 2 (FLMCR?2)

Bit 7 6 5 4 3 2 1 0
L = = e = =

Initial value 0 0 0 0 0 0 0 0

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

FLMCR?2 is an 8-bit register used for flash memory operating mode control. FLMCR?2 is
initialized to H'00 by a reset, and in hardware standby mode and software standby mode. When
the on-chip flash memory is disabled, a read will return H'00.

Note: Bits 6 to 0 are reserved bits but are readable/writable.
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Bit 7—Flash Memory Error (FLER): Indicates that an error has occurred during an operation on
flash memory (programming or erasing). When FLER is set to 1, flash memory goes to the error-
protection state.

Bit 7:
FLER Description
0 Flash memory is operating normally
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Reset (RES pin or WDT reset) or hardware standby mode (Initial value)
1 An error occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection) is enabled
[Setting conditions]
«  When flash memory is read during programming/erasing (including a vector read

or instruction fetch, but excluding a read of the RAM area overlapping flash
memory space)

* Immediately after the start of exception handling during programming/erasing
(excluding reset, illegal instruction, trap instruction, and division-by-zero exception
handling)

* When a SLEEP instruction (including software standby) is executed during
programming/erasing

¢ When the bus is released during programming/erasing

Bits 6 to 0—Reserved: These bits are readable/writable.

18.5.3  Erase Block Register (EBR)

EBR is an 8-bit register that designates the flash memory block for erasure. EBR is initialized to
H'00 by a reset, in hardware standby mode or software standby mode, when a high level is not
input to the FWE pin, or when the SWE bit in FLMCRI is 0 when a high level is applied to the
FWE pin. When a bit is set in EBR, the corresponding block can be erased. Other blocks are erase-
protected. The blocks are erased block by block. Therefore, set only one bit in EBR; do not set bits
in EBR to erase two or more blocks at the same time.

Each bit in EBR cannot be set until the SWE bit in FLMCRI1 is set. The flash memory block
configuration is shown in table 18.4. To erase all the blocks, erase each block sequentially.
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Bit 7 6 5 4 3 2 1 0
| EB7 | EB6| EB5 | EB4 | EB3 | EB2 | EB1 | EBO |

Modes | Initial value 0 0 0 0 0 0 0 0
1to4 |Read/Write R R R R R R R R
Modes | Initial value 0 0 0 0 0 0 0 0
5to7 | Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 to 0—Block 7 to Block 0 (EB7 to EB0): Setting one of these bits specifies the
corresponding block (EB7 to EBO) for erasure.

Bits 7-0:

EB7-EBO Description

0 Corresponding block (EB7 to EBO) not selected (Initial value)
1 Corresponding block (EB7 to EBO) selected

Note: When not performing an erase, clear EBR to H'00.

Table 18.4 Flash Memory Erase Blocks

Block (Size) Address

EBO (1 kbyte) H'000000-H'0003FF
EB1 (1 kbyte) H'000400-H'0007FF
EB2 (1 kbyte) H'000800-H'000BFF
EB3 (1 kbyte) H'000C00—H'000FFF
EB4 (28 kbytes) H'001000-H'007FFF
EB5 (32 kbytes) H'008000-H'00FFFF
EB6 (32 kbytes) H'010000-H'017FFF
EB7 (32 kbytes) H'018000-H'01FFFF
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18.5.4 RAM Control Register (RAMCR)

Bit 7 6 5 4 3 2 1 0
| O | O | O | O | RAMS | RAM2 | RAM1 | O |
Modes Initial value 1 1 1 1 0 0 0 0
1to4 |Read/Write | ad O ad R R R O
Modes | Initial value 1 1 1 1 0 0 0 0
5t07 | Read/Write O O O O R/W R/W R/W R/W
Reserved bits Reserved bit
RAM2, RAM1

Used together with bit 3 to select
a flash memory area

RAM select
Used together with bits 2 and 1 to select
a flash memory area

RAMCR selects the RAM area to be used when emulating real-time flash memory programming.
RAMCR initialized to H'FO by a reset and in hardware standby mode. It is not initialized in
software standby mode. RAMCR settings should be made in user mode or user program mode.*

RAM area settings are shown in table 18.5. 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 access immediately after register modification
is not guaranteed.

Bits 7 to 4—Reserved: These bits always read 1. Writing is disabled.

Bit 3—RAM Select (RAMS): Specifies selection or non-selection of flash memory emulation in
RAM. When RAMS = 1, all flash memory block are program/erase-protected.

Bit 3: RAMS Description

0 Emulation not selected (Initial value)

Program/erase-protection of all flash memory blocks is disabled

1 Emulation selected
Program/erase-protection of all flash memory blocks is enabled
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Bits 2 and 1—RAM2 and RAM1: These bits are used with bit 3 to reassign an area to RAM (see
table 18.5).

Bit 0—Reserved: This bit is readable/writable.

Note: * When performing flash memory emulation by RAM, the RAME bit in SYSCR must be set
to 1.

Table 18.5 RAM Area Setting

Bit 3 Bit 2 Bit 1
RAM Area RAMS RAM2 RAM1 RAM Emulation Status
H’FFFO00-H’FFF3FF 0 0/1 0/1 No emulation
H’000000—H’0003FF 1 0 0 Mapping RAM
H’000400-H’0007FF 1 0 1
H’000800—H’000BFF 1 1 0
H’000C00-H’000FFF 1 1 1
ROM area RAM area
H'000000 H'FFEF10
EBO
H'0003FF HFFEFFF  RaM
H'000400 H'FFF000
ROM blocks EB1 ROM selection | Actual RAM ov’erlap area
EBO EB3 H'0007FF area H'FFF3FF (H FFF000
fﬁkj&fﬁgg H'000800 [ Mapping RAM H'FFF400 HFFF3FF)
) H’000BFE EB2 RAM selection H'FEFFOF
H’000C00 area
EB3
H'000FFF

Figure 18.6 Example of ROM Area/RAM Area Overlap
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18.6  Flash Memory On-Board Programming Modes

When pins are set to on-board programming mode and a reset-start is executed, a transition is
made to the on-board programming state in which program/erase/verify operations can be
performed on the on-chip flash memory. There are two on-board programming modes: boot mode
and user program mode. The pin settings for transition to each of these modes are shown in table
18.6. For a diagram of the transitions to the various flash memory modes, see figure 18.2.

Table 18.6 Setting On-Board Programming Modes

Mode FWE*? MD2*2 MD1 MDO RxD1  Notes
Boot mode Mode 5 1% 0*! 0 1 13 0: Vi
Mode 6 0*! 1 0 1% 1: Vi
Mode 7 0*! 1 1 1%
User program mode Mode 5 1% 0 1 0/1
Mode 6 1% 1 0 0/1
Mode 7 1% 1 1 0/1

Notes: *1 (1) For the high-level application timing, see Notes on Use of Boot Mode.
(2) In boot mode, the inverse of the MD- setting should be input.

(3) In boot mode, the mode control register (MDCR) can be used to monitor the status
of modes 5, 6, and 7, in the same way as in normal mode.

*2 Never apply 12 V to the H8/3048F-ONE (single power supply). If do so, the LSI will be
permanently damaged.

*3 For pins RXD1 and TXD1, use on-board pull-up.

18.6.1 Boot Mode

When boot mode is used, the flash memory programming control program must be prepared in the
host beforehand. The SCI channel to be used is set to asynchronous mode.

When a reset-start is executed after H8/3048F-ONE’s pins have been set to boot mode, the boot
program built into the LSI is started and the programming control program prepared in the host is
serially transmitted to the LSI via the SCI. In the LSI, the programming control program received
via the SCI is written into the programming control program area in on-chip RAM. After the
transfer is completed, the programming control program is recognized (the ID code is checked) if
it corresponds to the H8/3048F-ONE. When the ID code is matched, control branches to the start
address of the programming control program area and the programming control program execution
state is entered (flash memory programming is performed).

The transferred programming control program must therefore include coding that follows the
programming algorithm given later.
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The system configuration in boot mode is shown in figure 18.7, and the boot mode execution
procedure in figure 18.8.

H8/3048F-ONE

Flash memory

Host Write data reception
» RXD1*
Verify data transmission SCI1 > On-chip RAM
- TXD1*

Note: * For pins RXD1 and TXD1, use on-board pull-up.

Figure 18.7 System Configuration in Boot Mode
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Set pins to boot program mode and execute reset-start

Host transfers data (H'00) continuously at prescribed
bit rate

H8/3048F-ONE measures low period of H'00 data
transmitted by host

H8/3048F-ONE calculates bit rate and sets value in bit
rate register

After bit rate adjustment, H8/3048F-ONE transmits one
H’00 data byte to host to indicate end of adjustment

Host confirms normal reception of bit rate adjustment
end indication (H’'00), and transmits one H'55 data byte

After receiving H'55, H8/3048F-ONE transmits one
H’AA byte to host

Host transmits number of programming control program
bytes (N), upper byte followed by lower byte

H8/3048F-ONE transmits received number of bytes to
host as verify data (echo-back)

n=1

Host transmits programming control program
sequentially in byte units

H8/3048F-ONE transmits received programming
control program to host as verify data (echo-back)

Transfer received programming control program to
on-chip RAM

No

End of transmission

Check flash memory data, and if data has already been
written, erase all blocks

Confirm that all flash memory data has been erased*

Check ID code at beginning of user program transfer
area

(Mismatch)

| (Match)

A

Transmit one H'AA byte to host

Transmit H'FF as
error notification

Execute programming control program transferred to
on-chip RAM

Note: * If a memory cell does not operate normally and cannot be erased, one H’FF byte is transmitted as an erase error
indication, and the erase operation and subsequent operations are halted.

Figure 18.8 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment

St} o | p1 | b2 | D3 | D4 | D5 | D6 | D7 | StoP
bit bit
- Low period (9 bits) measured (H00 data) - T—iigh peric;i

(1 or more bits)

When boot mode is initiated, H8/3048F-ONE measures the low period of the asynchronous SCI
communication data (H'00) transmitted continuously from the host. The SCI transmit/receive
format should be set as follows: 8-bit data, 1 stop bit, no parity. H8/3048F-ONE calculates the bit
rate of the transmission from the host from the measured low period, and transmits one H'00 byte
to the host to indicate the end of bit rate adjustment. The host should confirm that this adjustment
end indication (H'00) has been received normally, and transmit one H'S5 byte to H8/3048F-ONE.
If reception cannot be performed normally, initiate boot mode again (reset), and repeat the above
operations. Depending on the host’s transmission bit rate and H8/3048F-ONE’s system clock
frequency, there will be a discrepancy between the bit rates of the host and H8/3048F-ONE. Set
the host transfer bit rate at 4,800, 9,600 or 19,200 bps™ to operate the SCI properly.

Table 18.7 shows host transfer bit rates and system clock frequencies for which automatic
adjustment of H8/3048F-ONE bit rate is possible. The boot program should be executed within
this system clock range.

Table 18.7 System Clock Frequencies for which Automatic Adjustment of H8/3048F-ONE
Bit Rate is Possible

System Clock Frequency for Which Automatic Adjustment

Host Bit Rate of LSI Bit Rate is Possible (MHz)
4800 bps 4 to 25

9,600 bps 81025

19,200 bps 16t0 25

Note: * Use a host bit rate setting of 4800, 9600, or 19200 bps only. No other setting should be
used.
Although the H8/3048F-ONE may also perform automatic bit rate adjustment with bit
rate and system clock combinations other than those shown in table 18.7, a degree of
error will arise between the bit rates of the host and the H8/3048F-ONE, and subsequent
transfer will not be performed normally. Therefore, only combinations of bit rate and
system clock within the ranges shown in table 18.7 can be used for boot mode execution.
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On-Chip RAM Area Divisions in Boot Mode: In boot mode, the RAM area is divided into an
area used by the boot program and an area to which the programming control program is
transferred via the SCI, as shown in figure 18.9. The boot program area cannot be used until the
execution state in boot mode switches to the programming control program transferred from the
host.

HFFEF10
Boot program area

H'FFF50F
H'FFF510 W7

Programming
control
program area

ID code area
(8 bytes)

H'FFFFOF

Figure 18.9 RAM Areas in Boot Mode

Note: The boot program area cannot be used until a transition is made to the execution state for
the programming control program transferred to RAM. Note also that the boot program
remains in this area of the on-chip RAM even after control branches to the programming
control program.

In boot mode in the H8/3048F-ONE, the contents of the 8-byte ID code area shown below are
checked to determine whether the program is a programming control program compatible with the
H8/3048F-ONE.

H'FFF510 | 40 FE 62 66 33 30 34 38

T (Product ID code)

H’FFF518 onward | Programming control program instruction codes |

If an original programming control program is used in boot mode, the 8-byte ID code shown
above should be added at the beginning of the program.
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Notes on Using the Boot Mode

1.

When this LSI comes out of reset in boot mode, it measures the low period the input at the
SCI’s RXD; pin. The reset should end with RXD; high. After the reset ends, it takes about 100
states for this LSI to get ready to measure the low period of the RXD, input.

In boot mode, if any data has been written to the flash memory (if all data is not H'FF), all
flash memory blocks are erased. Therefore, this mode should be used for initial on-board
programming, or for forced recovery if the program to be activated in user program mode is
accidentally erased and user program mode cannot be executed, for example.

Interrupts cannot be used during programming or erasing of flash memory.
The RXD; and TXD; pins should be pulled up on the board.

This LSI terminates transmit and receive operations by the on-chip SCI(channel 1) (by clearing
the RE and TE bits in serial control register (SCR)) before branching to the transmit data
output pin. However, the adjusted bit rate is held in the bit rate register (BRR). At this time, the
TXD, is in the high level output state (P9DDR P9,DDR=1, PO9DR P9,DR=1).

Before branching to the programming control program the value of the general registers in the
CPU are also undefined. Therefore, the general registers must be initialized immediately after
control branches to the programming control program. Since the stack pointer (SP) is
implicitly used during subroutine call, etc., a stack area must be specified for use by the
programming control program.

There are no other internal I/O registers in which the initial value is changed.

Transition to the boot mode executes a reset-start of this LSI after setting the MD,, to MD,,
FWE, and RXD1 pins according to the mode setting conditions shown in table 18.6.

At this time, this LSI latches the status of the mode pin inside the microcomputer to maintain
the boot mode status at the reset clear (startup from Low level to High level) timing™".

To clear boot mode, it is necessary to drive the FWE pin low during the reset, and then execute
reset release™'. The following points must be noted:

» Before making a transition from the boot mode to the regular mode, the microcomputer
boot mode must be reset by reset input via the RES pin™'. At this time, the RES pin must
be hold at low level for at least 20 system clock™.

* Do not change the input levels at the mode pins (MD, to MDy) or the FWE pin while in
boot mode. When making a mode transition, first enter the reset state by inputting a low
level to the RES pin. When a watchdog timer reset was generated in the boot mode, the
microcomputer mode is not reset and the on-chip boot program is restarted regardless of
the state of the mode pin.

* Do not input low level to the FWE pin while the boot program is executing and when
programming/erasing flash memory™’.
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7. If the mode pins (MD, to MDy), FWE pin, and RXD1 pin input levels are changed (e.g., from
low level to high level) during a reset (while a low level is being input to the RES pin), since
the microcomputer’s operating mode will change and the state of the address dual port and bus
control output signals (CSn, RD, HWR, LWR) changes, use of these pins as output signals
during reset must be disabled outside the microcomputer.

H8/3048F-ONE

CSn
§ ) External

memory,
etc.

MD2 |«

MD1 |« System

MDO |« control

FWE |« unit

RES |

Figure 18.10 Recommended System Block Diagram

Notes: *1 The mode pin, FWE pin, and RXD1 pin input must satisfy the mode programming
setup time (typs) relative to the reset clear timing.
*2 See section 4.2.2, Reset Sequence and 18.11, Notes on Flash Memory
Programming/Erasing. The H8/3048F-ONE requires a minimum of 20 system clocks.
*3 For notes on FWE pin High/Low, see section 18.11, Notes on Flash Memory
Programming/Erasing.

18.6.2  User Program Mode

When set to the user program mode, user’s programming/erasing control program can erase and
program the flash memory. Therefore, on-chip flash memory on-board programming can be
performed by providing a means of controlling FWE and supplying the write data on the board
and providing a programming/erasing program in a part of the program area.

To select this mode, activate H8/3048F-ONE to on-chip flash memory enable modes 5, 6, and 7
and apply a high level to the FWE pin. In this state, the peripheral functions, other than flash
memory, are performed the same as in modes 5, 6, and 7.

Since the flash memory cannot be read while it is being programmed/erased, place a programming
program on external memory, or transfer the programming program to RAM area, and execute it
in the RAM.
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Figure 18.11 shows the procedure for executing when transferred to on-chip RAM. During reset
start, starting from the user program mode is possible.

1 MD, MDg = 101, 110, 111
A
2 Reset start
A
3 Transfer programming/erasing

program to RAM

L

4 Branch to programming/erasing
program in RAM area

A

FWE = high
(user program mode)

y

Execute programming/erasing
6 program in RAM
(flash memory reprogramming)

L

Input low level to FWE
after SWE bit clear
(user program mode exit)

{

8 Execute user application
program in flash memory

Procedure

The user writes a program that executes steps
3 to 8 in advance as shown below.

1.

Sets the mode pin to an on-chip ROM
enable mode (mode 5, 6, or 7).

Starts the CPU via reset.

(The CPU can also be started from the user
program mode by setting the FWE pin to
High level during reset; that is, during the
period the RES pin is a low level.)

Transfers the programming/erasing program
to RAM.

Branches to the program in RAM area.

5. Sets the FWE pin to a high level.*

(Switches to user program mode.)

After confirming that the FWE pin is a high
level, executes the programming/erasing
program in RAM. This reprograms the user
application program in flash memory.

. At the end of reprograming, clears the SWE

bit, and exits the user program mode by
switching the FWE pin from a high level to a
low level.*

Branches to, and executes, the user
application program reprogrammed in flash
memory.

Note: * For notes on FWE pin High/Low, see

section 18.11, Notes on Flash Memory
Programming/Erasing.

Figure 18.11 User Program Mode Execution Procedure (Example)

Notes: 1. Normally do not apply a high level to the FWE pin. Apply a high level to the FWE pin
only when programming/erasing flash memory (including flash memory emulation by

RAM).

Also, while a high level is input to the FWE pin, the watchdog timer should be
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activated to prevent overprogramming or overerasing due to program runaway, etc.

2. When the flash memory is read normally in the user program mode, the programming/
erasing program must not be executed. Bits 6 to 0 in FLMCR1 must be cleared to 0.

18.7  Programming/Erasing Flash Memory

A software method, using the CPU, is employed to program and erase flash memory in the on-
board programming modes. There are four flash memory operating modes: program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes are made by
setting the PSU, ESU, P, E, PV, and EV bits in FLMCRI1 for addresses H'000000 to H'01FFFF.

The flash memory cannot be read while it is being written or erased. Install the program to control
flash memory programming and erasing (programming control program) in the on-chip RAM or in
external memory, and execute the program from there.

See section 18.11, Notes on Flash Memory Programming/Erasing, for points to be noted when
programming or erasing the flash memory. In the following operation descriptions, wait times
after setting or clearing individual bits in FLMCRI are given as parameters; for details of the wait
times, see section 21.1.6, Flash Memory Characteristics.

Notes: 1. Operation is not guaranteed if bits SWE, ESU, PSU, EV, PV, E, and P of FLMCRI are
set/reset by a program in flash memory in the corresponding address areas.

2. When programming or erasing, set FWE to 1 (programming/erasing will not be
executed if FWE = 0).

3. Programming should be performed in the erased state. Do not perform additional
programming on previously programmed addresses.
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*3

E=1
—_—
Erase setup Erase mode
state -~
E=0

*1

FWE=11 TFWE=O

Erase-verify
mode

On-board
programming mode
Software programming

Software
programming
enable

SWE =1
—_—

-—
SWE =0

disable state
P=1
Program E—
setup state '« ( Program mode
P=0

Program-verify
mode

Notes: In order to perform a normal read of flash memory, SWE must be cleared to 0.
Also note that verify-reads can be performed during the programming/erasing process.
*1 (O :Normalmode (O : On-board programming mode
*2 Do not make a state transition by setting or clearing multiple bits simultaneously.
*3 After a transition from erase mode to the erase setup state, do not enter erase mode without passing

through the software programming enable state.
*4 After a transition from program mode to the program setup state, do not enter program mode without

passing through the software programming enable state.

Figure 18.12 State Transitions Caused by FLMCRI1 Bit Settings

Rev. 2.0, 02/03, page 591 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

18.7.1 Program Mode

To write data or programs to flash memory, the program/program-verify flowchart shown in figure
18.13 should be followed. Performing program operations according to this flowchart will enable
data or programs to be written to flash memory without subjecting the device to voltage stress or
sacrificing program data reliability. Programming should be carried out 128 bytes at a time.

The wait times after bits are set or cleared in the flash memory control register 1 (FLMCR1) and
the maximum number of programming operations (N) are shown in table 21.11 in section 21.1.6,
Flash Memory Characteristics.

Following the elapse of (tsswe) 1S or more after the SWE bit is set to 1 in FLMCRI, 128-byte data
is written consecutively to the write addresses. The lower 8 bits of the first address written to must
be H'00 and H'80, 128 consecutive byte data transfers are performed. The program address and
program data are latched in the flash memory. A 128-byte data transfer must be performed even if
writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addresses.

Next, the watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
Set a value greater than (tgpe, + ts,  top T tepsu) S as the WDT overflow period. Preparation for
entering program mode (program setup) is performed next by setting the PSU bit in FLMCRI.
The operating mode is then switched to program mode by setting the P bit in FLMCRI1 after the
elapse of at least (typs,) us. The time during which the P bit is set is the flash memory
programming time. Make a program setting so that the time for one programming operation is
within the range of (t,) ps.

The wait time after P bit setting must be changed according to the number of reprogramming
loops. For details, see Notes on Program/Program-Verify Procedure.
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18.7.2  Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

After the elapse of the given programming time, clear the P bit in FLMCR1, then wait for at least
(tep) us before clearing the PSU bit to exit program mode. After exiting program mode, the
watchdog timer setting is also cleared. The operating mode is then switched to program-verify
mode by setting the PV bit in FLMCRI1. Before reading in program-verify mode, a dummy write
of H'FF data should be made to the addresses to be read. The dummy write should be executed
after the elapse of (t;,,) ps or more. When the flash memory is read in this state (verify data is read
in 16-bit units), the data at the latched address is read. Wait at least (tg,,) us after the dummy write
before performing this read operation. Next, the originally written data is compared with the verify
data, and reprogram data is computed (see figure 18.13) and transferred to RAM. After
verification of 128 bytes of data has been completed, exit program-verify mode, wait for at least
(tepv) ps, then determine whether 128-byte programming has finished. If reprogramming is
necessary, set program mode again, and repeat the program/program-verify sequence as before.
The maximum value for repetition of the program/program-verify sequence is indicated by the
maximum programming count (N). Leave a wait time of at least (t.y) us after clearing SWE.

Notes on Program/Program-Verify Procedure

1. The program/program-verify procedure for the H8/3048F-ONE is a 128-byte-unit
programming algorithm.

In order to perform 128-byte-unit programming, the lower 8 bits of the write start address must
be H'00 or H'80.

2. When performing continuous writing of 128-byte data to flash memory, byte-unit transfer
should be used.
128-byte data transfer is necessary even when writing fewer than 128 bytes of data. H'FF data
must be written to the extra addresses.

3. Verify data is read in word units.

4. The write pulse is applied and a flash memory write executed while the P bit in FLMCRI is
set. In the H8/3048F-ONE, write pulses should be applied as follows in the program/program-
verify procedure to prevent voltage stress on the device and loss of write data reliability.

a. After write pulse application, perform a verify-read in program-verify mode and apply a
write pulse again for any bits read as 1 (reprogramming processing). When all the 0-write
bits in the 128-byte write data are read as 0 in the verify-read operation, the
program/program-verify procedure is completed. In the H8/3048F-ONE, the number of
loops in reprogramming processing is guaranteed not to exceed the maximum value of the
maximum programming count (N).
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b. After write pulse application, a verify-read is performed in program-verify mode, and
programming is judged to have been completed for bits read as 0. The following
processing is necessary for programmed bits.

When programming is completed at an early stage in the program/program-verify
procedure:

If programming is completed in the 1st to 6th reprogramming processing loop,
additional programming should be performed on the relevant bits. Additional
programming should only be performed on bits which first return 0 in a verify-read
in certain reprogramming processing.

When programming is completed at a late stage in the program/program-verify procedure:
If programming is completed in the 7th or later reprogramming processing loop, additional
programming is not necessary for the relevant bits.

c. If programming of other bits is incomplete in the 128 bytes, reprogramming process should
be executed. If a bit for which programming has been judged to be completed is read as 1
in a subsequent verify-read, a write pulse should again be applied to that bit.

5. The period for which the P bit in FLMCRI is set (the write pulse width) should be
changed according to the degree of progress through the program/program-verify
procedure. For detailed wait time specifications, see section 21.1.6, Flash Memory
Characteristics.

Table 18.8 Wait Time after P Bit Setting

Item Symbol Conditions Symbol

Wait time after Pt When reprogramming loop count (n) is 1 to 6 tsp30

bit setting When reprogramming loop count (n) is 7 or more tsp200
In case of additional programming processing™ tsp10

Note: * Additional programming processing is necessary only when the reprogramming loop count
(n)is 1to 6.

6. The program/program-verify flowchart for the H8/3048F-ONE is shown in figure 18.13.

To cover the points noted above, bits on which reprogramming processing is to be executed,
and bits on which additional programming is to be executed, must be determined as shown
below.

Since reprogram data and additional-programming data vary according to the progress of the

programming procedure, it is recommended that the following data storage areas (128 bytes
each) be provided in RAM.
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Table 18.9 Reprogram Data Computation Table

Result of Verify-Read

after Write Pulse (X)

(D) Application (V) Result of Operation Comments

0 0 1 Programming completed: reprogramming
processing not to be executed

0 1 0 Programming incomplete: reprogramming
processing to be executed

1 0 1 O

1 1 1 Still in erased state: no action

Source data of bits on which programming is executed: (D)
Data of bits on which reprogramming is executed: (X)

Table 18.10 Additional-Programming Data Computation Table

Result of Verify-Read

after Write Pulse (Y)

X  Application (V) Result of Operation Comments

0o O 0 Programming by write pulse application
judged to be completed: additional
programming processing to be executed

0o 1 1 Programming by write pulse application
incomplete: additional programming
processing not to be executed

1 0 1 Programming already completed: additional
programming processing not to be executed

1 1 1 Still in erased state: no action

Data of bits on which additional programming is executed: (Y)
Data of bits on which reprogramming is executed in a certain reprogramming loop: (X)

7. It is necessary to execute additional programming processing during the course of the
H8/3048F-ONE program/program-verify procedure. However, once 128-byte-unit
programming is finished, additional programming should not be carried out on the same
address area. When executing reprogramming, an erase must be executed first. Note that
normal operation of reads, etc., is not guaranteed if additional programming is performed on
addresses for which a program/program-verify operation has finished.
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Write pulse application subroutine Start of programming

Sub-Routin Write Pulse START Perform programming in the erased state.

Do not perform additional programming

[ WDT enable | [ Set SWE bit'in FLMCR1 | on previously programmed addresses.
Wait (t S *7
[ Set PSU in FLMCR1 | I {lsowe) I I
Store 128-byte program data in program 4
| Wait (tspsu) 1S | 7 data area and reprogram data area
1 n=1 |
| Set P bitin FLMCR1 | Start of programming T
m=0
[ Wait (tsp) s |*5+7 I 7 ]
i Write 128-byte data in RAM reprogram 1
| Clear P bitin FLMCR1 | Programming halted data area consecutively to flash memory
‘ Sub-Routine-Call
[ Wait (tcp) s |7 I Write pulse T] See Note *6 for pulse width
i []
[ Clear PSU bit in FLMCR1 | [ Set PV bit ivn FLMCR1 ]
[ Wait (tcpsu) Hs |*7 [ Wait (%DV) us |7
| Sisabie WOT | [ H'FF dummy write to verify address |
! n—n+1
¥ [ Wait (tspvr) Hs | *7
End Sub
[ Read verify data ] *2

Increment
Note *6: Write Pulse Width address

Number of Writes n | Write Time (tsp) psec
0
2 0
0
4 0
0 [ Additional-programming data computation |
[]
6 0 Transfer additional-programming data to
7 00 iorale ] 4
5 0 additional-programming data area
T
9 00 ' . .
70 00 [ Reprogram de:ta computation ]*3
1; 288 | Transfer reprogram data to reprogram data area | *4
13 200
N N 128-byte data
: . verification completed?
998 200
999 200 [ Clear PV bit in FLMCR1 ]
1000 200 Reprogram
Note: Use a 10 ps write pulse for additional programming. [ Wait (tcpv) us 7

NG
RAM

OK
Successively write 128-byte data from additional 1
Program data storage programming data area in RAM to flash memory

area (128 bytes) Sub-Routine-Call
[T Write Pulse (Additional programming) 1]
T

Reprogram data storage *7
area (128 bytes) NG NG

OK OK
— - [ Clear SWE bit in FLMCR1 ] [ Clear SWE bit in FLMCR1 ]
Additional-programming

data storage area |
(128 bytes)

Wait (tcswe) 1S ] [ Wait (tcswe) 1S ]*7

End of programming Programming failure

Notes: *1 Data transfer is performed by byte transfer. The lower 8 bits of the first address written to must be H'00 or H'80.
A 128-byte data transfer must be performed even if writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addresses.
*2 Verify data is read in 16-bit (word) units.
*3 Reprogram data is determined by the operation shown in the table below (comparison between the data stored in the program data area and the verify data).
Bits for which the reprogram data is 0 are programmed in the next reprogramming loop. Therefore, even bits for which programming has been completed will be
subjected to programming once again if the result of the subsequent verify operation is NG.
*4 A 128-byte area for storing program data, a 128-byte area for storing reprogram data, and a 128-byte area for storing additional data must be provided in RAM.
The contents of the reprogram data area and additional data area are modified as programming proceeds.
*5 A write pulse of 30 ps or 200 ps is applied according to the progress of the programming operation. See Note *6 for details of the pulse widths. When writing of
additional-programming data is executed, a 10 ps write pulse should be applied. Reprogram data X’ means reprogram data when the write pulse is applied.
*7 The wait times and value of N are shown in section 21.1.6, Flash Memory Characteristics.
Reprogram Data Computation Table Additional-Programming Data Computation Table
Original Data | Verify Data | Reprogram Data [Reprogram Data | Verify Data Additional-
6) %) X Comments x) (V) | Programming Data (Y) Comments
0 0 1 Programming completed 0 0 0 é)dgietigzgég{gdgramming
0 1 0 Programming incomplete; 0 1 1 Additional programming
reprogram not to be executed
Additional programming
! 0 ! ! 0 ! not to be executed
1 1 1 Still in erased state; 1 1 1 Additional programming
no action not to be executed

Figure 18.13 Program/Program-Verify Flowchart (128-Byte Programming)
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18.7.3  Erase Mode

To erase an individual flash memory block, follow the flowchart for erasing one block (single-
block erase) shown in figure 18.14.

The wait times after bits are set or cleared in the flash memory control register 1 (FLMCR1) and
the maximum number of erase operations (N) are shown in table 21.11 in section 21.1.6, Flash
Memory Characteristics.

To erase flash memory contents, make a 1-bit setting for the flash memory area to be erased in
erase block register (EBR1) at least (tgy.) s after setting the SWE bit to 1 in FLMCRI1. Next, the
watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. Set a value
greater than (t) ms + (tgesy T tee + teesu) 1S as the WDT overflow period. Preparation for entering
erase mode (erase setup) is performed next by setting the ESU bit in FLMCRI1. The operating
mode is then switched to erase mode by setting the E bit in FLMCRI1 after the elapse of at least
(tsesu) s. The time during which the E bit is set is the flash memory erase time. Ensure that the
erase time does not exceed (t,,) ms.

Note: With flash memory erasing, preprogramming (setting all memory data in the memory to
be erased to all 0) is not necessary before starting the erase procedure.

18.7.4  Erase-Verify Mode

In erase-verify mode, data is read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the fixed erase time, clear the E bit in FLMCRI, then wait for at least (t..) 1s
before clearing the ESU bit to exit erase mode. After exiting erase mode, the watchdog timer
setting is also cleared. The operating mode is then switched to erase-verify mode by setting the
EV bit in FLMCRI. Before reading in erase-verify mode, a dummy write of H'FF data should be
made to the addresses to be read. The dummy write should be executed after the elapse of (t,) s
or more. When the flash memory is read in this state (verify data is read in 16-bit units), the data at
the latched address is read. Wait at least (ts.,) pts after the dummy write before performing this
read operation. If the read data has been erased (all 1), a dummy write is performed to the next
address, and erase-verify is performed. If the read data is unerased, set erase mode again, and
repeat the erase/erase-verify sequence as before. The maximum value for repetition of the
erase/erase-verify sequence is indicated by the maximum erase count (N). When verification is
completed, exit erase-verify mode, and wait for at least (t.,) pus. If erasure has been completed on
all the erase blocks, clear bit SWE1 in FLMCRI, and leave a wait time of at least (tcgye) US.

If erasing multiple blocks, set a single bit in EBR for the next block to be erased, and repeat the
erase/erase-verify sequence as before.

Rev. 2.0, 02/03, page 597 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

=Y

Set SWE bit in FLMCR1

Perform erasing in block units.

¥

Wait (tsswe) Hs

n=1

¥

Set EBR

*3, %4

)

Enable WDT

¥

Set ESU bit in FLMCR1

¥
Wait (tsesu) MS

*5

¥

Start of erase

Set E bit in FLMCR1
¥

Increment |
address

Wait (ts) ms 5
| Clear E bittn FLMCR1 | Erase halted
| Wait (Yce) Hs | +s
| Clear ESU bi*t in FLMCR1 |
[ Wait (t:esm Hs | +s
[ Disabl! wDT |
[ Set EV bit :n FLMCR1 |
[ Wait (t:ev) us | +s
|Set block start address as verify addressl
¥y

| H’FF dummy write to verify address |
[ Wait (t:evr) Hs | +5

Read v;rify data | *2

Verify data = all 152 No
[ Clear EV bit in FLMCR1 | +s | Clear EV bit in FLMCR1 |5
i Y
[ Wait (tey) HS | [ Wait (tey) HS |
-
Yes

[ Clear SWE bit in FLMCR1 | s | Clear SWE bit in FLMCR1 s

Wait (toswe) HS

Wait (teswe) MS

End of erasing

Notes: *1 Prewriting (setting erase block data to all 0s) is not necessary.
*2 Verify data is read in 16-bit (word) units.
*3 Make only a single-bit specification in the erase block register (EBR). Two or more bits must not be set simultaneously.
*4 Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.
*5 The wait times and the value of N are shown in section 21.1.6, Flash Memory Characteristics.

Figure 18.14 Erase/Erase-Verify Flowchart (Single-Block Erasing)
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18.8  Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware protection, software
protection, and error protection.

18.8.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory is forcibly
disabled or aborted. Hardware protection is reset by settings in flash memory control register 1
(FLMCR1), and erase block register (EBR). In the error-protected state, the FLMCR1, FLMCR2,
and EBR settings are retained; the P and E bits can be set, but a transition is not made to program
mode or erase mode. (See table 18.11.)
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Table 18.11 Hardware Protection

Functions

Item Description Program Erase Verify
FWE pin «  When a low level is input to the FWE pin, No™' No*  No
protection FLMCR1, and EBR are initialized, and the

program/erase-protected state is entered.
Reset/ » Inareset (including a WDT overflow reset) and  No No™  No
standby in standby mode, FLMCR1, FLMCR?2, and EBR
protection are initialized, and the program/erase-protected

state is entered.

e In areset via the RES pin, the reset state is not

entered unless the RES pin is held low until

oscillation stabilizes after powering on. In the

case of a reset during operation, hold the RES

pin low for the RES pulse width specified in the

AC Characteristics section™.
Error * When a microcomputer operation error (error No No™*? Yes*?

protection generation (FLER=1)) was detected while flash
memory was being programmed/erased, error
protection is enabled. At this time, the FLMCR1
and EBR settings are held, but programming/
erasing is aborted at the time the error was
generated. Error protection is released only by a
reset via the RES pin or a WDT reset, or in the
hardware standby mode.

Notes: *1 Excluding a RAM area overlapping flash memory.
*2 It is possible to perform a program-verify operation on the 128 bytes being
programmed, or an erase-verify operation on the block being erased.
*3 All blocks are unerasable and block-by-block specification is not possible.
*4 See section 4.2.2, Reset Sequence, and section 18.11, Notes on Flash Memory
Programming/Erasing. The H8/3048F-ONE requires at least 20 system clocks for a
reset period during operation.
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18.8.2  Software Protection

Software protection can be implemented by setting, erase block register (EBR) and the RAMS bit
in the RAM control register (RAMCR). When software protection is in effect, setting the P or E
bit in flash memory control register 1 (FLMCR1) does not cause a transition to program mode or
erase mode. (See table 18.12.)

Table 18.12 Software Protection

Functions

Item Description Program Erase Verify
Block » Erase protection can be set for individual — No Yes
specification blocks by settings in erase block register
protection (EBR)*2

However, programming protection is disabled.

» Setting EBR to H'00 places all blocks in the

erase-protected state.

Emulation » Setting the RAMS bit to 1 in the RAM No*' No*? Yes

protection control register (RAMCR) places all blocks
in the program/erase-protected state.

Notes: *1 A RAM area overlapping flash memory can be written to.
*2 When not erasing, clear all EBR bits to 0.
*3 All blocks are unerasable and block-by-block specification is not possible.
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18.8.3  Error Protection

In error protection, an error is detected when H8/3048F-ONE runaway occurs during flash
memory programming/erasing*l, or operation is not performed in accordance with the
program/erase algorithm, and the program/erase operation is aborted. Aborting the program/erase
operation prevents damage to the flash memory due to overprogramming or overerasing.

If the H8/3048F-ONE malfunctions during flash memory programming/erasing, the FLER bit is
set to 1 in FLMCR2 and the error protection state is entered. The FLMCR1, FLMCR2, EBR
settings™ are retained, but program mode or erase mode is aborted at the point at which the error
occurred. Program mode or erase mode cannot be re-entered by re-setting the P, E bit. However,
PV, EV bit setting is enabled, and a transition can be made to verify mode™.

FLER bit setting conditions are as follows:

1. When the flash memory of the relevant address area is read during programming/erasing
(including vector read and instruction fetch)

2. Immediately after exception handling (excluding an illegal reset or trap instruction and
exception handling at zero division) during programming/erasing

3. When a SLEEP instruction (including software standby) is executed during
programming/erasing

4. When the CPU releases the bus to the DMAC, refresh controller, and external bus master
during programming/erasing

Error protection is released only by a reset (RES pin or WDT reset) and in hardware standby
mode.

Notes: *1 State in which the P bit or E bit in FLMCRI1 is set to 1. Note that NMI input is
disabled in this state.
*2 It is possible to perform a program-verify operation on the 128 bytes being
programmed, or an erase-verify on the block being erased.
*3 FLMCRI and EBR can be written to. However, the registers are initialized if a
transition is made to software standby mode while in the error-protected state.
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Program mode Reset or standby

Erase mode WDT reset, RES = 0 or STBY = 0 _ (hardware protection)
RD VF PRER FLER = 0
E N\ WDT reset,
"‘f’tr °°°“rtre”g§ RES =0 or FLMCR1, FLMCR2,
(software standby) STBY=0 \WDT reset EBR initialization
Error WDI1 )
RES=0or/ State
occurrence W =0

Error protection mode
(software standby)

Software

Error protection mode
P standby mode

RD VF PRER FLER = 1

RD: Memory read possible
VF: Verify-read possible Verify-read not possible
PR: Programming possible Programming not possible
ER: Erasing possible ER: Erasing not possible

INIT: Register initialization state

—_— >

-
Software standby
mode release

INIT FLER =1

FLMCR1, EBR
initialization state

Memory read not possible

<3
353

Figure 18.15 Flash Memory State Transitions
(When High Level is Applied to FWE Pin in Mode 5, 6, and 7 (On-Chip ROM Enabled))

The error protection function is invalid for abnormal operations other than the FLER bit setting
conditions. Also, if a certain time has elapsed before this protection state is entered, damage may
already have been caused to the flash memory. Consequently, this function cannot provide
complete protection against damage to flash memory.

To prevent such abnormal operations, therefore, it is necessary to ensure correct operation in
accordance with the program/erase algorithm, with the flash write enable (FWE) voltage applied,
and to conduct constant monitoring for MCU errors, internally and externally, using the watchdog
timer or other means. There may also be cases where the flash memory is in an erroneous
programming or erroneous erasing state at the point of transition to this protection mode, or where
programming or erasing is not properly carried out because of an abort. In cases such as these, a
forced recovery (program rewrite) must be executed using boot mode. However, it may also
happen that boot mode cannot be normally initiated because of overprogramming or overerasing.
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18.8.4  NMI Input Disable Conditions

While flash memory is being programmed/erased (P bit or E bit in FLMCRI is set) and the boot
program is executing in the boot mode™', all interrupts including NMI input must be disabled
because the programming/erasing have priority.

This is done to avoid the following operation states:

1. Generation of an interrupt during programming/erasing violates the program/erase algorithms
and normal operation can not longer be assured.

2. Vector-read cannot be carried out normally™* during interrupt exception handling during
programming/erasing and the microcomputer runs away as a result.

3. Ifan interrupt is generated during boot program execution, the normal boot mode sequence
cannot be executed.

With above reasons, there are conditions that exceptionally disable NMI inputs only in the on-
board programming mode. However, this does not assure normal programming/erasing and
microcomputer operation.

Thus, when the flash memory is programmed/erased, all interrupt requests (exception handling
and bus release), including NMI, inside and outside the microcomputer, must be disabled. NMI
interrupt is also disabled in the error-protected state and when the P bit or E bit in FLMCRI1 is
retained during flash memory emulation by RAM.

Notes: *1 Indicates the period up to branching to the on-chip RAM boot program area
(H'FFEF10). (This branch occurs immediately after programming control program
transfer was completed.)

Therefore, after branching to RAM area, NMI input is enabled in states other than the

program/erase state. Thus, interrupt requests inside and outside the microcomputer

must be disabled until initial writing by programming control program (writing of

vector table and NMI processing program, etc.) is completed.

*2 In this case, vector read is not performed normally for the following two reasons:

* The correct value cannot be read even by reading the flash memory during
programming/erasing (P bit or E bit in FLMCRI1 is set). (Value is undefined.)

« Ifavalue has not yet been written to the interrupt vector table, interrupt exception
handling will not be performed correctly.
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18.9  Flash Memory Emulation in RAM

As flash memory programming and erasing takes time, it may be difficult to carry out tuning by
writing parameters and other data in real time. In this case, real-time programming of flash
memory can be emulated by overlapping part of RAM (H'FFFO00-H'FFF3FF) onto a small block
area in flash memory. This RAM area change is executed by means of bits 3 to 1 in the RAM
control register (RAMCR). After the RAM area change, access is possible both from the area
overlapped onto flash memory and from the original area (H'FFFOO0-H'FFF3FF). For details of
RAMCR and the RAM area setting method, see section 18.5.4, RAM Control Register (RAMCR).

Example of Emulation of Real-Time Flash Memory Programming: In the following example,
RAM area HFFF000-H'FFF3FF is overlapped onto flash memory area EB2 (H'000800—
H'000BFF).

A H'000000 Procedure:

1. Part of RAM (H’FFF000-
H'FFF3FF) is overlapped onto the
area (EB2) requiring real-time

Flash memory programming.

space
Block area (RAMCR bits 3-1 are setto 1, 1, 0,
and the flash memory area to be
. overlapped (EB2) is selected.)
Overlapping RAM Reali o
H’000800 " eal-time programming Is
Er%i{ * (Mapg;gg)RAM performed using the overlapping
H’000BFF RAM.

\ H'000FFF

) 3. The programmed data is checked,
H'FFEF10 then RAM overlapping is cleared.
(RAMS bit is cleared.)

. 4. The data written in RAM area
On-chip RAM H'FFF000-HFFF3FF is written to
area flash memory space.

H'FFEFFF
H'FFF000 | (Actual RAM
H'FFF3FF area)
H'FFF400

H'FFFFOF

Note: * When part of RAM (H'FFF000-H’FFF3FF) is overlapped onto a flash memory small block area, the flash
memory in the overlapped area cannot be accessed. It can be accessed when the overlapping is
cleared.

Figure 18.16 Example of RAM Overlap Operation
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Notes on Using the Emulation Function by RAM

1. When the RAMS bit is set to 1, program/erase protection is enabled for all blocks regardless of
the value of RAM2 and RAM1 (emulation protection). In this state, setting the P or E bit in
flash memory control register 1 (FLMCRU1), will not cause a transition to program mode or
erase mode. When actually programming or erasing a flash memory area, the RAMS bit should
be cleared to 0.

2. A RAM area cannot be erased by execution of software in accordance with the erase algorithm
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.

4. Flash write enable (FWE) application and releasing
As in on-board programming mode, care is required when applying and releasing FWE to
prevent erroneous programming or erasing. To prevent erroneous programming and erasing
due to program runaway during FWE application, in particular, the watchdog timer should be
set when the PSU, P, ESU, or E bit in FLMCRI1 is set to 1, even while the emulation function
is being used. For details, see section 18.11, Notes on Flash Memory Programming/Erasing.

5. Prohibited conditions of NMI input
When the emulation function is used, NMI input is prohibited when the P bit or E bit in
FLMCRI is set to 1, in the same way as with normal programming and erasing. The P and E
bits are cleared by a reset (including a watchdog timer reset), in standby mode, when a high
level is not being input to the FWE pin, or when the SWE bit in FLMCRI1 is 0, while a high
level is being input to the FWE pin.

18.10 Flash Memory PROM Mode

The H8/3048F-ONE has a PROM mode as well as the on-board programming modes for
programming and erasing flash memory. In PROM mode, the on-chip ROM can be freely
programmed using a general-purpose PROM writer that supports the Hitachi microcomputer
device type with 128-kbyte on-chip flash memory.

18.10.1 Socket Adapters and Memory Map

In PROM mode using a PROM writer, memory reading (verification) and writing and flash
memory initialization (total erasure) can be performed. For these operations, a special socket
adapter is mounted in the PROM writer. The socket adapter product codes are given in table
18.13*. In the H8/3048F-ONE PROM mode, only the socket adapters shown in this table should
be used.
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Table 18.13 H8/3048F-ONE Socket Adapter Product Codes

Product Code Package Socket Adapter Product Code™ Manufacturer
HD64F3048BF 100-pin QFP  ME3064ESHF1H Minato Electronics
HD64F3048BVF  (FP-100B) ME3024ESHF1H

HD64F3048BTE  100-pin TQFP  ME3064ESNF1H

HD64F3048BVTE  (1FP-100B) ME3024ESNF1H

HD64F3048BF 100-pin QFP  HF306BQ100D4001 Data 10 Japan
HD64F3048BVF  (FP-100B) HF302BQ100D4001

HD64F3048BTE  100-pin TQFP  HF306BT100D4001

HD64F3048BVTE (17 P-1008B) HF302BT100D4001

Note: * Use of the wrong socket adapter may destroy the chip.

Figure 18.17 shows the memory map in PROM mode.

MCU mode H8/3048F-ONE PROM mode

H000000 H00000
On-chip ROM

HO1FFFF H1FFFF

Figure 18.17 Memory Map in PROM Mode

18.10.2 Notes on Use of PROM Mode

1.

A write to a 128-byte programming unit in PROM mode should be performed once only.
Erasing must be carried out before reprogramming an address that has already been
programmed.

When using a PROM wrriter to reprogram a device on which on-board programming/erasing
has been performed, it is recommended that erasing be carried out before executing
programming.

. The memory is initially in the erased state when the device is shipped by Hitachi. For samples

for which the erasure history is unknown, it is recommended that erasing be executed to check
and correct the initialization (erase) level.
The H8/3048F-ONE does not support a product identification mode as used with general-

purpose EPROMs, and therefore the device name cannot be set automatically in the PROM
writer.
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5. Refer to the instruction manual provided with the socket adapter, or other relevant

documentation, for information on PROM writers and associated program versions that are
compatible with the PROM mode of the H8/3048F-ONE.

Select a Hitachi 128 kbytes flash memory on-board microcomputer device type. If HN28F101
is selected, the LSI may be permanently damaged.

18.11 Notes on Flash Memory Programming/Erasing

The following describes notes when using the on-board programming mode, RAM emulation
function, and PROM mode.

1.

3.

Program/erase with the specified voltage and timing.

Applied voltages in excess of the rating can permanently damage the device.

Note that the pins FWE, Vpp, and MD2 have different absolute maximum ratings between the
H8/3048F-ONE (single power supply) and H8/3048F (dual power supply) models.

Use a PROM wrriter that supports the Hitachi 128 kbytes flash memory on-board
microcomputer device type.

Do not select the HN28F101 as the PROM writer. Otherwise, 12 V will be applied to the FWE
pin and this will permanently damage H8/3048F-ONE.

Notes on powering on/powering off (see figures 18.18 to 18.20)

Input a high level to the FWE pin after verifying Vce. Before turning off Vcc, set the FWE pin
to a low level.

When powering on and powering off the Vce power supply, fix the FWE pin low and set the
flash memory to the hardware protection mode.

Be sure that the powering on and powering off timing is satisfied even when the power is
turned off and back on in the event of a power interruption, etc. If this timing is not satisfied,
microcomputer runaway, etc., may cause overprogramming or overerasing and the memory
cells may not operate normally.

Notes on FWE pin High/Low switching (see figures 18.18 to 18.20)

Input FWE in the state microcomputer operation is verified. If the microcomputer does not

satisfy the operation confirmation state, fix the FWE pin low to set the protection mode.

To prevent erroneous programming/erasing of flash memory, note the following in FWE pin

High/Low switching:

a. Apply an input to the FWE pin after the Vcc voltage has stabilized within the rated voltage.
If an input is applied to the FWE pin when the microcomputer Vcc voltage does not satisfy
the rated voltage, flash memory may be erroneously programmed or erased because the
microcomputer is in the unconfirmed state.

b. Apply an input to the FWE pin when the oscillation has stabilized (after the oscillation
stabilization time).
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When turning on the Vce power, apply an input to the FWE pin after holding the RES pin
at a low level during the oscillation stabilization time. Do not apply an input to the FWE
pin when oscillation is stopped or unstable.

c. In the boot mode, perform FWE pin High/Low switching during reset.
In transition to the boot mode, input FWE = high level and set MD, to MD, and RXD1
pins while the RES input is low. At this time, the FWE, MD, to MD,, and RXD1 inputs
must satisfy the mode programming setup time (typs) relative to the reset clear timing. The
mode programming setup time is necessary for RES reset timing even in transition from the
boot mode to another mode.

In reset during operation, the RES pin must be held at a low level for at least 20 system
clocks.

d. In the user program mode, FWE = High/Low switching is possible regardless of the RES
input.
FWE input switching is also possible during program execution on flash memory.

e. Apply an input to FWE when the program is not running away.

When applying an input to the FWE pin, the program execution state must be supervised
using a watchdog timer, etc.

f. Release FWE pin input only when the SWE, ESU, PSU, EV, PV, E, and P bits in FLMCR1
are cleared.

Do not erroneously set any of bits SWE, ESU, PSU, EV, PV, E, or P when applying or
releasing FWE.

4. Do not input a constant high level to the FWE pin.

To prevent erroneous programming/erasing in the event of program runaway, etc., input a high
level to the FWE pin only when programming/erasing flash memory (including flash memory
emulation by RAM). Avoid system configurations that constantly input a high level to the
FWE pin. Handle program runaway, etc. by starting the watchdog timer so that flash memory
is not overprogrammed/overerased even while a high level is input to the FWE pin.

5. Program/erase the flash memory in accordance with the recommended algorithms.

The recommended algorithms can program/erase the flash memory without applying voltage
stress to the device or sacrificing the reliability of the program data.

When setting the P and E bits in FLMCRI, set the watchdog timer for program runaway, etc.

Accesses to flash memory by means of an MOV instruction, etc., are prohibited while bit
P or bit E is set.

6. Do not set/clear the SWE bit while a program is executing on flash memory.
Before performing flash memory program execution or data read, clear the SWE bit.

If the SWE bit is set, the flash data can be reprogrammed, but flash memory cannot be
accessed for purposes other than verify (verify during programming/erase).
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Similarly perform flash memory program execution and data read after clearing the SWE bit
even when using the RAM emulation function with a high level input to the FWE pin.
However, RAM area that overlaps flash memory space can be read/programmed whether the
SWE bit is set or cleared.

After the SWE bit is cleared, waiting time is required. For details, refer to table 21.11 in
section 21.1.6, Flash Memory Characteristics.

7. Do not use an interrupt during flash memory programming or erasing.
Since programming/erase operations (including emulation by RAM) have priority when a high
level is input to the FWE pin, disable all interrupt requests, including NMI. The bus release
should also be disabled.

8. Do not perform additional programming. Reprogram flash memory after erasing.

With on-board programming, program to 128-byte programming unit blocks one time only.
Erase all the programming unit blocks before reprogramming.

9. Before programming, check that the chip is correctly mounted in the PROM programmer.
Overcurrent damage to the device can result if the index marks on the PROM programmer
socket, socket adapter, and chip are not correctly aligned.

10. Do not touch the socket adapter or chip during programming. Touching either of these can
cause contact faults and write errors.

11. A wait time of 100 ps or more is necessary when performing a read after a transition to normal
mode from program, erase, or verify mode.

12. Use byte access on the registers that control the flash memory (FLMCRI1, FLMCR2, EBR, and
RAMCR).
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Programming
and erase
Wait time: x possible  Wait time: y

Min 0 ps

| tosc1
v
Vee
|
FWE tmbs Min O us
— |— X

MD2 to MDOH,

RXD1"3
tmps
RES 4 N
7 N
SWE set
SWE clear
SWE bit vd

[_] Flash memory access disabled period
(x: Wait time after SWE setting, y: wait time after SWE clearing)*?

[[__] Flash memory reprogrammable period
(Flash memory program execution and data read, other than verify, are disabled.)

Notes: *1 Always fix the level by pulling down or pulling up the mode pins (MD, to MDg)
until powering off, except for mode switching.
*2 See section 21.1.6, Flash Memory Characteristics.
*3 For pins RXD1 and TXD1, use on-board pull-up.

Figure 18.18 Powering On/Off Timing (Boot Mode)
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Programming
and erase

Wait time: x ~ possible  Wait time: y
0 / N
 tosct Min 0 ps
v
Vee
FWE ‘\/
s ~
i
MD, to MD,"" .
tmps
RES /
.
SWE set
. I SWE clear
SWE bit

[__] Flash memory access disabled period

(x: Wait time after SWE setting, y: wait time after SWE clearing)*?

[[_] Flash memory reprogrammable period

(Flash memory program execution and data read, other than verify, are disabled.)

Notes: *1 Always fix the level by pulling down or pulling up the mode pins (MD, to MDg)

up to powering off, except for mode switching.
*2 See section 21.1.6, Flash Memory Characteristics.

Figure 18.19 Powering On/Off Timing (User Program Mode)
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switching*1 mode mode program
mode

Flash memory access disabled time
(x: Wait time after SWE setting, y: wait time after SWE clearing)*?

Flash memory reprogammabl

e period

(Flash memory program execution and data read, other than verify, are disabled.)

Notes: *1 In transition to the boot mode and transition from the boot mode to another mode, mode switching via RES

input is necessary.

During this switching period (period during which a low level is input to the RES pin),the state of the address

dual port and bus control output signals (CSn, AS, RD, WR) changes.
Therefore, do not use these pins as output signals during this switching period.

*2 When making a transition from the boot mode to another mode, the mode programming setup time ty,p5 relative

to the RES clear timing

is necessary.

*3 See section 21.1.6, Flash Memory Characteristics.

*4 For pin RXD1, use on-board pull-up.

(Example: Boot mode — User mode ~ User program mode)

Figure 18.20 Mode Transition Timing
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18.12 Mask ROM (H8/3048B Mask ROM Version) Overviews

18.12.1 Block Diagram

Figure 18.21 shows a block diagram of the ROM.

Internal data bus (upper 8 bits)

AlNA

Internal data bus (lower 8 bits)

) .

H’00000 H’00001
H’00002 H’00003
iy On-chip ROM -
H1FFFE H1FFFF
Even addresses Odd addresses

Figure 18.21 ROM Block Diagram (H8/3048B Mask ROM Version)
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18.13 Notes on Ordering Mask ROM Version Chips
When ordering H8/3048B with mask ROM, note the following.

1. When ordering by means of an EPROM, use a 128-kbyte one.

2. Fill all unused addresses with H'FF and order the same ROM data size as for the 128-kbyte
version. This applies to ordering by means of an EPROM and by means of data transmission.

HD6433048B
(ROM: 128 kbytes)
Addresses: H'00000-1FFFF

H’00000

Unused area™

H1FFFF

Note: * Write H'FF data in all addresses in this area.

Figure 18.22 Mask ROM Addresses and Data

3. The flash memory control registers (FLMCR, EBR, RAMCR, FLMSR, FLMCR1, FLMCR2,
EBRI1, and EBR2)used by the versions with on-chip flash memory are not provided in the
mask ROM versions. Reading the corresponding addresses in a mask ROM version will
always return 1s, and writes to these addresses are disabled. This must be borne in mind when
switching from a flash memory version to a mask ROM version.
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18.14 Notes when Converting the F-ZTAT (Single Power Supply)
Application Software to the Mask-ROM Versions

Please note the following when converting the F-ZTAT (single power supply) application
software to the mask-ROM versions.

The values read from the internal registers (refer to appendix B, Internal I/O Register, Table B.1)
for the F-ZTAT (single power supply) version differ as follows.

Status
F-ZTAT (Single Power Supply)
Register Bit Version Mask-ROM Version
FLMCR1 FWE 0: Application software running 0: Is not read out
1: Programming 1: Application software running

Note: This difference applies to all the F-ZTAT (single power supply) versions and all the mask-
ROM versions that have different ROM size.

Rev. 2.0, 02/03, page 616 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Section 19 Clock Pulse Generator

19.1 Overview

The H8/3048B Series has a built-in clock pulse generator (CPG) that generates the system clock
(@) and other internal clock signals (¢/2 to ¢/4096). After duty adjustment, a frequency divider
divides the clock frequency to generate the system clock (¢). The system clock is output at the @
pin™! and furnished as a master clock to prescalers that supply clock signals to the on-chip
supporting modules. Frequency division ratios of 1/1, 1/2, 1/4, and 1/8 can be selected for the
frequency divider by settings in a division control register (DIVCR). Power consumption in the

chip is reduced in almost direct proportion to the frequency division ratio ™.

Notes: *1 Usage of the @ pin differs depending on the chip operating mode and the PSTOP bit
setting in the module standby control register (MSTCR). For details, see section 20.7,
System Clock Output Disabling Function.
*2 The division ratio of the frequency divider can be changed dynamically during
operation. The clock output at the @ pin also changes when the division ratio is
changed. The frequency output at the @ pin is shown below.

¢@=EXTAL xn

where, EXTAL: Frequency of crystal resonator or external clock signal

n: Frequency division ratio (n = 1/1, 1/2, 1/4, or 1/8)
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19.1.1 Block Diagram

Figure 19.1 shows a block diagram of the clock pulse generator.

———————————————————————————————————————————————————————————————————————————————— CPG -
XTAL —= Duty
Oscillator adjustment Frequency Prescalers
circuit divider
EXTAL —

Division
control
register

< Data bus >
@2 to @4096

¢

Figure 19.1 Block Diagram of Clock Pulse Generator
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19.2 Oscillator Circuit

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock
signal.

19.2.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as in the example in figure 19.2.
The damping resistance Rd should be selected according to table 19.1, and external capacitance
Cp; or Cyp, to table 19.2. An AT-cut parallel-resonance crystal should be used.

Crq
EXTAL T‘ }ﬂT
[
XTAL J\N\,L{ }ﬁT

Figure 19.2 Connection of Crystal Resonator (Example)

If a crystal resonator with a frequency higher than 20 MHz in the case of the 5 V version, or 13
MHz in the case of the 3 V version, is connected, the external load capacitance values in table 19.2
should not exceed 10 [pF]. Also, in order to improve the accuracy of the oscillation frequency, a
thorough study of oscillation matching evaluation, etc., should be carried out when deciding the
circuit constants.

Table 19.1 Damping Resistance Value

Damping Resistance Frequency f (MHz)

Value 2 |2<f<4|4<f<8|8<f<10(10<f<13|13<f<16|16<f<18|18<f<25

Rd (Q) |H8/3048B 1k 500 200 0 0 0 0 0
Series

Note: A crystal resonator between 2 MHz and 25 MHz can be used. If the chip is to be operated
at less than 2 MHz, the on-chip frequency divider should be used. (A crystal resonator of
less than 2 MHz cannot be used.)

Table 19.2 External Capacitance Values

External Capacitance Value 5V Version 3 V Version
Frequency f (MHz) 20<f<25 2<f<20 2<f<13 13<f<25
CL1=Cy2 (pF) 10 10 to 22 10 to 22 10
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Crystal Resonator: Figure 19.3 shows an equivalent circuit of the crystal resonator. The crystal
resonator should have the characteristics listed in table 19.3.

XTAL <—e +— EXTAL

Co AT-cut parallel-resonance type

Figure 19.3 Crystal Resonator Equivalent Circuit

Table 19.3 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16 18 20 25
Rs max (Q) 500 120 80 70 60 50 40 40 40
Co max (pF) 7

Use a crystal resonator with a frequency equal to the system clock frequency (@).

Notes on Board Design: When a crystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 19.4.

When the board is designed, the crystal resonator and its load capacitors should be placed as close
as possible to the XTAL and EXTAL pins.
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Avoid — > Signal A Signal B

Cly | H8/3048B Series
r || 3 3 XTAL
= 3
r || 3 EXTAL
o

Figure 19.4 Example of Incorrect Board Design

19.2.2  External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examples in figure
19.5. The external clock is input from the EXTAL pin. If the XTAL pin is left open, the stray
capacitance should not exceed 10 pF. If the stray capacitance at the XTAL pin exceeds 10 pF in
configuration a, use configuration b instead and hold the clock high in standby mode.

EXTAL —————— External clock input

XTAL | Open

a. XTAL pin left open

EXTAL External clock input

74HC04
XTAL

b. Complementary clock input at XTAL pin

Figure 19.5 External Clock Input (Examples)
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External Clock: The external clock frequency should be equal to the system clock frequency (@)
when not divided by the on-chip frequency divider. Table 19.4, figures 19.6 and 19.7 indicate the
clock timing.

When the appropriate external clock is input via the EXTAL pin, its waveform is corrected by the
on-chip oscillator and duty adjustment circuit. The resulting stable clock is output to external
devices after the external clock settling time (tpgxr) has passed after the clock input. The system
must remain reset with the reset signal low during tpgxt, while the clock output is unstable.

Table 19.4(1) Clock Timing for H8/3048B Series (8 MHz < f <25 MHz)

Vee = Vee =
0,
3.0Vto3.6V 50V+10% Test

Item Symbol Min Max Min Max Unit Conditions
External clock input low  tex. teyc/2-5 — teye/2-5 — ns Figure 19.6
pulse width

External clock input high  texu teye/2-5 — teye/2-6 — ns

pulse width

External clock rise time tex — 5 — 5 ns

External clock fall time text — 5 — 5 ns

Clock low pulse width toL 0.4 0.6 0.4 0.6 teye Figure 21.7
Clock high pulse width teH 0.4 0.6 0.4 0.6 teye

External clock output toext 500 — 500 — us Figure 19.7

settling delay time

Note: * tpext includes a RES pulse width (tresw). tresw = 20 teyc
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Table 19.4(2) Clock Timing for H8/3048B Series (2 MHz < f <8 MHz)

Vee = Vce =
30Vto3.6V 5.0V10%
Item Symbol Min Max Min Max Unit Test Conditions
External clock texc 57 — 57 — ns Figure 19.6
input low pulse
width
External clock texH 57 — 57 — ns
input high pulse
width
External clock texr — 5 — 5 ns
rise time
External clock texr — 5 — 5 ns
fall time
Clock low pulse teL 0.4 0.6 0.4 0.6 teye ®=25MHz Figure
width 80 — 80 — ns  @<5MHz 217
Clock high pulse  tcn 04 0.6 04 0.6 teye ©=5 MHz
width 80 — 80 — ns  @<5MHz
External clock toext 500 — 500 — us Figure 19.7
output settling
delay time
Note: * tpext includes 20 tc,c of RES (tresw).
texH texL
-~
. VCC x 0.7
EXTAL Voe x 0.5
0.3V
= = texr = = texr

Figure 19.6 External Clock Input Timing
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RES Il

)

toexT

Figure 19.7 External Clock Output Settling Delay Timing

19.3  Duty Adjustment Circuit

When the oscillator frequency is 5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate the signal that becomes the system clock.

19.4 Prescalers

The prescalers divide the system clock (@) to generate internal clocks (@/2 to ¢/4096).

19.5 Frequency Divider

The frequency divider divides the duty-adjusted clock signal to generate the system clock (¢). The
frequency division ratio can be changed dynamically by modifying the value in DIVCR, as
described below. Power consumption in the chip is reduced in almost direct proportion to the
frequency division ratio. The system clock generated by the frequency divider can be output at the

@pin.
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19.5.1 Register Configuration
Table 19.5 summarizes the frequency division register.

Table 19.5  Frequency Division Register

Address™ Name Abbreviation R/IW Initial Value

H'FF5D Division control register DIVCR R/W H'FC

Note: * The lower 16 bits of the address are shown.

19.5.2  Division Control Register (DIVCR)

DIVCR is an 8-bit readable/writable register that selects the division ratio of the frequency

divider.

Bit 7 6 5 4 3 2 1 0

O d d O O ad ‘ DIV1 ‘ DIVO
Initial value 1 1 1 1 1 1 0 0
Read/Write O a ad O O a R/W R/W

Reserved bits

Divide bits 1 and 0
These bits select the
frequency division ratio

DIVCR is initialized to H'FC by a reset and in hardware standby mode. It is not initialized in
software standby mode.
Bits 7 to 2—Reserved: Read-only bits, always read as 1.

Bits 1 and 0—Divide (DIV1 and DIV0): These bits select the frequency division ratio, as
follows.

Bit 1: DIV1 Bit 0: DIVO Frequency Division Ratio

0 0 1M (Initial value)
1 1/2

1 0 1/4
1 1/8
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19.5.3  Usage Notes

The DIVCR setting changes the @ frequency, so note the following points.

* Select a frequency division ratio that stays within the assured operation range specified for the
clock cycle time t.y in the AC electrical characteristics. Note that @y must be in the lower
limit of the clock frequency range. Avoid settings that give system clock frequencies less than

the lower limit.

Table 19.6 shows the comparison with the clock frequency range for each version.

Table 19.6 Comparison with the Clock Frequency Ranges in the H8/3048 Series and

H8/3048B Series
ROM type F-ZTAT ZTAT Mask ROM
H8/3048 | H8/3047 | H8/3045 | H8/3044 | H8/3048B
H8/3048 Mask Mask Mask Mask Mask
Version | Version | Version | Version Version
Guaranteed |4.5-5.5V 2-25 1-16 1-18 1-18 MHz 2-25
clock MHz MHz MHz MHz
frequency 31555V — 1-13 1-13 MHz —
range MHz
2.7-5.5V — 1-8 1-8 1-8 MHz —
MHz MHz
3.0-3.6V 2-25 — — — 2-25
MHz MHz
Crystal oscillation 2-25 2-16 2-18 2-18 MHz 2-25
range MHz MHz MHz MHz

e All on-chip module operations are based on @. Note that the timing of timer operations, serial
communication, and other time-dependent processing differs before and after any change in
the division ratio. The waiting time for exit from software standby mode also changes when
the division ratio is changed. For details, see section 20.4.3, Selection of Waiting Time for Exit
from Software Standby Mode.
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Section 20 Power-Down State

20.1 Overview

The H8/3048B Series has a power-down state that greatly reduces power consumption by halting
the CPU, and a module standby function that reduces power consumption by selectively halting
on-chip modules.

The power-down state includes the following three modes:

¢ Sleep mode
e Software standby mode

¢ Hardware standby mode

The module standby function can halt on-chip supporting modules independently of the power-
down state. The modules that can be halted are the ITU, SCI0, SCI1, DMAC, refresh controller,
and A/D converter.

Table 20.1 indicates the methods of entering and exiting the power-down modes and module
standby mode, and gives the status of the CPU and on-chip supporting modules in each mode.
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Table 20.1 Power-Down State and Module Standby Function
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20.2  Register Configuration

The H8/3048B Series has a system control register (SYSCR) that controls the power-down state,
and a module standby control register (MSTCR) that controls the module standby function. Table
20.2 summarizes these registers.

Table 20.2 Control Register

Address™ Name Abbreviation R/W Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FF5E Module standby control register MSTCR R/W H'40

Note: * Lower 16 bits of the address.

20.2.1 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
\ SSBY \ STS2 \ STS1 \ STSO \ UE ‘NMIEG‘ 0 \ RAME \
Initial value 0 0 0 0 1 0 1 1
ReadWite © RW RW RW RW RW RW O RIW
RAM enable

Reserved bit

NMI edge select

User bit enable

Standby timer select 2 to 0
These bits select the

waiting time at exit from
software standby mode

Software standby
Enables transition to
software standby mode

SYSCR is an 8-bit readable/writable register. Bit 7 (SSBY) and bits 6 to 4 (STS2 to STSO0) control
the power-down state. For information on the other SYSCR bits, see section 3.3, System Control
Register (SYSCR).
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Bit 7—Software Standby (SSBY): Enables transition to software standby mode. When software
standby mode is exited by an external interrupt, this bit remains set to 1 after the return to normal
operation. To clear this bit, write 0.

Bit 7: SSBY Description
0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode

Bits 6 to 4—Standby Timer Select (STS2 to STS0): These bits select the length of time the CPU
and on-chip supporting modules wait for the clock to settle when software standby mode is exited
by an external interrupt. If the clock is generated by a crystal resonator, set these bits according to
the clock frequency so that the waiting time will be at least 7 ms. See table 20.3.

If an external clock is used, select the setting so that the waiting time is 100 pYs or more according
to the clock frequency.

Bit 6: STS2 Bit 5: STS1 Bit 4: STS0 Description

Waiting time = 262,144 states
Waiting time = 1,024 states

0 0 0 Waiting time = 8,192 states (Initial value)
1 Waiting time = 16,384 states
1 0 Waiting time = 32,768 states
1 Waiting time = 65,536 states
1 0 0 Waiting time = 131,072 states
1
0
1

lllegal setting
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20.2.2  Module Standby Control Register (MSTCR)

MSTCR is an 8-bit readable/writable register that controls output of the system clock (@). It also
controls the module standby function, which places individual on-chip supporting modules in the
standby state. Module standby can be designated for the ITU, SCIO0, SCI1, DMAC, refresh
controller, and A/D converter modules.

Bit 7 6 5 4 3 2 1 0

‘ PSTOP ‘ — ‘ MSTOP5‘ MSTOP4‘ MSTOP3 ‘ MSTOP2 ‘ MSTOP1 ‘ MSTOPO ‘
Initial value 0 1 0 0 0 0 0 0
Read/Write R/W — R/W R/W R/W R/W R/W R/W

Module standby 5 to 0
Reserved bit These bits se_lect modules
to be placed in standby

¢ clock stop
Enables or disables
output of the system clock

MSTCR is initialized to H'40 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—@ Clock Stop (PSTOP): Enables or disables output of the system clock ().

Bit 1: PSTOP Description

0

System clock output is enabled (Initial value)

1

System clock output is disabled

Bit 6—Reserved: Read-only bit, always read as 1.

Bit 5—Module Standby 5 (MSTOPS): Selects whether to place the ITU in standby.

Bit 5: MSTOP5 Description

0

ITU operates normally (Initial value)

1

ITU is in standby state
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Bit 4—Module Standby 4 (MSTOP4): Selects whether to place SCIO in standby.

Bit 4: MSTOP4 Description

0 SCI0 operates normally (Initial value)

1 SCI0 is in standby state

Bit 3—Module Standby 3 (MSTOP3): Selects whether to place SCI1 in standby.

Bit 3: MSTOP3 Description

0 SCI1 operates normally (Initial value)

1 SCI1 is in standby state

Bit 2—Module Standby 2 (MSTOP2): Selects whether to place the DMAC in standby.

Bit 2: MSTOP2 Description

0 DMAC operates normally (Initial value)

1 DMAC is in standby state

Bit 1—Module Standby 1 (MSTOP1): Selects whether to place the refresh controller in standby.

Bit 1: MSTOP1 Description

0 Refresh controller operates normally (Initial value)

1 Refresh controller is in standby state

Bit 0—Module Standby 0 (MSTOPO0): Selects whether to place the A/D converter in standby.

Bit 0: MSTOPO Description

0 A/D converter operates normally (Initial value)

1 A/D converter is in standby state
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20.3  Sleep Mode

20.3.1 Transition to Sleep Mode

When the SSBY bit is cleared to 0 in SYSCR, execution of the SLEEP instruction causes a
transition from the program execution state to sleep mode. Immediately after executing the SLEEP
instruction the CPU halts, but the contents of its internal registers are retained. The DMA
controller (DMAC), refresh controller, and on-chip supporting modules do not halt in sleep mode.
Modules which have been placed in standby by the module standby function, however, remain
halted.

20.3.2  Exit from Sleep Mode

Sleep mode is exited by an interrupt, or by input at the RES or STBY pin.

Exit by Interrupt: An interrupt terminates sleep mode and causes a transition to the interrupt
exception handling state. Sleep mode is not exited by an interrupt source in an on-chip supporting
module if the interrupt is disabled in the on-chip supporting module. Sleep mode is not exited by
an interrupt other than NMI if the interrupt is masked by the I and UI bits in CCR and IPR.

Exit by RES Input: Low input at the RES pin exits from sleep mode to the reset state.

Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware standby
mode.

20.4  Software Standby Mode

20.4.1 Transition to Software Standby Mode

To enter software standby mode, execute the SLEEP instruction while the SSBY bit is set to 1 in
SYSCR.

In software standby mode, current dissipation is reduced to an extremely low level because the
CPU, clock, and on-chip supporting modules all halt. The DMAC and on-chip supporting modules
are reset. As long as the specified voltage is supplied, however, CPU register contents and on-chip
RAM data are retained. The settings of the I/O ports and refresh controller™ are also held.

Note: * RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and registers hold their
previous states.

When the WDT is used as a watchdog timer (WT/IT = 1), the TME bit must be cleared to 0 before
setting SSBY. Also, when setting TME to 1, SSBY should be cleared to 0.
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Clear the BRLE bit in BRCR (inhibiting bus release) before making a transition to software
standby mode.

20.4.2  Exit from Software Standby Mode

Software standby mode can be exited by input of an external interrupt at the NMI, IRQ,, IRQ, or
IRQ; pin, or by input at the RES or STBY pin.

Exit by Interrupt: When an NMI, IRQ,, IRQ,, or IRQ, interrupt request signal is received, the
clock oscillator begins operating. After the oscillator settling time selected by bits STS2 to STSO
in SYSCR, stable clock signals are supplied to the entire chip, software standby mode ends, and
interrupt exception handling begins. Software standby mode is not exited if the interrupt enable
bits of interrupts IRQ,, IRQ;, and IRQ); are cleared to 0, or if these interrupts are masked in the
CPU.

Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock pulses are
supplied immediately to the entire chip. The RES signal must be held low long enough for the
clock oscillator to stabilize. When RES goes high, the CPU starts reset exception handling.

Exit by STBY Input: Low input at the STBY pin causes a transition to hardware standby mode.

20.4.3  Selection of Waiting Time for Exit from Software Standby Mode
Bits STS2 to STS0 in SYSCR and bits DIV1 and DIV0 in DIVCR should be set as follows.

Crystal Resonator: Set STS2 to STS0, DIV1, and DIVO so that the waiting time (for the clock to
stabilize) is at least 7 ms. Table 20.3 indicates the waiting times that are selected by STS2 to
STSO0, DIV1, and DIVO settings at various system clock frequencies. Refer to the clock frequency
and the waiting time in which it takes for the clock to settle, as shown in table 20.3.

External Clock: Set bits STS2 to STS0, Bits DIV0, and DIV so that the waiting time is 100 Us
or more.
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Table 20.3 Clock Frequency and Waiting Time for Clock to Settle

DIV1 DIVO STS2 STS1 STS0 Waiting Time 25 MHz 20 MHz 18 MHz 16 MHz 12 MHz 10 MHz 8 MHz 6 MHz 4 MHz 2 MHz Unit
0 o0 0 0 0 8192 states 0.3 0.4 046 051 065 08 10 13 20 441 ms
16384 states 0.7 0.8 091 1.0 1.3 1.6 20 27 441 8.2*
32768 states 1.3 16 1.8 2.0 2.7 33 41 55 82 164
65536 states 2.6 33 36 4.1 5.5 6.6 8.2 10.9* 164 328
131072 states 5.2 6.6 7.3%  82*  109* 131* 164 218 328 655
262144 states 10.5* 13.1* 146 164 218 262 328 437 655 1311
1024 states 0.04 0.05 0.057 0.064 0.085 0.10 0.13 017 026 0.51

llegal setting
8192 states 0.7 0.8 091 102 14 1.6 20 27 41 8.2* ms
16384 states 1.3 16 1.8 2.0 27 33 41 55 82 164
32768 states 2.6 33 3.6 4.1 55 6.6 8.2 10.9* 164 328
65536 states 5.2 6.6 7.3*  82*  109* 13.1* 164 218 328 655
131072 states 10.5* 13.1* 146 164 218 262 328 437 655 1311
262144 states 21.0 262 291 328 437 524 655 874 1311 2621
1024 states 0.08 0.10 011 013 017 020 026 034 051 1.0

lllegal setting
8192 states 1.3 1.6 1.8 2.0 2.7 33 41 55 82 164* ms
16384 states 2.6 33 3.6 4.1 55 6.6 8.2* 10.9* 164 32.8
32768 states 5.2 6.6 7.3*  82*  109* 13.1* 164 218 328 655
65536 states  10.5* 13.1* 14.6 164 218 262 328 437 655 131.1
131072 states 21.0 262 291 328 437 524 655 874 1311 2621
262144 states 419 524 583 655 874 1049 131.1 174.8 2621 524.3
1024 states 0.16 020 023 026 034 041 051 068 102 20

llegal setting
8192 states 2.6 33 36 4.1 5.5 6.6 8.2 10.9* 16.4* 328* ms
16384 states 5.2 6.6 7.3*  82*  109* 131* 164 218 328 655
32768 states 105  13.1* 146 164 218 262 328 437 655 1311
65536 states  21.0* 262 291 328 437 524 655 874 1311 2621
131072 states 41.9 524 583 655 874 1049 1311 1748 2621 524.3
262144 states 83.9 1049 1165 1311 1748 209.7 2621 349.5 524.3 1048.6
1024 states 033 041 046 051 068 082 10 14 20 41

llegal setting

0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
1 0 0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1

alalolo|la|la|lo|lo|lma|lma|lo|lo|m|m|lo|lo|m|m|lo|lo|a|m|lo|lo|a|a|lo|lo|a|~a|o
alo|lma|lolm|lo|lmn|lolm|lo|lmn|lo|lm|lo|lm|lOo|lm|lOo|ln|lOoln|lOo|n|lO|n|lO|n|lOo|a|o|~

*: Recommended setting
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20.4.4  Sample Application of Software Standby Mode

Figure 20.1 shows an example in which software standby mode is entered at the fall of NMI and
exited at the rise of NMI.

With the NMI edge select bit (NMIEG) cleared to 0 in SYSCR (selecting the falling edge), an
NMI interrupt occurs. Next the NMIEG bit is set to 1 (selecting the rising edge) and the SSBY bit
is set to 1; then the SLEEP instruction is executed to enter software standby mode.

Software standby mode is exited at the next rising edge of the NMI signal.

osaiator LTI et (LTI
9 U HUUUUUUUUL
NMI } ;

NMIEG | |
SSBY [ : | |
NMI interrupt Software standby  Oscillator NMI exception
handler mode (power- settling time handling
NMIEG =1 down state) (tosc2)
SSBY =1
SLEEP
instruction
Figure 20.1 NMI Timing for Software Standby Mode (Example)
20.4.5 Note

The I/O ports retain their existing states in software standby mode. If a port is in the high output
state, its output current is not reduced.
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20.5 Hardware Standby Mode

20.5.1 Transition to Hardware Standby Mode

Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin
goes low. Hardware standby mode reduces power consumption drastically by halting all functions
of the CPU, DMAC, refresh controller, and on-chip supporting modules. All modules are reset
except the on-chip RAM. As long as the specified voltage is supplied, on-chip RAM data is
retained. I/O ports are placed in the high-impedance state.

Clear the RAME bit to 0 in SYSCR before STBY goes low to retain on-chip RAM data.
The inputs at the mode pins (MD2 to MDO) should not be changed during hardware standby
mode.

20.5.2  Exit from Hardware Standby Mode

Hardware standby mode is exited by inputs at the STBY and RES pins. While RES is low, when
STBY goes high, the clock oscillator starts running. RES should be held low long enough for the
clock oscillator to settle. When RES goes high, reset exception handling begins, followed by a
transition to the program execution state.

20.5.3 Timing for Hardware Standby Mode

Figure 20.2 shows the timing relationships for hardware standby mode. To enter hardware standby
mode, first drive RES low, then drive STBY low. To exit hardware standby mode, first drive
STBY high, wait for the clock to settle, then bring RES from low to high.
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Clock
oscillator (¢
RES
(
)
STBY
(
)
:4—»:
~ Oscillator
settling time
Reset
exception
handling

Figure 20.2 Hardware Standby Mode Timing
20.6 Module Standby Function

20.6.1 Module Standby Timing

The module standby function can halt several of the on-chip supporting modules (the ITU, SCIO,
SCI1, DMAC, refresh controller, and A/D converter) independently of the power-down state. This
standby function is controlled by bits MSTOPS5 to MSTOPO in MSTCR. When one of these bits is
set to 1, the corresponding on-chip supporting module is placed in standby and halts at the
beginning of the next bus cycle after the MSTCR write cycle.

20.6.2 Read/Write in Module Standby

When an on-chip supporting module is in module standby, read/write access to its registers is
disabled. Read access always results in H'FF data. Write access is ignored.
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20.6.3  Usage Notes
When using the module standby function, note the following points.

DMAC and Refresh Controller: When setting bit MSTOP2 or MSTOP1 to 1 to place the
DMAC or refresh controller in module standby, make sure that the DMAC or refresh controller is
not currently requesting the bus right. If bit MSTOP2 or MSTOP1 is set to 1 when a bus request is
present, operation of the bus arbiter becomes ambiguous and a malfunction may occur.

Internal Peripheral Module Interrupt: When MSTCR is set to “1”, prevent module interrupt in
advance. When an on-chip supporting module is placed in standby by the module standby
function, its registers, including the interrupt flag, are initialized.

Pin States: Pins used by an on-chip supporting module lose their module functions when the
module is placed in module standby. What happens after that depends on the particular pin. For
details, see section 9, I/O Ports. Pins that change from the input to the output state require special
care. For example, if SCI1 is placed in module standby, the receive data pin loses its receive data
function and becomes a generic I/O pin. If its data direction bit is set to 1, the pin becomes a data
output pin, and its output may collide with external serial data. Data collisions should be prevented
by clearing the data direction bit to 0 or taking other appropriate action.

Register Resetting: When an on-chip supporting module is halted by the module standby
function, all its registers are initialized. To restart the module, after its MSTCR bit is cleared to 0,
its registers must be set up again. It is not possible to write to the registers while the MSTCR bit is
setto 1.

MSTCR Access from DMAC Disabled: To prevent malfunctions, MSTCR can only be accessed
from the CPU. It can be read by the DMAC, but it cannot be written by the DMAC.
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20.7  System Clock Output Disabling Function

Output of the system clock (@) can be controlled by the PSTOP bit in MSTCR. When the PSTOP
bit is set to 1, output of the system clock halts and the @ pin is placed in the high-impedance state.
Figure 20.3 shows the timing of the stopping and starting of system clock output. When the
PSTOP bit is cleared to 0, output of the system clock is enabled. Table 20.4 indicates the state of
the @ pin in various operating states.

MSTCR write cycle MSTCR write cycle
(PSTOP =1) (PSTOP =0)
T1 T2 T3 T1 T2 T3
™~ High impedance S A I U

Figure 20.3 Starting and Stopping of System Clock Output

Table 20.4 @Pin State in Various Operating States

Operating State PSTOP =0 PSTOP =1

Hardware standby High impedance High impedance
Software standby Always high High impedance
Sleep mode System clock output High impedance
Normal operation System clock output High impedance
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Section 21 Electrical Characteristics

Table 21.1 shows the electrical characteristics of the various products in the H8/3048 Series and
HS8/3048B Series.

Table 21.1 Electrical Characteristics of H8/3048 Series and H8/3048B Series Products
H8/3048 Series H8/3048B Series
H8/3048 H8/3048
H8/3048
Item Symbol | Unit F-ZTAT H8/3047 | H8/3048 F-ONE |H8/3048B
(Dual (Single Mask
H8/3045 ZTAT
Power Power ROM
H8/3044
Supply) Supply)
Operating Vec=4.5t05.5V MHz 1to 16 1to0 18 1t018 |2to 25 21025
range BV BV
operation |operation
model) model)
Vec =3.15t05.5V — 1t0 13 1t0 13 — —
Vec =27t055V 1t08 1t08 1t08 — —
Vec =3.0t03.6V — — — 2to 25 2to 25
3V 3V
operation |operation
model) model)
Operating Regular Topr °C |-20to+75|-20to +75|-20to +75] —20to -20 to
temperature |specifications +75* +75*
range Wide-range —40to +85| —40to +85 | 40to +85| —40to | —40to
specifications +85™" +85™
Absolute Vpp pin rating Vin Yes — Yes — Yes
maximum FWE pin rating — — — Yes —
ratings
Ve pin — — — Cannot  |Cannot
be be
connect- Jconnect-
ed to edto
power power
supply™®  [supply™
(CRY% (CAY
operation |operation
model model
only) only)
Power supply Vin \% -0.3to -0.3to -0.3to |-0.3to -0.3to
voltage +7.0 +7.0 +7.0 +7.0 +7.0
(CRY% (CAY
operation |operation
model) model)
-0.3to -0.3to
+4.6 +4.6
3V 3V
operation |operation
model) model)
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H8/3048 Series H8/3048B Series
H8/3048 H8/3048
H8/3048
Item Symbol | Unit F-ZTAT H8/3047 H8/3048 F-ONE |H8/3048B
(Dual (Single Mask
H8/3045 ZTAT
Power Power ROM
H8/3044
Supply) Supply)
DC charac- |RESO pin Yes Yes Yes — Yes
teristics specification
FWE pin — — — Yes —
specification
Determination Yes — — — —
level for applying
high voltage (12 V)
Standby current loc™® A Max 5 Max 5 Max 5 Max 10 | Max 10
(Ta<50°C)
Standby current Max 20 Max 20 Max 20 Max 80 | Max 80
(50°C < Ty)
AC charac- |Clock cycle time toye ns Max Max 1000| Max 1000] Max 500 | Max 500
teristics 1000
RES pulse width tresw teye Min 10 Min 10 Min 10 Min 20 Min 20
RESO output tresp ns | Max100 | Max 100 | Max 100 — —
delay time
RESO output tresow | toye Min 132 Min 132 Min 132 — —
pulse width
Flash Other wait times Refer to — — See table —
memory the 21.11
charac- H8/3048
teristics™ Series
Hardware
Manual
(revision
6.0) for
details.

Notes: *1 The operating temperature range for flash memory programming/erasing is 0°C to +75°.
*2 Connect an external capacitor between the V¢ pin and GND.
*3 See the DC Characteristics table for current dissipation during operation.
*4 Refer to the program/erase algorithms for details of flash memory characteristics.
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21.1  Electrical Characteristics of H8/3048F-ONE (Single-Power Supply)

21.1.1  Absolute Maximum Ratings
Table 21.2 lists the absolute maximum ratings.

Table 21.2 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve 5 V operation model: —0.3 to +7.0 \%
3 V operation model: —0.3 to +4.6
Input voltage (FWE)*2 Vin —0.3to Vcc +0.3 V
Input voltage (except for port 7)*2 Vin —0.3 to Vcc +0.3 \%
Input voltage (port 7) Vin —0.3 to AVcc +0.3 V
Reference voltage VREeF —0.3 to AVcc +0.3 V
Analog power supply voltage AVcc 5V operation model: -0.3 to +7.0 V
3 V operation model: —0.3 to +4.6
Analog input voltage Van —0.3 to AVcc +0.3 V
Operating temperature Topr Regular specifications: —20 to +75™ °C
Wide-range specifications: —40 to +85™°
Storage temperature Tstg -55to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Notes: *1 Do not apply the power supply voltage to the VcL pin in 5 V operation models. Connect
an external capacitor between this pin and GND.
*2 12 V must not be applied to any pin, as this may cause permanent damage to the
device.
*3 The operating temperature range for flash memory programming/erasing is 0°C to
+75°C.
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21.1.2 DC Characteristics

Table 21.3 lists the DC characteristics. Table 21.4 lists the permissible output currents.

Table 21.3 DC Characteristics (1)

Conditions: VCC =50V = 10%, AVCC =50V = 10%, VREF =45V to AVCc,

Vss = AVgs =0 V* T, =-20°C to +75°C (regular specifications), T, =—40°C to
+85°C (wide-range specifications), (T, = 0°C to +75°C during program/erase)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port A, V1~ 1.0 — — \Y
trigger input P8, to P8, Vot _ _ Ve x07 V
voltages PB3 to PBg i
Vit=Vi— 04 — — Y
Input high RES, STBY, ViH Vec—0.7 — Vec+0.3 V
voltage FWE, NMI,
MD> to MDg
EXTAL Vee x0.7 — Vec+0.3 V
Port 7 2.0 — AVcc + \Y
0.3
Ports 110 6, 9, 2.0 — Vec+0.3 V
P84, P83, PB7 to
PB4
Input low RES, STBY, Vi -0.3 — 0.5 \%
voltage MD to MDy,
FWE
NMI, EXTAL, -0.3 — 0.8 \%
ports 1t0 7, 9,
P84, P83, PB7 to
PB4
Output high  All output pins  Von Vec—05 — — \Y lon = =200 pA
voltage 3.5 — — Vv lon =—-1mA
Output low  All output pins VoL — — 0.4 \Y lo=1.6 mA
voltage Ports 1, 2, 5, — — 1.0 V. lo=10mA
and B
Input STBY, NMI, [lin] — — 1.0 MA  Vin=0.5to0
leakage RES, FWE, Vec—-0.5V
current MD- to MDg
Port 7 — — 1.0 MA  Vin=0.5to
AVcc—-0.5V
Three-state Ports 1 to 6, [Isi| — — 1.0 MA  Vin=05to
leakage 8toB Vec—0.5V

current
(off state)
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Item Symbol Min Typ Max Unit Test Conditions

Input pull-up Ports 2, 4, —lp 50 — 300 MA  Vin=0V
MOS current and 5
Input FWE Cin — — 60 pF  Vn=0V
capacitance — — 50 pF  f=fmin

All input pins — — 15 pF Ta=25°C

except NMI,

FWE
Current Normal loc™® — 45 60 mA f=25MHz
dissipation** operation*®

Sleep mode — 35 50 mA

Module standby — 20 25 mA

mode™*

Standby — 1 10 MA  Ta<50°C

*3

mode — — 80 UA  50°C <Ta
Analog During A/D Alcc — 0.5 1.5 mA  AVcc=5.0V
power conversion
S“pp'yt During A/D and — 05 15 mA
curren D/A conversion

Idle — 0.01 5.0 MA  DASTE=0
Reference During A/D Alcc — 04 0.8 mA  Veger=5.0V
current conversion

During A/D and — 1.5 3.0 mA

D/A conversion

Idle — 0.01 5.0 A  DASTE=0
RAM standby voltage VRraAM 2.0 — — \%

Notes: *1 If the A/D and D/A converters are not used, do not leave the AVcc, AVss, and Vger pins
open. Connect AVcc and Vger to Vce, and connect AVss to Vss.

*2 Current dissipation values are for Viy min = Vcc — 0.5 V and VL max = 0.5 V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

*3 The values are for Vram £ Vec < 4.5V, Vg min = Ve x 0.9, and V). max = 0.3 V.
*4 Module standby current values apply in sleep mode with all modules halted.

*5 The current dissipation value for flash memory program/erase operations (T, = 0°C to
+75°C) is 10 mA (max.) greater than the current dissipation value for normal operation.

*6 lcc depends on V¢c and f, according to the following expressions.
lcc max. (normal operation) = 10.0 [mA] + 0.36 [MA/(MHz x V)] x Vcc % f
Icc max. (sleep mode) = 10.0 [mA] + 0.29 [mA/(MHz x V)] X V¢c % f
Icc max. (sleep mode and module standby mode) = 10.0 [mA] + 0.11 [mA/(MHz x V)] x
Vee x f

The typical values of current dissipation are reference values.
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Table 21.3 DC Characteristics (2)

Conditions: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss = AVgs =0 V* T, =-20°C to +75°C (regular specifications), T, =—40°C to
+85°C (wide-range specifications), (T, = 0°C to +75°C during program/erase)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port A, Vi~ Veex0.2 — — \Y
trigger input P8, to P8, Vot _ _ Ve x07 V
voltages PB3 to PBg i
Vit =V Ve X —_ —_ Vv
0.05

Input high RES, STBY, V|H VCC x0.9 — VCC +03 V
voltage FWE, NMI,

MD2 to MDo

EXTAL Vee x0.7 — Vec+0.3 V

Port 7 Vee x 0.7 — AVce + \Y

0.3

Ports 110 6, 9, Vee x0.7 — Vec+0.3 V

P84, P83, PB7 to

PB4
Input low RES, STBY, Vi -0.3 — Vee x0.1 V
voltage MD to MDy,

FWE

NMI, EXTAL, -0.3 — Vee x0.2 V

ports 1t0 7, 9,

P84, P83, PB7 to

PB4
Output high  All output pins  Von Vec—05 — — \% lon =—-200 pA
voltage Vee—1.0 — — V. lon=-1mA
Output low  All output pins VoL — — 0.4 \Y lo=1.6 mA
voltage Ports 1, 2, 5, — — 1.0 V. lo=5mA

and B
Input STBY, NMI, [Tin| — — 1.0 MA  Vin=0.5to
leakage RES, FWE, Vec—0.5V
current MD; to MDg

Port 7 — — 1.0 MA  Vin=0.5to

AVcc—-0.5V

Three-state Ports 1 to 6, [Isi| — — 1.0 MA  Vin=05to
leakage 8toB Vec—-0.5V
current
(off state)
Input pull-up Ports 2, 4, —Ip 10 — 300 MA  Vihn=0V

MOS current and 5
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Item Symbol Min Typ Max Unit Test Conditions

Input FWE Cin — — 60 pF  Vn=0V
capacitance — — 50 pF  f=fmin

All input pins — — 15 pF Ta=25°C

except NMI,

FWE
Current Normal lec™ — 40 60 mA  f=25MHz
dissipation** operation*®

Sleep mode — 30 50 mA

Module standby — 20 25 mA

mode™*

Standby — 1 10 MA  Ta<50°C

*3

mode — — 80 UA  50°C <Ta
Analog During A/D Alcc — 0.5 1.5 mA  AVcc =33V
power conversion
S“pp'yt During A/D and — 05 15 mA
curren D/A conversion

Idle — 0.01 5 MA  DASTE=0
Reference During A/D Alcc — 04 0.8 mA  Vger=3.3V
current conversion

During A/D and — 1.5 3 mA

D/A conversion

Idle — 0.01 5 A DASTE=0
RAM standby voltage VRraAM 2.0 — — \Y,

Notes: *1 If the A/D and D/A converters are not used, do not leave the AVcc, AVss, and Vger pins
open. Connect AVcc and Vger to Vce, and connect AVss to Vss.

*2 Current dissipation values are for Viy min = Vcc — 0.5V and V. max = 0.5 V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

*3 The values are for Vram £ Vec < 3.0V, Vi min = Ve x 0.9, and Vi max = 0.3 V.
*4 Module standby current values apply in sleep mode with all modules halted.

*5 The current dissipation value for flash memory program/erase operations (T, = 0°C to
+75°C) is 10 mA (max.) greater than the current dissipation value for normal operation.
*6 lcc depends on Vcc and f, according to the following expressions.
Icc max. (normal operation) = 6.0 [mA] + 0.60 [mMA/(MHz x V)] x Vcc % f
Icc max. (sleep mode) = 6.0 [mA] + 0.49 [mMA/(MHz x V)] X V¢c x f
Icc max. (sleep mode and module standby mode) = 6.0 [mA] + 0.21 [mA/(MHz x V)] x
Vee x f
The typical values of current dissipation are reference values.
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Table 21.4 Permissible Output Currents

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss =0V, T,=-20°C to +75°C (regular specifications), T, = —40°C to
+85°C (wide-range specifications)

Condition B: Ve =5.0V £10%, AVce=5.0 V£10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, T,=-20°C to +75°C (regular specifications), T, =—40°C to
+85°C (wide-range specifications)

Conditions A, B

Item Symbol Min Typ Max Unit
Permissible output Ports 1, 2, 5, and B loL — — 10 mA
low current (per pin) Other output pins — — 20 mA
Permissible output Total of 28 pins in 2loL — — 80 mA
low current (total) ports 1, 2, 5, and B

Total of all output pins, — — 120 mA

including the above

Permissible output All output pins loH — — 2.0 mA
high current (per pin)

Permissible output Total of all output pins >loH — — 40 mA
high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 21.4.

2. When driving a darlington pair or LED, always insert a current-limiting resistor in the
output line, as shown in figures 21.1 and 21.2.
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H8/3048F-ONE

Port

Darlington pair

Figure 21.1 Darlington Pair Drive Circuit (Example)

H8/3048F-ONE

Ports 1, 2, 5,
and B 600Q

LED

Figure 21.2 LED Drive Circuit (Example)

Rev. 2.0, 02/03, page 649 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

21.1.3  AC Characteristics

Bus timing parameters are listed in table 21.5. Refresh controller bus timing parameters are listed
in table 21.6. Control signal timing parameters are listed in table 21.7. Timing parameters of the
on-chip supporting modules are listed in table 21.8.

Table 21.5 Bus Timing

Condition A: Vec=3.0V1t03.6V,AVcc=3.0V1t03.6V, Vrgr=3.0VtoAVcc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =35.0V £10%, AVce=5.0 V £10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz Test

Item Symbol Min Max Min Max Unit Conditions
Clock cycle time teve 40 500 40 500 ns Figure 21.7
Clock pulse low width toL 10 — 10 — Figure 21.8
Clock pulse high width ton 10 — 10 —

Clock rise time ter — 10 — 10

Clock fall time ter — 10 — 10

Address delay time tap — 28 — 25

Address hold time tan 0.5teyc — 20 — 0.5tyc — 20 —

Address strobe delay time  tasp — 25 — 25

Write strobe delay time twsp — 25 — 25

Strobe delay time tso — 25 — 25

Write data strobe pulse twsw1 1.0ty —25 — 1.0ty —25 —

width 1

Write data strobe pulse twsw2 1.5t c— 256 — 1.5t c— 256 —

width 2

Address setup time 1 tast 0.5t c—20 — 0.5t c—20 —

Address setup time 2 tas2 1.0ty —20 — 1.0ty —20 —

Read data setup time tros 15 — 15 —

Read data hold time troH 0 — 0 —
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Condition A Condition B
25 MHz 25 MHz Test

Item Symbol Min Max Min Max Unit Conditions
Write data delay time twop — 35 — 35 ns Figure 21.7
Write data setup time 1 twos1 1.0teyc — 30 — 1.0teyc — 30 — Figure 21.8
Write data setup time 2 twos2 0.5teyc —30 — 0.5teyc — 30 —
Write data hold time twon 0.5t c— 15 — 0.5t — 15 —
Read data access time 1 tacct — 1.5t c—40 — 1.5tcyc — 40
Read data access time 2 tacc2 — 2.5ty —40 — 2.5t — 40
Read data access time 3 taccs — 1.0t e —28 — 1.0tcyc — 28
Read data access time 4 taccs — 2.0ty —32 — 2.0teyc — 32
Precharge time tech 1.0ty —20 — 1.0ty —20 —
Wait setup time twrs 25 — 25 — ns Figure 21.9
Wait hold time twrh 5 — 5 —
Bus request setup time tsras 25 — 25 — ns Figure 21.21
Bus acknowledge delay teacD1 — 30 — 30
time 1
Bus acknowledge delay tsacD2 — 30 — 30
time 2
Bus-floating time tazp — 40 — 40

RENESAS
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Table 21.6 Refresh Controller Bus Timing

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =5.0 V£ 10%, AVcc=5.0V £10%, Vrgr =4.5 V to AVcc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)
Condition A Condition B
25 MHz 25 MHz Test
Item Symbol Min Max Min Max Unit Conditions
RAS delay time 1*' trap1 — 20 — 18 ns  Figure 21.10
RAS delay time 2*' trapz — 20 — 18 th;gure D116
RAS delay time 3*" trapa — 20 — 18
Row address hold time tra 0.5tyc—5 — 0.5ty -5 —
RAS precharge time™’ trp 1.0ty — 15 — 1.0ty — 15 —
CAS to RAS precharge  tcre 1.0ty — 15 — 1.0ty — 15 —
time™*' *2
CAS pulse width™ teas 1.0teyc— 18 — 1.0teyc— 18 —
RAS access time™" trac — 2.0tyc—35 — 2.0teyo — 35
Address access time taa — 1.5t c—40 — 1.5tcyc — 40
CAS access time™? teac — 1.0ty— 30 — 1.0tey— 30
Write data setup time 3 twoss 1.0t e — 25 — 1.0t e — 256 —
CAS setup time™ tesr 0.5tyyc— 15 — 0.5tyyc— 15 —
Read strobe delay time trsD — 25 — 25
Signal rise time (all input  tsr — 100 — 100 ns Figure 21.18
pins except EXTAL)
Signal fall time (all input tsr — 100 — 100

pins except EXTAL)

Notes: *1 The RAS pin is assigned to the CS3 pin.
*2 The CAS pin is assigned to the RD pin.
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Table 21.7 Control Signal Timing

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =5.0V £10%, AVce=5.0 V£10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz
Test
Item Symbol Min Max Min Max Unit  Conditions
RES setup time tress 200 — 200 — ns Figure 21.18
RES pulse width tRESW 20 — 20 — tovo
Mode programming setup time tvos 200 — 200 — ns
NMI setup time tamis 150 — 150 — ns Figure 21.20
(NMI, IRQs to IRQo)
NMI hold time tNmiH 10 — 10 —
(NMI, IRQs to IRQo)
Interrupt pulse width tamiw 200 — 200 —
(NMI, IRQ; to IRQo
when exiting software
standby mode)
Clock oscillator settling tosct 20 — 20 — ms Figure 21.22
time at reset (crystal)
Clock oscillator settling tosc2 7 — 7 — ms Figure 20.1
time in software standby
(crystal)
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Table 21.8 Timing of On-Chip Supporting Modules

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,

Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =5.0 V£ 10%, AVcc=5.0V £10%, Vrgr =4.5 V to AVcc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)
Condition A Condition B
25 MHz 25 MHz Test
Item Symbol  Min Max Min Max Unit Conditions
DMAC DREQ setup time toras 20 — 20 — ns Figure 21.30
DREQ hold time toram 10 — 10 —
TEND delay time 1 trent — 50 — 50 Figures 21.28
TEND delay time 2 treoe — 50 — 50 and 21.29
ITU Timer output delay time troco — 50 — 50 ns Figure 21.24
Timer input setup time trics 40 — 40 —
Timer clock input setup time  trcks 40 — 40 — Figure 21.25
Timer clock Single edge trokwh 1.5 — 1.5 — teve
pulse width Both edges trekwe 2.5 — 2.5 —
SCI Input clock  Asynchronous  tscvc 4 — 4 — teve Figure 21.26
cycle Synchronous tscve 6 — 6 —
Input clock rise time tsckr — 1.5 — 15
Input clock fall time tsckr — 1.5 — 1.5
Input clock pulse width tsckw 0.4 0.6 0.4 0.6 tscve
Transmit data delay time trxo — 100 — 100 ns Figure 21.27
Receive data setup time trxs 100 — 100 —
(synchronous)
Receive Clock input trxH 100 — 100 —
data hold
time (Syn- ook output trx 0 — 0 —
chronous)
Ports  Output data delay time tewp — 50 — 50 ns Figure 21.23
_?:fé Input data setup time trrs 50 — 50 —
Input data hold time terH 50 — 50 —
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H8/3048F-ONE

output pin ©

.

)
§RH

T

C =90 pF: ports 4, 5, 6,8, A (19 t0 0),
D (15t0 8),

C=30pF: ports 9, A, B

R, =24kQ
Ry =12kQ

Input/output timing measurement levels
* Low: 0.8V
* High: 2.0V

Figure 21.3 Output Load Circuit
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21.1.4 A/D Conversion Characteristics
Table 21.9 lists the A/D conversion characteristics.

Table 21.9 A/D Converter Characteristics

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss=0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =35.0V £10%, AVce=5.0 V £10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz

Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bits
Conversion time (single mode) 5.36 — — 5.36 — — us
Analog input capacitance — — 20 — — 20 pF
Permissible ®< 13 MHz — — 10 — — 10 kQ
_signal-source 0> 13 MHz _ _ 5 — — 5
impedance
Nonlinearity error — — 3.5 — — +3.5 LSB
Offset error — — 3.5 — — +3.5 LSB
Full-scale error — — +3.5 — — +3.5 LSB
Quantization error — — 0.5 — — 0.5 LSB
Absolute accuracy — — 4.0 — — +4.0 LSB
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21.1.5 D/A Conversion Characteristics
Table 21.10 lists the D/A conversion characteristics.

Table 21.10 D/A Converter Characteristics

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =35.0V £10%, AVce=5.0 V£10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz

Item Min Typ Max Min Typ Max Unit Test Conditions

Resolution 8 8 8 8 8 8 Bits

Conversion time — — 10 — — 10 us 20-pF capacitive

(centering time) load

Absolute accuracy — +2.0 3.0 — +1.5 +2.0 LSB 2-MQ resistive
load

— — 2.0 — — 1.5 LSB 4-MQ resistive

load
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21.1.6

Flash Memory Characteristics

Table 21.11 lists the flash memory characteristics.

Table 21.11 Flash Memory Characteristics (1)

Conditions: Vec=4.5V1t055V,AVcc=45V 1055V, Vrgr=4.5 Vto AVcc, Vss= AVgg=
0V, T,=0°C to+75°C (program/erase operating temperature range)
Item Symbol Min Typ Max Unit Notes
Programming time™*" *2*4 tp — 10 200 ms/
128 bytes
Erase time™" ***° te — 100 1200 ms/
block
Reprogramming count Nwec — — 100 Times
Programming  Wait time after SWE bit setting™  tsowe 1 1 —  us
Wait time after PSU bit setting™  tepsu 50 50 — s
Wait time after P bit setting™ ™ tga0 28 30 32 us Programming
time wait
tsp200 198 200 202 s Programming
time wait
tsp10 8 10 12 us Additional
programming
time wait
Wait time after P bit clear™' tep 5 5 —  us
Wait time after PSU bit clear™’ tepsu 5 5 —  us
Wait time after PV bit setting™’ tepy 4 4 —  us
Wait time after H'FF dummy write™" te,r 2 2 —  us
Wait time after PV bit clear™’ topy 2 2 —  us
Wait time after SWE bit clear™ teswe 100 100 O us
Maximum programming count™ ** N — — 1000 Times
Erase Wait time after SWE bit setting™  tewe 1 1 —  us
Wait time after ESU bit setting™  teesu 100 100 —  ps
Wait time after E bit setting™ *®  t. 10 10 100 ms Erase time
wait
Wait time after E bit clear™ teo 10 10 — ps
Wait time after ESU bit clear™’ teesu 10 10 — us
Wait time after EV bit setting™’ teev 20 20 — s
Wait time after H'FF dummy write™" teeyr 2 2 —  us
Wait time after EV bit clear™’ tev 4 4 —  us
Wait time after SWE bit clear™ teswe 100 100 O us
Maximum erase count™" *° N 12— 120 Times
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Notes:

*2

*3

*4

*5

Set the times according to the program/erase algorithms.

Programming time per 128 bytes. (Shows the total time the P bit in the flash memory
control register (FLMCR1) is set. It does not include the programming verification time.)

Block erase time. (Shows the total time the E bit in FLMCR1 is set. It does not include
the erase verification time.)

To specify the maximum programming time value (tr(max)) in the 128-byte
programming algorithm, set the max. value (1000) for the maximum programming count
(N).

The wait time after P bit setting should be changed as follows according to the value of
the programming counter (n).

Programming counter (n) = 1 to 6: tsp30 = 30 ps
Programming counter (n) = 7 to 1000: tsp200 = 200 ps
Programming counter (n) [in additional programming] = 1 to 6: tsp10 = 10 ys

For the maximum erase time (te(max)), the following relationship applies between the
wait time after E bit setting (ts¢) and the maximum erase count (N):

te(max) = Wait time after E bit setting (tse) x maximum erase count (N)

To set the maximum erase time, the values of tse and N should be set so as to satisfy
the above formula.

Examples:  When tse = 100 [ms], N = 12
When tse = 10 [ms], N = 120
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Table 21.11 Flash Memory Characteristics (2)

Conditions: VCC =3.0t03.6 V, AVCC =3.0t03.6 V, VREF =3.0Vto AVCc, VSS = AVSS =0 V,
T, =0°C to +75°C (operating temperature range for programming/erasing)

Item Symbol Min Typ Max  Unit Notes
Programming time™** *2*4 tp — 10 200 ms/
128 bytes
Erase time™" ***° te — 100 1200 ms/block
Reprogramming count Nwec — — 100 Times
Programming Wait time after SWE bit setting™  teswe 1 1 — us
Wait time after PSU bit setting™  tepsu 50 50 — us
Wait time after P bit setting™ ™ tea0 28 30 32 us Programming
time wait
tsp200 198 200 202 us Programming
time wait
tsp10 8 10 12 us Additional-
programming
time wait
Wait time after P bit clear™’ tep 5 5 — us
Wait time after PSU bit clear™  tepeu 5 5 — us
Wait time after PV bit setting™  te, 4 4 — us
Wait time after H'FF dummy tspvr 2 2 — us
write™’
Wait time after PV bit clear™’ tepy 2 2 — us
Wait time after SWE bit clear™  teswe 100 100 — us
Maximum programming N — — 1000 Times
count™" *4
Erase Wait time after SWE bit setting™  teswe 1 1 — us
Wait time after ESU bit setting™  teesu 100 100 — us
Wait time after E bit setting™ *®  te 10 10 100 ms Erase time
wait
Wait time after E bit clear™' tee 10 10 — us
Wait time after ESU bit clear™ teosu 10 10 — us
Wait time after EV bit setting™  teey 20 20 — us
Wait time after H'FF dummy tsevr 2 2 — us
write™’
Wait time after EV bit clear™ teov 4 4 — us
Wait time after SWE bit clear™  teswe 100 100 — us
Maximum erase count™" *° N 12 — 120  Times
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Notes: *1 Make each time setting in accordance with the program/program-verify flowchart or
erase/erase-verify flowchart.

*2 Programming time per 128 bytes (Shows the total period for which the P-bit in the flash
memory control register 1 (FLMCR1) is set. It does not include the programming
verification time.)

*3 Block erase time (Shows the total period for which the E-bit in FLMCR1 is set. It does
not include the erase verification time.)

*4  To specify the maximum programming time (to(max)) in the 128-byte programming
flowchart, set the maximum value (1000) for the maximum programming count (N).
The wait time after P bit setting should be changed as follows according to the value of
the programming counter (n).

Programming counter (n) = 1 to 6: tspz0 = 30 ps
Programming counter (n) = 7 to 1000: tsp200 = 200 ps
Programming counter (n) [in additional programming] = 1 to 6: tsp10 = 10 ys

*5 For the maximum erase time (te(max)), the following relationship applies between the

wait time after E bit setting (ts¢) and the maximum erase count (N):

te(max) = Wait time after E bit setting (tse) x maximum erase count (N)

To set the maximum erase time, the values of tse and N should be set so as to satisfy
the above formula.

Examples: When tse = 100 [ms], N = 12 times
When tse = 10 [ms], N = 120 times
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21.2  Electrical Characteristics of H8/3048B (Mask ROM)

21.2.1  Absolute Maximum Ratings

Table 21.12 lists the absolute maximum ratings.

Table 21.12 Absolute Maximum Ratings — Preliminary —
Item Symbol Value Unit
Power supply voltage Voo™ 5 V operation model: —0.3 to +7.0 \%

3 V operation model: —0.3 to +4.6
Input voltage (FWE)*2 Vin —0.3to V¢c +0.3 V
Input voltage (except for port 7)*2 Vin —0.3 to Vcc +0.3 \%
Input voltage (port 7) Vin —0.3 to AVcc +0.3 V
Reference voltage VREerF —0.3 to AVcc +0.3 \%
Analog power supply voltage AVcc 5V operation model: -0.3 to +7.0 \Y,

3 V operation model: —0.3 to +4.6
Analog input voltage Van —0.3 to AVcc +0.3 V
Operating temperature Topr Regular specifications: —20 to +75™ °C

Wide-range specifications: —40 to +85™°
Storage temperature Tstg -55to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.

Notes: *1 Do not apply the power supply voltage to the VcL pin in 5 V operation models. Connect
an external capacitor between this pin and GND.

*2 12 V must not be applied to any pin, as this may cause permanent damage to the

device.

*3 The operating temperature range for flash memory programming/erasing is 0°C to

+75°C.
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21.2.2

DC Characteristics

Table 21.13 lists the DC characteristics. Table 21.14 lists the permissible output currents.

Table 21.13 DC Characteristics (1)

— Preliminary —

Conditions: VCC =50V = 10%, AVCC =50V = 10%, VREF =45V to AVCc,
Vss = AVgs =0 V* T, =-20°C to +75°C (regular specifications), T, =—40°C to
+85°C (wide-range specifications)
Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port A, V1~ 1.0 — — \Y
trigger input P8, to P8, Vot _ _ Ve x07 V
voltages PB3 to PBg i
Vit=Vi— 04 — — Y
Input high RES, STBY, ViH Vec—0.7 — Vec+0.3 V
voltage NMI, MD. to
MDgo
EXTAL Vee x0.7 — Vec+03 V
Port 7 2.0 — AVcc + \Y
0.3
Ports 110 6, 9, 2.0 — Vec+0.3 V
P84, P83, PB7 to
PB4
Input low RES, STBY, Vi -0.3 — 0.5 \Y
voltage MD; to MDgo
NMI, EXTAL, -0.3 — 0.8 \Y
ports 1t0 7, 9,
P84, P83, PB7 to
PB4
Output high  All output pins  Von Vec—-0.5 — — \% lon = =200 pA
voltage (Except RESO) 35 _ _ v lon = —1 mA
Output low  All output pins VoL — — 0.4 \Y lo=1.6 mA
voltage (Except RESO)
Ports 1, 2, 5, — — 1.0 \Y lo. =10 mA
and B
RESO — — 0.4 lo=1.6 mA
Input STBY, NMI, [lin] — — 1.0 MA  Vin=0.5to0
leakage RES, MD; to Vec—0.5V
current MDg
Port 7 — — 1.0 MA  Vin=05to
AVcc—-0.5V
Three-state  Ports 1 to 6, [Irs1| — — 1.0 MA  Vihn=0.5t0
leakage 8toB Vec—-0.5V
current
(off state)
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Item Symbol Min Typ Max Unit Test Conditions

Input pull-up Ports 2, 4, —lp 50 — 300 MA V=0V
MQOS current and 5
Input NMI Cin — — 50 pF  Vn=0V
capacitance Ay input pins — — 15 pF  f=fmin

except NMI T.=25°C
Current Normal lec™ — 45 60 mA f=25MHz
dissipation’k2 operation

Sleep mode — 35 50 mA

Module standby — 20 25 mA

mode™

Standbsy — 1 10 MA T,<50°C

3k

mode — — 80 WA 50°C < T,
Analog During A/D Alcc — 0.5 15 mA  AVcc=5.0V
power conversion
S“pp'yt During A/D and _ 0.5 15 mA
curren D/A conversion

Idle — 0.01 5.0 MA  DASTE=0
Reference During A/D Alcc — 0.4 0.8 mA Vger=5.0V
current conversion

During A/D and — 1.5 3.0 mA

D/A conversion

Idle — 0.01 5.0 MA  DASTE=0
RAM standby voltage VRraAm 2.0 — — \%

Notes: *1 If the A/D and D/A converters are not used, do not leave the AVcc, AVss, and Vger pins
open. Connect AVcc and Vger to Vee, and connect AVss to Vss.

*2 Current dissipation values are for Viy min = Vcc — 0.5 V and V. max = 0.5 V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

*3 The values are for Vram < Vec < 4.5V, Viy min = Vee x 0.9, and Vi. max=0.3 V.
*4 Module standby current values apply in sleep mode with all modules halted.
*5 lcc depends on Vcc and f, according to the following expressions.
[Applicable operating frequency: 2 to 25 MHz]
lcc max. (normal operation) = 5.0 [mA] + 0.32 [mMA/(MHz x V)] X Vcc % (f — 2)
lcc max. (sleep mode) = 7.0 [mA] + 0.26 [mA/(MHz x V)] x Ve x (f — 2)
Icc max. (sleep mode and module standby mode) = 6.0 [mA] + 0.11 [mA/(MHz x V)] x
Ve % (f—2)
The typical values of current dissipation are reference values.

Rev. 2.0, 02/03, page 664 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Table 21.13 DC Characteristics (2)

— Preliminary —

Conditions: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss = AVgs =0 V* T, =-20°C to +75°C (regular specifications), T, =—40°C to
+85°C (wide-range specifications), (T, = 0°C to +75°C during program/erase)
Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port A, Vi~ Veex0.2 — — \Y
trigger input P8, to P8, Vot _ _ Ve x07 V
voltages PB3 to PBg '
Vit = V1= Ve X —_ —_ Vv
0.05
Input high RES, STBY, Vin Veex0.9 — Vec+03 V
voltage NMI, MD; to
MDg
EXTAL Vee x0.7 — Vec+0.3 V
Port 7 Vee x0.7 — AVcc + \Y
0.3
Ports 110 6, 9, Vee x0.7 — Vec+0.3 V
P84, P83, PB7 to
PB4
Input low RES, STBY, Vi -0.3 — Vee x0.1 V
voltage MD; to MDgo
NMI, EXTAL, -0.3 — Veex0.2 V
ports 1t0 7, 9,
P84, P83, PB7 to
PB4
Output high  All output pins  Von Vec—05 — — \Y lon = =200 pA
voltage (Except RESO) Voc—1.0 — _ v lon = —1 MA
Output low  All output pins VoL — — 0.4 \Y lo=1.6 mA
voltage (Except RESO)
Ports 1, 2, 5, — — 1.0 \Y lo.=5mA
and B
RESO — — 0.4 lo = 1.6 mA
Input STBY, NMI, [lin] — — 1.0 MA  Vin=0.5to0
leakage RES, MD; to Vec—-0.5V
current MDg
Port 7 — — 1.0 MA  Vin=05to
AVcc—-0.5V
Three-state  Ports 1 to 6, [Irs1| — — 1.0 MA  Vihn=0.5t0
leakage 8toB Vec—-0.5V
current
(off state)
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Item Symbol Min Typ Max Unit Test Conditions

Input pull-up Ports 2, 4, —lp 10 — 300 MA V=0V
MQOS current and 5
Input NMI Cin — — 50 pF  Vn=0V
capacitance Ay input pins — — 15 pF  f=fmin

except NMI T.=25°C
Current Normal loc™ — 40 50 mA f=25MHz
dissipation’k2 operation

Sleep mode — 25 40 mA

Module standby — 15 20 mA

mode™

Standbsy — 1 10 MA T,<50°C

3k

mode — — 80 WA 50°C < T,
Analog During A/D Alcc — 0.5 15 mA  AVcc =33V
power conversion
S“pp'yt During A/D and _ 0.5 15 mA
curren D/A conversion

Idle — 0.01 5 MA  DASTE=0
Reference During A/D Alcc — 0.4 0.8 mA Vger=3.3V
current conversion

During A/D and — 1.5 3 mA

D/A conversion

Idle — 0.01 5 MA  DASTE=0
RAM standby voltage VRraAm 2.0 — — \%

Notes: *1 If the A/D and D/A converters are not used, do not leave the AVcc, AVss, and Vger pins
open. Connect AVcc and Vger to Vee, and connect AVss to Vss.

*2 Current dissipation values are for Viy min = Vcc — 0.5 V and V. max = 0.5 V with all
output pins unloaded and the on-chip pull-up transistors in the off state.

*3 The values are for Vram < Vec < 3.0V, Vig min = Ve x 0.9, and Vi max=0.3 V.
*4 Module standby current values apply in sleep mode with all modules halted.
*5 lcc depends on Vcc and f, according to the following expressions.
[Applicable operating frequency: 2 to 25 MHz]
lcc max. (normal operation) = 6.0 [mA] + 0.53 [MA/(MHz x V)] X Vcc % (f — 2)
lcc max. (sleep mode) = 4.0 [mA] + 0.43 [mA/(MHz x V)] x Ve x (f — 2)
Icc max. (sleep mode and module standby mode) = 3.0 [mA] + 0.20 [mA/(MHz x V)] x
Ve % (f—2)
The typical values of current dissipation are reference values.
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Table 21.14 Permissible Output Currents

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss =0V, T,=-20°C to +75°C (regular specifications), T, = —40°C to

+85°C (wide-range specifications)

Condition B: Ve =5.0V£10%, AVce=5.0 V +£10%, Vrgr =4.5 V to AV,

— Preliminary —

Vss=AVss =0V, T,=-20°C to +75°C (regular specifications), T, =—40°C to

+85°C (wide-range specifications)

Conditions A, B

Item Symbol Min Typ Max Unit
Permissible output Ports 1, 2, 5, and B loL — — 10 mA
low current (per pin) Other output pins — — 20 mA
Permissible output Total of 28 pins in 2loL — — 80 mA
low current (total) ports 1, 2, 5, and B
Total of all output pins, — — 120 mA
including the above
Permissible output All output pins loH — — 2.0 mA
high current (per pin)
Permissible output Total of all output pins >loH — — 40 mA

high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 21.14.

2. When driving a darlington pair or LED, always insert a current-limiting resistor in the

output line, as shown in figures 21.4 and 21.5.
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H8/3048B Series

Port

Darlington pair

Figure 21.4 Darlington Pair Drive Circuit (Example)

H8/3048B Series

Ports 1, 2, 5,
and B

LED

600Q

Figure 21.5 LED Drive Circuit (Example)
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21.2.3  AC Characteristics

Bus timing parameters are listed in table 21.15. Refresh controller bus timing parameters are listed
in table 21.16. Control signal timing parameters are listed in table 21.17. Timing parameters of the
on-chip supporting modules are listed in table 21.18.

Table 21.15 Bus Timing — Preliminary —

Condition A: Vec=3.0V1t03.6V,AVcc=3.0V1t03.6V, Vrgr=3.0Vto AVcc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =35.0V £10%, AVce=5.0 V£10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz Test

Item Symbol Min Max Min Max Unit Conditions
Clock cycle time teve 40 500 40 500 ns Figure 21.7
Clock pulse low width toL 10 — 10 — Figure 21.8
Clock pulse high width ton 10 — 10 —

Clock rise time ter — 10 — 10

Clock fall time ter — 10 — 10

Address delay time tap — 28 — 25

Address hold time tan 0.5teyc — 20 — 0.5tyc —20 —

Address strobe delay time  tasp — 25 — 25

Write strobe delay time twsp — 25 — 25

Strobe delay time tso — 25 — 25

Write data strobe pulse twsw1 1.0ty —25 — 1.0ty —25 —

width 1

Write data strobe pulse twsw2 1.5t c— 256 — 1.5t c— 256 —

width 2

Address setup time 1 tast 0.5t c—20 — 0.5t c—20 —

Address setup time 2 tas2 1.0ty —20 — 1.0ty —20 —

Read data setup time tros 15 — 15 —

Read data hold time troH 0 — 0 —
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Condition A Condition B
25 MHz 25 MHz Test

Item Symbol Min Max Min Max Unit Conditions
Write data delay time twop — 35 — 35 ns Figure 21.7
Write data setup time 1 twos1 1.0teyc — 30 — 1.0teyc — 30 — Figure 21.8
Write data setup time 2 twos2 0.5teyc — 30 — 0.5teyc — 30 —
Write data hold time twon 0.5t — 15 — 0.5t — 15 —
Read data access time 1 taccs — 1.5t c—40 — 1.5tcyc — 40
Read data access time 2 tacc2 — 2.5ty —40 — 2.5t — 40
Read data access time 3 taccs — 1.0t e —28 — 1.0tcyc — 28
Read data access time 4 taccs — 2.0ty —32 — 2.0teyc — 32
Precharge time tech 1.0ty —20 — 1.0ty —20 —
Wait setup time twrs 25 — 25 — ns Figure 21.9
Wait hold time twrh 5 — 5 —
Bus request setup time tsras 25 — 25 — ns Figure 21.21
Bus acknowledge delay teacD1 — 30 — 30
time 1
Bus acknowledge delay tsacD2 — 30 — 30
time 2
Bus-floating time tazp — 40 — 40
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Table 21.16 Refresh Controller Bus Timing

— Preliminary —

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B:

Vee=5.0V £10%, AVee =5.0 V £ 10%, Vrgr =4.5 V to AV,

Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz Test

Item Symbol Min Max Min Max Unit Conditions
RAS delay time 1*' trap1 — 20 — 18 ns  Figure 21.10
RAS delay time 2*' trapz — 20 — 18 th;gure D116
RAS delay time 3*" trapa — 20 — 18
Row address hold time tra 0.5tyc—5 — 0.5ty -5 —
RAS precharge time™’ tre 1.0ty — 15 — 1.0ty — 15 —
CAS to RAS precharge  tcre 1.0ty — 15 — 1.0ty — 15 —
time™*! *2
CAS pulse width™ teas 1.0teyc— 18 — 1.0ty — 18 —
RAS access time™" trac — 2.0tyc—35 — 2.0teyo — 35
Address access time taa — 1.5t c—40 — 1.5tcyc — 40
CAS access time™? teac — 1.0ty— 30 — 1.0tey— 30
Write data setup time 3 twoss 1.0t e — 25 — 1.0t e — 256 —
CAS setup time™ tesr 0.5tyyc— 15 — 0.5tyyc— 15 —
Read strobe delay time trsD — 25 — 25
Signal rise time (all input  tsr — 100 — 100 ns Figure 21.18
pins except EXTAL)
Signal fall time (all input tsr — 100 — 100

pins except EXTAL)

Notes: *1 The RAS pin is assigned to the CS3 pin.
*2 The CAS pin is assigned to the RD pin.

RENESAS
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Table 21.17 Control Signal Timing

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,

— Preliminary —

Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =35.0V £10%, AVce=5.0 V£10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz
Test
Item Symbol Min Max Min Max Unit  Conditions
RES setup time tress 200 — 200 — ns Figure 21.18
RES pulse width tRESW 20 — 20 — tovo
Mode programming setup time tvos 200 — 200 — ns
RESO output delay time tresp — 50 — 50 ns Figure 21.19
RESO output pulse width tresow 132 — 132 — teve
NMI setup time tnmis 150 — 150 — ns Figure 21.20
(NMI, IRQs to IRQo)
NMI hold time tamiH 10 — 10 —
(NMI, TRQs to TRQp)
Interrupt pulse width tviw 200 — 200 —
(NMI, TRQ: to TRQ,
when exiting software
standby mode)
Clock oscillator settling tosct 20 — 20 — ms Figure 21.22
time at reset (crystal)
Clock oscillator settling tosce 7 — 7 — ms Figure 20.1

time in software standby
(crystal)
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Table 21.18 Timing of On-Chip Supporting Modules — Preliminary —

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =5.0V £10%, AVce=5.0 V£10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B

25 MHz 25 MHz Test
Item Symbol  Min Max Min Max Unit Conditions
DMAC DREQ setup time toras 20 — 20 — ns Figure 21.30
DREQ hold time toram 10 — 10 —
TEND delay time 1 trent — 50 — 50 Figures 21.28
TEND delay time 2 treoe — 50 — 50 and 21.29
ITU Timer output delay time troco — 50 — 50 ns Figure 21.24
Timer input setup time trics 40 — 40 —
Timer clock input setup time  trcks 40 — 40 — Figure 21.25
Timer clock Single edge trokwh 1.5 — 1.5 — teve
pulse width Both edges trekwe 2.5 — 2.5 —
SCI Input clock  Asynchronous  tscvc 4 — 4 — teve Figure 21.26
cycle Synchronous tscve 6 — 6 —
Input clock rise time tsckr — 1.5 — 15
Input clock fall time tsckr — 1.5 — 1.5
Input clock pulse width tsckw 0.4 0.6 0.4 0.6 tscve
Transmit data delay time trxo — 100 — 100 ns Figure 21.27
Receive data setup time trxs 100 — 100 —
(synchronous)
Receive Clock input trxH 100 — 100 —
data hold
time (Syn- ook output trx 0 — 0 —
chronous)
Ports  Output data delay time tewp — 50 — 50 ns Figure 21.23
_?:fé Input data setup time trrs 50 — 50 —
Input data hold time terH 50 — 50 —
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H8/3048B Series

output pin ©

.

)
§RH

T

C =90 pF: ports 4, 5, 6,8, A (19 to 0),
D (15t0 8),

C =30 pF: ports 9, A, B, RESO

R, =24kQ
Ry =12kQ

Input/output timing measurement levels
* Low: 0.8V
» High: 2.0V

Figure 21.6 Output Load Circuit
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21.2.4  A/D Conversion Characteristics
Table 21.19 lists the A/D conversion characteristics.

Table 21.19 A/D Converter Characteristics — Preliminary —

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =35.0V £10%, AVce=5.0 V£10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz

Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bits
Conversion time (single mode) 5.36 — — 5.36 — — us
Analog input capacitance — — 20 — — 20 pF
Permissible ®< 13 MHz — — 10 — — 10 kQ
_signal-source ©> 13 MHz _ _ 5 — — 5
impedance
Nonlinearity error — — 3.5 — — +3.5 LSB
Offset error — — 3.5 — — +3.5 LSB
Full-scale error — — +3.5 — — +3.5 LSB
Quantization error — — 0.5 — — +0.5 LSB
Absolute accuracy — — 4.0 — — +4.0 LSB

Rev. 2.0, 02/03, page 675 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

21.2.5 D/A Conversion Characteristics
Table 21.20 lists the D/A conversion characteristics.

Table 21.20 D/A Converter Characteristics — Preliminary —

Condition A: VCC =3.0Vto3.6 V, AVCC =3.0Vto3.6 V, VREF =3.0Vto AVCc,
Vss=AVss=0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: Ve =35.0V £10%, AVce=5.0 V £10%, Vrgr=4.5 V to AV,
Vss=AVss =0V, =2 MHz to 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz

Item Min Typ Max Min Typ Max Unit Test Conditions

Resolution 8 8 8 8 8 8 Bits

Conversion time — — 10 — — 10 us 20-pF capacitive

(centering time) load

Absolute accuracy — +2.0 3.0 — +1.5 2.0 LSB 2-MQ resistive
load

— — 2.0 — — 1.5 LSB 4-MQ resistive

load

Rev. 2.0, 02/03, page 676 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

21.3  Operational Timing

This section shows timing diagrams.

21.3.1 Bus Timing
Bus timing is shown as follows:

* Basic bus cycle: two-state access

Figure 21.7 shows the timing of the external two-state access cycle.
¢ Basic bus cycle: three-state access

Figure 21.8 shows the timing of the external three-state access cycle.
¢ Basic bus cycle: three-state access with one wait state

Figure 21.9 shows the timing of the external three-state access cycle with one wait state
inserted.
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T4 Ty
_ teve |
ten toL
(-
—
® /]
ter ~ T~ lkr
cyc
. - tap (=
A23 to AO‘
@7 to EO >z §t<
B PCH
tasp,  taccs fsp |t
AS tAS‘] & --------------
tpcH
tas taccs sp | tan
RD
t
(read) ASt ;X N
tacct trps troH
- ol RDS_ RoH
D5 to Dy —
(read) NI
A tpch
taso fsp | tan
HWR, LWR
’ t
(write) AS1 ,‘ﬁ - N
- WSW1 _
| twos1 twor
twop ™
D45 to Dy
(write)

Figure 21.7 Basic Bus Cycle: Two-State Access
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2 3

D i U N e N N
A23 to AO X ><

B taccs |
AS \

B taccs -
RD (read) \

B tacco _|Ros
D15 to DO
(read)
fwsp twswa
-—————————————————————————————————— -

HWR, LWR t J
(write) A2

twos2
D15 to DO
(write)

Figure 21.8 Basic Bus Cycle: Three-State Access

Rev. 2.0, 02/03, page 679 of 860
RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

D15 to DO
(read)

HWR, LWR
(write)

D15 to DO

(write)
twrs| twrn twrs

4>‘ o —

[
WAIT

| \

Figure 21.9 Basic Bus Cycle: Three-State Access with One Wait State
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21.3.2  Refresh Controller Bus Timing
Refresh controller bus timing is shown as follows:

* DRAM bus timing
Figures 21.10 to 21.15 show the DRAM bus timing in each operating mode.
e PSRAM bus timing
Figures 21.16 and 21.17 show the pseudo-static RAM bus timing in each operating mode.

> T ol T2 -l Ts -
¢ _/ tap Sx_/ tan 5Jﬁ \M
Ag to A1 X
AS
t I e !
RAD1 DETN <RADe,=
CS, (RAS) = ﬁ R
tasp
e tSD
- tCAS et -
D (CAS) tast N A R R
HWR (UW)
LWR (LW) .
(read) - RAC >
tsp
HWR (UW) T e t T
, AA
LWR (LW) ———————\_ - teac
(write) -~ twon,
RFSH i
=RDS= — -] tRDH
D15t0 Do
(read)
twpss
D;s to Do $
(write)

Figure 21.10 DRAM Bus Timing (Read/Write): Three-State Access
— 2WE Mode —
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i I
¢ -/ : : >;/L—L/
Ag to A1
ftasp tsp
xs -
Jlesr traD3
CSs;(RAS) ) N A N
fasp | | tRaD2 tsp
RD (CAS)
HWR (UW)
LWR (LW)
traD2 tRaps, T
|-~
RFSH
tesr

Figure 21.11 DRAM Bus Timing (Refresh Cycle): Three-State Access

— 2WE Mode —
() ()
)
CS; (RAS) tesr N
el - (.
o tcsr
D (CAS) - ¥
RFSH \
(.

Figure 21.12 DRAM Bus Timing (Self-Refresh Mode)
— 2WE Mode —
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¢ / t v/ t >Jﬁ \M
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HWR (UCAS teas | ™
HWR (UCAS), taer N e
LWR (LCAS) - - e
RD (WE)
(read) B trac

t tsp

— - . ASD . AA . -
RD (WE) \ deag /] twoH
(write) — 15 N
RFSH "
RDS
- ™~ troH
D45 to Dy j
(read) 7
» twpss

D45 to Dy s \
(write) Z( ¥

Figure 21.13 DRAM Bus Timing (Read/Write): Three-State Access
— 2CAS Mode —
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X X
AS \
lesk traD3
TS, (RAS)
t !
'ASD RAD2 <tSD=
HWR (UCAS),
LWR (LCAS)
RD (WE)
trab2 tRaps T
[ [ E—
RFSH
tosr
Figure 21.14 DRAM Bus Timing (Refresh Cycle): Three-State Access
— 2CAS Mode —
() ()
o
CS; (RAS) tosr
<SRN ¢
HWR (UCAS), losr
LWR(LCAS) §
RFSH N

Figure 21.15 DRAM Bus Timing (Self-Refresh Mode)

— 2CAS Mode —
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¢ o _/K/L—\J‘_U
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AS
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| AP tRaDs
CS; 1. ke T
tast T
|| SD
RD (read) trsp
| et —— |
trDs troH
o |-
D45 to Do
(read) t
twsp tsp
HWR, LWR
(write) )
twos2
D15 to Do {
(write)
RFSH

Figure 21.16 PSRAM Bus Timing (Read/Write): Three-State Access

T4 Ty T3

R

;

A

CS; HWR
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e ——- [
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Figure 21.17 PSRAM Bus Timing (Refresh Cycle): Three-State Access
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21.3.3  Control Signal Timing
Control signal timing is shown as follows:

* Reset input timing
Figure 21.18 shows the reset input timing.
* Reset output timing
Figure 21.19 shows the reset output timing.
e Interrupt input timing
Figure 21.20 shows the input timing for NMI and IRQs to IRQ,.
* Bus-release mode timing

Figure 21.21 shows the bus-release mode timing.

:

tress trRess
((
- ))
RES / 5 (
tsr tsF
tmps tRESW

MD2 to MDO

Figure 21.18 Reset Input Timing

N NI SN N

tresD trResD
|-

trResow

Figure 21.19 Reset Output Timing”™

Note: * This is a function for models with on-chip mask ROM (H8/3048B, H8/3048, H8/3047,
HS8/3045, and H8/3044), PROM (H8/3048ZTAT), and on-chip flash memory with a dual
power supply (H8/3048F). The function does not exist in the product with on-chip flash
memory with a single power supply (H8/3048F-ONE).
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¢ MXM
tamis | [tmiH
-
NMI
tawis | [tnmiH
o~
IRQg
tamis

- J

IRQE: Edge-sensitive IRQ;
IRQ| : Level-sensitive IRQ; (i =0 to 5)
tamiw
NMI : %
IRQ;
i=0to2)

Figure 21.20 Interrupt Input Timing

taras —] tsras
BREQ " )
)]
teacp2

« > = tgaco1 el
BACK
Aysto A, (™ tszp tgzp —
R — )]
AS, RD, . 55

)]

HWR, LWR

Figure 21.21 Bus-Release Mode Timing
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21.34  Clock Timing
Clock timing is shown as follows:

* Oscillator settling timing

Figure 21.22 shows the oscillator settling timing.

o NN NN ——IIIN

v L

tosc1 N tosc1

3
m
(2]
|

Figure 21.22 Oscillator Settling Timing

21.3.5 TPC and I/O Port Timing

Figure 21.23 shows the TPC and I/O port timing.

Ty Ty T3

- .y~

¢ m
tprs tPrH

R e ot T e, B
Port 1 to B >4 L<
(read)

tewp

Port 1 to 6,
8toB

(write)

Figure 21.23 TPC and I/O Port Input/Output Timing
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21.3.6 ITU Timing
ITU timing is shown as follows:

e ITU input/output timing
Figure 21.24 shows the ITU input/output timing.
e ITU external clock input timing
Figure 21.25 shows the ITU external clock input timing.

¢ m/—\

trocp
Output
compare*1
trics
R S
Input
capture*2

Notes: *1 TIOCAO to TIOCA4, TIOCBO to TIOCB4, TOCXA4, TOCXB4
*2 TIOCAO to TIOCA4, TIOCBO to TIOCB4

Figure 21.24 ITU Input/Output Timing

treks
¢ M %\_44
treks
|-
TCLKA to )
TCLKD ( -
trokwe trekwh

Figure 21.25 ITU External Clock Input Timing
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21.3.7  SCI Input/Output Timing
SCI timing is shown as follows:

* SCI input clock timing
Figure 21.26 shows the SCK input clock timing.
¢ SCI input/output timing (synchronous mode)
Figure 21.27 shows the SCI input/output timing in synchronous mode.

tsckw

<tsexr tsckr

SCKO, SCK1

Figure 21.26 SCK Input Clock Timing

tScyc

trxp
TxDO, TxD1

(transmit

data)

RxDO0, RxD1 -

(receive
data) $ 2

Figure 21.27 SCI Input/Output Timing in Synchronous Mode
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21.3.8 DMAC Timing
DMAC timing is shown as follows.

«  DMAC TEND output timing for 2 state access

Figure 21.28 shows the DMAC TEND output timing for 2 state access.
«  DMAC TEND output timing for 3 state access

Figure 21.29 shows the DMAC TEND output timing for 3 state access.
+ DMAC DREQ input timing

Figure 21.30 shows DMAC DREQ input timing.

treD1 trep2

e S e
TEND J

Figure 21.29 DMAC TEND Output Timing for 3 State Access

]
toras | | toraH
| |l

DREQ

Figure 21.30 DMAC DREQ Input Timing
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Appendix A Instruction Set

Al Instruction List

Operand Notation

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EASs) Source operand

PC Program counter

SP Stack pointer

CCR Condition code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

S Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

ad Logical AND of the operands on both sides

ad Logical OR of the operands on both sides

ad Exclusive logical OR of the operands on both sides

- NOT (logical complement)

(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers

(RO to R7 and EO to E7).
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Condition Code Notation

Symbol Description
? Changed according to execution result
* Undetermined (no guaranteed value)
0 Cleared to 0
1 Setto 1
— Not affected by execution of the instruction
A Varies depending on conditions, described in notes
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Table A.1

Instruction Set

1. Data transfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States™’
+
) 8 ) & Condition Code
Mnemonic ® Operation |
T £9 |z _ |8
© c|W| o|® < c
g AR B
& % 2|90 e |[i[n[nz]v 2|2
MOV.B #xx:8, Rd B |#xx:8 —> Rd8 2 —|—|2%12 10 2
MOV.B Rs, Rd B |Rs8 — Rd8 2 —|—|2%(¢ |0 2
MOV.B @ERs, Rd B |@ERs — Rd8 2 —|—(T|%]|0 4
MOV.B @(d:16, ERs), Rd | B |@(d:16, ERs) - Rd8 —|—|%(T |0 6
MOV.B @(d:24, ERs), Rd | B |@(d:24, ERs) - Rd8 —|—|T|T |0 10
MOV.B @ERs+, Rd B |@ERs — Rd8, 2 —|—|T |0 6
ERs32+1 — ERs32
MOV.B @aa:8, Rd B |@aa:8 — Rd8 2 —|—|%1lT 0 4
MOV.B @aa:16, Rd B |@aa:16 - Rd8 —|—(T|%]|0 6
MOV.B @aa:24, Rd B |@aa:24 —> Rd8 —|—(T|%]|0 8
MOV.B Rs, @ERd B |Rs8 - @ERd 2 —|—(T|%]|0 4
MOV.B Rs, @(d:16, ERd) | B |Rs8 —> @(d:16, ERd) —|—]T|T |0 6
MOV.B Rs, @(d:24, ERd) | B |Rs8 — @(d:24, ERd) —|—]T|T |0 10
MOV.B Rs, @-ERd B |[ERd32-1 —» ERd32, 2 —|—|?|T |0 6
Rs8 - @ERd
MOV.B Rs, @aa:8 B |Rs8 - @aa:8 2 —|—|%|T |0 4
MOV.B Rs, @aa:16 B |Rs8 » @aa:16 —|—121]T |0 6
MOV.B Rs, @aa:24 B |Rs8 - @aa:24 —|—|%(T |0 8
MOV.W #xx:16, Rd W [#xx:16 — Rd16 4 ——(2|%]|0 4
MOV.W Rs, Rd W [Rs16 — Rd16 2 —|—|%[T |0 2
MOV.W @ERs, Rd W |@ERs — Rd16 2 —|—(T|%]|0 4
MOV.W @(d:16, ERs), Rd | W |@(d:16, ERs) —» Rd16 —|—]T|T |0 6
MOV.W @(d:24, ERs), Rd | W |@(d:24, ERs) —» Rd16 8 —|—|%|T |0 10
MOV.W @ERs+, Rd W | @ERs — Rd16, 2 —|—]T|T |0 6
ERs32+2 — @ERd32
MOV.W @aa:16, Rd W |@aa:16 — Rd16 —|—|2|¢ |0 6
MOV.W @aa:24, Rd W |@aa:24 — Rd16 —|—|%(¢ |0 8
MOV.W Rs, @ERd W [Rs16 - @ERd 2 —|—|%[T |0 4
MOV.W Rs, @(d:16, ERd) | W |Rs16 — @(d:16, ERd) —|—|?|T |0 6
MOV.W Rs, @(d:24, ERd) | W |Rs16 — @(d:24, ERd) —|—]T|T |0 10
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Addressing Mode and

No. of

Instruction Length (bytes) States”
+
) 8 ) & Condition Code
Mnemonic ® Operation |
T £9 |z _ |8
] c|W| g o|m © c
2 x o |E2% 82@ I
& % 298 eesd e |l vic|2 |2
MOV.W Rs, @-ERd W |[ERd32-2 — ERd32, 2 —|— 0 6
Rs16 - @ERd
MOV.W Rs, @aa:16 W |Rs16 —> @aa:16 —|—(T|%]|0 6
MOV.W Rs, @aa:24 W [Rs16 — @aa:24 6 —|—|%[T |0 8
MOV.L #xx:32, Rd L |#xx:32 — Rd32 6 —|—|2%1T 0 6
MOV.L ERs, ERd L |ERs32 - ERd32 2 —|—I2|¢ |0 2
MOV.L @ERs, ERd L |@ERs —» ERd32 4 —|—|%|T |0 8
MOV.L @(d:16, ERs), ERd | L |@(d:16, ERs) — ERd32 —|—|%(T |0 10
MOV.L @(d:24, ERs), ERd | L |@(d:24, ERs) — ERd32 10 —|—|?|T |0 14
MOV.L @ERs+, ERd L |@ERs — ERd32, 4 —|—|%|T |0 10
ERs32+4 — ERs32
MOV.L @aa:16, ERd L |@aa:16 — ERd32 —|—|%[T |0 10
MOV.L @aa:24, ERd L |@aa:24 — ERd32 —|—]T|T |0 12
MOV.L ERs, @ERd L |ERs32 > @ERd 4 —|—]T|T |0 8
MOV.L ERs, @(d:16, ERd) | L |ERs32 — @(d:16, ERd) —|—|%|T |0 10
MOV.L ERs, @(d:24, ERd) | L |ERs32 — @(d:24, ERd) 10 —|—|%|T |0 14
MOV.L ERs, @-ERd L |ERd32 4 — ERd32, 4 —|—|%(C |0 10
ERs32 - @ERd
MOV.L ERs, @aa:16 L |ERs32 - @aa:16 ——| 0 10
MOV.L ERs, @aa:24 L |ERs32 > @aa:24 —|—[3(? 12
POP.W Rn W |@SP — Rn16, —|—|?? 6
SP+2 > SP
POP.L ERn L |@SP - ERn32, —|—]T|T |0 10
SP+4 — SP
PUSH.W Rn W |SP-2 — SP, —|—|%(T |0 6
Rn16 - @SP
PUSH.L ERn L |SP—4 — SP, —|—|T |0 10
ERn32 > @SP
MOVFPE @aa:16, Rd B [Cannot be used in Cannot be used in
the H8/3048B Series 4 the H8/3048B Series
MOVTPE Rs, @aa:16 B |Cannot be used in Cannot be used in
the H8/3048B Series 4 the H8/3048B Series
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2. Arithmetic instructions

Addressing Mode and No. of
Instruction Length (bytes) States"
+
. 8 . é Condition Code
Mnemonic * Operation | -
° £9 |s - |8
g glulEl %8 g5
2 x w | T|s2 5|3
) S AICICIEREICIR nz[v]c|2 |2
ADD.B #xx:8, Rd B |Rd8+#xx:8 —> Rd8 2 AR 2
ADD.B Rs, Rd B |Rd8+Rs8 — Rd8 2 T[T 2
ADD.W #xx:16, Rd W [Rd16+#xx:16 — Rd16 4 MmTItiT|e 4
ADD.W Rs, Rd W [Rd16+Rs16 — Rd16 2 MmTIT{T|? 2
ADD.L #xx:32, ERd L |ERd32+#xx:32 — 6 @It 2 6
ERd32
ADD.L ERs, ERd L |[ERd32+ERs32 — 2 @]t 2
ERd32
ADDX.B #xx:8, Rd B |Rd8+#xx:8 +C — Rd8 2 T1T13)(T |2 2
ADDX.B Rs, Rd B |Rd8+Rs8 +C — Rd8 2 T121®|T|? 2
ADDS.L #1, ERd L |ERd32+1 — ERd32 2 —|—|—=|=|—] 2
ADDS.L #2, ERd L |ERd32+2 — ERd32 2 —|—|—|=—] 2
ADDS.L #4, ERd L |ERd32+4 — ERd32 2 —|—|—=|=—] 2
INC.BRd B |Rd8+1 — Rd8 2 —1sItls|—| 2
INC.W #1, Rd W [Rd16+1 - Rd16 2 —1sIsls|—] 2
INC.W #2, Rd W [Rd16+2 - Rd16 2 —1T|T|T|—| 2
INC.L #1, ERd L |ERd32+1 — ERd32 2 —12|s||—| 2
INC.L #2, ERd L |ERd32+2 — ERd32 2 —12Is||—] 2
DAA Rd B |Rd8 decimal adjust 2 * N3 |— 2
— Rd8
SUB.BRs, Rd B |Rd8-Rs8 —» Rd8 2 o N R BN > 2
SUB.W #xx:16, Rd W |Rd16-#xx:16 — Rd16 4 MmTItiTe 4
SUB.W Rs, Rd W |Rd16-Rs16 — Rd16 2 MmTItiTe 2
SUB.L #xx:32, ERd L |ERd32-#xx:32 — ERd32 | 6 @11t 2 6
SUB.L ERs, ERd L |ERd32-ERs32 —» ERd32 2 @[Tt 2 2
SUBX.B #xx:8, Rd B |Rd8-#xx:8-C —> Rd8 2 T3t |2 2
SUBX.B Rs, Rd B |Rd8-Rs8-C — Rd8 2 12132 2
SUBS.L #1, ERd L |ERd32-1 — ERd32 2 —|—|—=|=|—] 2
SUBS.L #2, ERd L |ERd32-2 — ERd32 2 —|—|—=|=|—] 2
SUBS.L #4, ERd L |ERd32-4 — ERd32 2 —|—|—=|=|—] 2
DEC.BRd B |Rd8-1 — Rd8 2 —T|T|T|—| 2
DEC.W #1, Rd W |Rd16-1 — Rd16 2 —12|s|T|—| 2
DEC.W #2, Rd W |Rd16-2 — Rd16 2 —1sItls|—| 2
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Addressing Mode and No. of
Instruction Length (bytes) States"’
+
8 é Condition Code
Mnemonic ® Operation |
c|® —~ 3
2 | = o -8
© c|W| o|w® [] c
@ C 5ille|lg|S E| ¢S
% TR R RCAKC)] °
o ¥l < o | T
o % Q000 0Qe HIN|[Z|V|c|Z|<
DEC.L #1, ERd L |ERd32-1 — ERd32 2 —1212|%|— 2
DEC.L #2, ERd L |ERd32-2 — ERd32 2 —1212|%|— 2
DAS.Rd B |Rd8 decimal adjust 2 * 1T *|— 2
— Rd8
MULXU. B Rs, Rd B |Rd8 x Rs8 — Rd16 2 ——|—|—|— 14
(unsigned multiplication)
MULXU. W Rs, ERd W |Rd16 x Rs16 — ERd32 2 — = === 22
(unsigned multiplication)
MULXS. B Rs, Rd B |Rd8 x Rs8 — Rd16 4 —|3 13 |—|— 16
(signed multiplication)
MULXS. W Rs, ERd W |Rd16 x Rs16 — ERd32 4 —1 2% |—|— 24
(signed multiplication)
DIVXU. B Rs, Rd B |Rd16 + Rs8 — Rd16 2 —((®)|(7)|—|— 14
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd W |ERd32 + Rs16 — ERd32 2 —(®)|(7)|—|— 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS. B Rs, Rd B |Rd16 + Rs8 — Rd16 4 —(®)|(7)|—|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd W |ERd32 + Rs16 — ERd32 4 — (@) |7 —|— 24
(Ed: remainder,
Rd: quotient)
(signed division)
CMP.B #xx:8, Rd B |Rd8—#xx:8 2 O BON BOR ORI 2
CMP.BRs, Rd B |Rd8-Rs8 2 T |Te 2
CMP.W #xx:16, Rd W |Rd16-#xx:16 4 MTITIT|T 4
CMP.W Rs, Rd W |Rd16-Rs16 2 MmTITIT|T 2
CMP.L #xx:32, ERd L |ERd32-#xx:32 6 @|T(T(T|?T 4
CMP.L ERs, ERd L |ERd32-ERs32 2 @|T(T(T|? 2
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Addressing Mode and No. of
Instruction Length (bytes) States™’
+
ﬁ n:: Condition Code
Mnemonic bt Operation w
= °
k-] C) S @
c x| = o = |0
s s|Wie| |28 £ &
@ x ﬁ T|W ST | >
o % | £ = = o T
o # 2|® QOO I|I|u|N|z|v|ic|Zz|<
NEG.B Rd B |0 Rd8 — Rd8 2 —(TT|T|T |2 2
NEG.W Rd W |0 Rd16 — Rd16 2 —1212/2|2|2 2
NEG.L ERd L |0 ERd32 — ERd32 2 —1212/2|2|2 2
EXTU.W Rd W |0 —> (<bits 15 to 8> 2 —|—l0|3|0|— 2
of Rd16)
EXTU.L ERd L |0 — (<bits 31 to 16> 2 —|—]0|T |0 |— 2
of ERd32)
EXTS.W Rd W |(<bit 7> of Rd16) — 2 —|—|%|%|0|— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L |(<bit 15> of ERd32) — 2 —|—[2|T|0|— 2
(<bits 31 to 16> of
ERd32)
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3. Logic instructions

Addressing Mode and No. of
Instruction Length (bytes) States™’
+
e é Condition Code
Mnemonic * Operation |

- c|©® —~ 3

[ O - o

% c|W| [« ] © c

5 Clsiulel gl E| S

g ¥lelW21|s8 2@ 5|3

o %@ 00000 HIN|Z|V z| <
AND.B #xx:8, Rd B |Rd8A#xx:8 — Rd8 2 —|%1%]0 2
AND.B Rs, Rd B |Rd8ARs8 — Rd8 2 —|%|% |0 2
AND.W #xx:16, Rd W |Rd16A#xx:16 — Rd16 4 —|%|%1|0 4
AND.W Rs, Rd W |Rd16ARs16 — Rd16 2 —|Z|% 1|0 2
AND.L #xx:32, ERd L |ERd32A#xx:32 — ERd32 | 6 —(%|¢]o0 6
AND.L ERs, ERd L |ERd32AERs32 — ERd32 4 —|%|% 1|0 4
OR.B #xx:8, Rd B |Rd8v#xx:8 — Rd8 2 —|%|%]|0 2
OR.B Rs, Rd B |Rd8vRs8 — Rd8 2 —|%1%]0 2
OR.W #xx:16, Rd W |Rd16v#xx:16 — Rd16 4 —|%|%]0 4
OR.W Rs, Rd W |Rd16vRs16 — Rd16 2 —|%|% 1|0 2
OR.L #xx:32, ERd L |ERd32v#xx:32 — ERd32 | 6 —|%|%1|0 6
OR.L ERs, ERd L |ERd32vERs32 — ERd32 4 —|%1|%1|0 4
XOR.B #xx:8, Rd B |Rd8®#xx:8 — Rd8 2 —|%|% 1|0 2
XOR.B Rs, Rd B |Rd8®Rs8 — Rd8 2 —|%|% |0 2
XOR.W #xx:16, Rd W |Rd16®#xx:16 — Rd16 4 —|%1%]0 4
XOR.W Rs, Rd W |[Rd16®Rs16 — Rd16 2 —|%|%]|o0 2
XOR.L #xx:32, ERd L |ERd32®#xx:32 — ERd32 | 6 —|%|% 1|0 6
XOR.L ERs, ERd L |ERd32@®ERs32 — ERd32 4 —|%|% 1|0 4
NOT.B Rd B |-~ Rd8 — Rd8 2 —|%1|%1|0 2
NOT.W Rd W |- Rd16 — Rd16 2 —|%|% |0 2
NOT.L ERd L |- Rd32 - Rd32 2 —|%|% |0 2
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4. Shift instructions

Addressing Mode and No. of
Instruction Length (bytes) States"’
+
3 é Condition Code
Mnemonic * Operation |
- c|©® —~ kA
c X | = () — Q
© c|W| o g g g
@ x AR AL ARATS) £
- lelW | 1|8 = S| ©
o £ 2|® QOO ||1|H|IN|z|v|c|Z]|<
SHAL.B Rd B 2 —|—%(T(T|? 2
o
SHAL.W Rd w 2 —|—3(T(T|? 2
SHAL.L ERd L MsB LsB 2 —|—12|T|T 2 2
SHAR.B Rd B 2 —|—I2(t o] 2
]
SHAR.W Rd w| [ 2 =220z 2
SHAR.L ERd L| MsB LSB 2 —|—||s |02 2
SHLL.B Rd B 2 —|—I2/2l0]2 2
o
SHLL.W Rd w 2 —|—I2|2 |02 2
SHLL.L ERd L| MsB LsB 2 —|—[2 |02 2
SHLR.B Rd B 2 —|—I2lz /o]t 2
SHLR.W Rd wl© _ 2 —|—]T|T]0T 2
SHLR.L ERd L MsSB LsB 2 —|—[T|T]0T 2
ROTXL.B Rd B 2 —|—I2(t o2 2
ROTXLW R W 2 e[t 0[] 2
ROTXL.L ERd L MSB = LSB 2 —|—12/2l0]2 2
ROTXR.B Rd B 2 —|—I2|2l0]2 2
ROTXRW Rd W 2 e[t o]e] 2
ROTXR.L ERd L| MSB——LsSB 2 —|—[212]0|2 2
ROTL.B Rd B 2 —|—I2(t o]t 2
ROTL.W Rd W ;. 2 —|—[%|T |02 2
ROTL.L ERd L MSB =— LSB 2 —|—]T|T]0T 2
ROTR.B Rd B _ I 2 —|—]T|T]0|T 2
Cl
ROTR.W Rd w| [L——— 2 —|—[% |02 2
ROTR.L ERd L| MSB——LsSB 2 —|—I%(¢ o2 2
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5. Bit manipulation instructions

Addressing Mode and No. of
Instruction Length (bytes) States™"
+
) g ) & Condition Code
Mnemonic b Operation | -
2 52 |5 < |3
g gluie %8 g5
3 % w2 T 82 513
S £|£|0/9|0|0 80 win[z[v]c| 2|2
BSET #xx:3, Rd B | (#xx:3 of Rd8) « 1 2 — === 2
BSET #xx:3, @ERd | B |(#xx:3 of @ERd) « 1 4 ——|—|— 8
BSET #xx:3, @aa:8 | B |(#xx:3 of @aa:8) « 1 4 — === 8
BSET Rn, Rd B |(Rn8 of Rd8) « 1 2 — === 2
BSET Rn, @ERd B |(Rn8 of @ERd) « 1 4 ——|—|— 8
BSET Rn, @aa:8 B |(Rn8 of @aa:8) «— 1 4 — === 8
BCLR #xx:3, Rd B | (#xx:3 of Rd8) «- 0 2 —|—|—|— 2
BCLR #xx:3, @ERd | B |(#xx:3 of @ERd) «- 0 4 ——|—|— 8
BCLR #xx:3, @aa:8 | B |(#xx:3 of @aa:8) «- 0 4 ——|—|— 8
BCLR Rn, Rd B |(Rn8 of Rd8) « 0 2 —|—|—|— 2
BCLR Rn, @ERd B |(Rn8 of @ERd) « 0 4 ——|—|— 8
BCLR Rn, @aa:8 B |(Rn8 of @aa:8) < 0 4 ——|—]— 8
BNOT #xx:3, Rd B | (#xx:3 of Rd8) « 2 — === 2
— (#xx:3 of Rd8)
BNOT #xx:3, @ERd | B |(#xx:3 of @ERd) « 4 ——|—|— 8
— (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 | B |(#xx:3 of @aa:8) « 4 — == 8
— (#xx:3 of @aa:8)
BNOT Rn, Rd B |(Rn8 of Rd8) « 2 —|—|—|— 2
— (Rn8 of Rd8)
BNOT Rn, @ERd B |(Rn8 of @ERd) « 4 ——|—|— 8
— (Rn8 of @ERd)
BNOT Rn, @aa:8 B |(Rn8 of @aa:8) « 4 — | —|—]— 8
— (Rn8 of @aa:8)
BTST #xx:3, Rd B |- (#xx:3 of Rd8) » Z 2 — (=T |— 2
BTST #xx:3, @ERd | B |- (#xx:3 of @ERd) - Z 4 —|—7 |— 6
BTST #xx:3, @aa:8 | B |- (#xx:3 of @aa:8) > Z 4 —|—| 2 |— 6
BTST Rn, Rd B |- (Rn8 of @Rd8) » Z 2 ——3 |— 2
BTST Rn, @ERd B |- (Rn8 of @ERd) » Z 4 ——T|— 6
BTST Rn, @aa:8 B |- (Rn8 of @aa:8) » Z 4 —|—T|— 6
BLD #xx:3, Rd B |(#xx:3 of Rd8) - C 2 —|—|—|— 2
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Addressing Mode and

No. of

Instruction Length (bytes) States™’
+
. 8 . é Condition Code
Mnemonic b Operation |y

T £9 |s _| 3

o c|W| o|m [} c

g AP AR £ 2

S £|¢|9/900 8o winl[z[v[c| 2|2
BLD #xx:3, @ERd B | (#xx:3 of @ERd) —» C 4 ———|—]7 6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) » C 4 ————12 6
BILD #xx:3, Rd B |- (#xx:3 of Rd8) - C 2 —|—|—]—7 2
BILD #xx:3, @ERd B |- (#xx:3 of @ERd) - C 4 —|—|—=]—7 6
BILD #xx:3, @aa:8 B |- (#xx:3 of @aa:8) > C 4 —|——|—]7 6
BST #xx:3, Rd B |C — (#xx:3 of Rd8) 2 —|—|—|—|— 2
BST #xx:3, @ERd B |C — (#xx:3 of @ERd24) 4 — === 8
BST #xx:3, @aa:8 B |C — (#xx:3 of @aa:8) 4 — | —]—|— 8
BIST #xx:3, Rd B |- C — (#xx:3 of Rd8) 2 — = === 2
BIST #xx:3, @ERd B |- C — (#xx:3 of @ERd24) 4 ——|—|—]— 8
BIST #xx:3, @aa:8 B |- C — (#xx:3 of @aa:8) 4 — === 8
BAND #xx:3, Rd B |CA(#xx:3 of Rd8) —» C 2 —|——|—17 2
BAND #xx:3, @ERd | B |CA(#xx:3 of @ERd24) — C 4 —|—|—]—7 6
BAND #xx:3, @aa:8 | B |CA(#xx:3 of @aa:8) - C 4 —|—|—=]—7 6
BIAND #xx:3, Rd B |CA — (#xx:3 of Rd8) » C 2 —|—|——17Z 2
BIAND #xx:3, @ERd | B |CA — (#xx:3 of @ERd24) - C 4 —|—|—|—7 6
BIAND #xx:3, @aa:8 | B |CA — (#xx:3 of @aa:8) > C 4 —|——|—7 6
BOR #xx:3, Rd B |Cv(#xx:3 of Rd8) - C 2 ———|—17 2
BOR #xx:3, @ERd B |Cv(#xx:3 of @ERd24) —» C 4 —|——]—7 6
BOR #xx:3, @aa:8 B |Cv(#xx:3 of @aa:8) » C 4 ———|—17 6
BIOR #xx:3, Rd B |Cv — (#xx:3 of Rd8) —» C 2 ———|—]7 2
BIOR #xx:3, @ERd | B |Cv — (#xx:3 of @ERd24) — C 4 —|——|—]7 6
BIOR #xx:3, @aa:8 | B |Cv — (#xx:3 of @aa:8) » C 4 —|—|—=]—7 6
BXOR #xx:3, Rd B |C®(#xx:3 of Rd8) - C 2 —|—|—|—Z 2
BXOR #xx:3, @ERd | B |C®(#xx:3 of @ERd24) - C 4 —|—|—]—7 6
BXOR #xx:3, @aa:8 | B |[CO(#xx:3 of @aa:8) > C 4 —|—|—|—7 6
BIXOR #xx:3, Rd B |C® — (#xx:3 of Rd8) - C 2 — | ——|—]7 2
BIXOR #xx:3, @ERd | B |C® — (#xx:3 of @ERd24) - C 4 —|—|—]—7 6
BIXOR #xx:3, @aa:8 | B |C® — (#xx:3 of @aa:8) » C 4 —|—|—]—12 6
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6. Branching instructions

Addressing Mode and No. of
Instruction Length (bytes) States"
+
8 & Condition Code
Mnemonic * Operation |

] c|® —~ ]

c x| = [ - | o

®© c|W| o|lw® © c

o B lgluw| e g d E|S

2 ranch glelWB 1|82 @ 513

o Condition |# |2 |®|® @@ @@ ||1|H|N|z|lv|c|z|<
BRA d:8 (BT d:8) If condition | Always 2 — | —|—|—|—]— 4
BRA d:16 (BT d:16) is true then 4 R DO I 6
BRN d:8 (BF d:8) PC « PC+d/ever 2 ——====]

else next;

BRN d:16 (BF d:16) 4 === 6
BHI d:8 Cvz=0 2 — == |—|—=|— 4
BHI d:16 4 === 6
BLS d:8 Cvz=1 2 — === 4
BLS d:16 4 === 6
BCC d:8 (BHS d:8) Cc=0 2 === 4
BCC d:16 (BHS d:16) 4 === 6
BCS d:8 (BLO d:8) c=1 2 — === 4
BCS d:16 (BLO d:16) 4 JEN DR DU PR PR 6
BNE d:8 Z=0 2 RN DR U U N — 4
BNE d:16 4 === 6
BEQ d:8 zZ=1 2 — === 4
BEQ d:16 4 === 6
BVC d:8 V=0 2 — === 4
BVC d:16 4 === 6
BVS d:8 V=1 2 — === 4
BVS d:16 4 === 6
BPL d:8 N=0 2 — == === 4
BPL d:16 4 — === 6
BMI d:8 N=1 2 RN DR U U N — 4
BMI d:16 4 === 6
BGE d:8 Nev =0 2 — == |—|—=]— 4
BGE d:16 4 === 6
BLT d:8 NevV =1 2 — === 4
BLT d:16 4 === 6
BGT d:8 Zv (NeVv)=0 2 — === 4
BGT d:16 4 === 6
BLE d:8 Zv (NeVv) =1 2 ——|—|—|—]— 4
BLE d:16 4 — === 6

Rev. 2.0, 02/03, page 704 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Addressing Mode and

No. of

Instruction Length (bytes) States™’
+
2 n:: Condition Code
Mnemonic b Operation |
] c|® Py ]
c [ [ - | o
s s|lule |2g -
o x AR AL ARATS) £ >
Qo X | £ = = o T
o % @000 Q0 HIN|Z|V zZ| <
JMP @ERn PC < ERn 2 —|—|—|— 4
JMP @aa:24 PC « aa:24 4 — ===
JMP @@aa:8 PC « @aa:8 2 ——|—]— 8 | 10
BSR d:8 PC - @-SP 2 — == 6
PC « PC+d:8
BSR d:16 PC -> @-SP 4 —|—|—|— 8 |10
PC « PC+d:16
JSR @ERn PC - @-SP 2 ——|—|— 6 | 8
PC < @ERn
JSR @aa:24 PC - @-SP 4 —|—|—|— 8 |10
PC « @aa:24
JSR @@aa:8 PC - @-SP 2 — === 8 |12
PC « @aa:8
RTS PC « @SP+ e el el 8 |10

RENESAS
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7. System control instructions

Addressing Mode and No. of
Instruction Length (bytes) States™
+
. e . é Condition Code
Mnemonic * Operation |
2 2 |5 < |3
© c|W| g -} |
5 x| |E|2|4 53|0 £ 2
o %@ 00000 I|HIN|zZ|Vv|c|2Z|<
TRAPA #x:2 —|PC > @-SP, 1| —|—|—|—|—]| 14 | 16
CCR - @-SP,
<vector> —» PC
RTE —|cCcR « @sP+, sieis(s]sls] 10
PC < @SP+
SLEEP — | Transition to power- —|—|—|—|—|— 2
down state
LDC #xx:8, CCR B |#xx:8 > CCR 2 21212121212 2
LDC Rs, CCR B [Rs8 - CCR 2 Tt ? 2
LDC @ERs, CCR W |@ERs — CCR 4 Tt ? 6
LDC @(d:16, ERs), CCR |W |@(d:16, ERs) - CCR 6 AR 8
LDC @(d:24, ERs), CCR |W |@(d:24, ERs) - CCR 10 T 12
LDC @ERs+, CCR W |@ERs — CCR, 4 TITITITIT|T 8
ERs32+2 — ERs32
LDC @aa:16, CCR W |@aa:16 — CCR ORI IO OB ORI IO 8
LDC @aa:24, CCR W |@aa:24 - CCR 21212121212 10
STC CCR, Rd B |CCR — Rd8 2 N R R R R
STC CCR, @ERd W |CCR — @ERd 4 —|—|=]=]—=]—] s
STC CCR, @(d:16, ERd) | W |CCR — @(d:16, ERd) 6 —|—|—=]=]—=]—] 8
STC CCR, @(d:24, ERd) |W [CCR — @(d:24, ERd) 10 — === =|=| 12
STC CCR, @ ERd W |ERd32-2 —» ERd32, 4 | —|—=]—] 8
CCR - @ERd
STC CCR, @aa:16 W |CCR —» @aa:16 ——|—|—|—|— 8
STC CCR, @aa:24 W |CCR - @aa:24 ——|—]——|— 10
ANDC #xx:8, CCR B |CCRA#xx:8 —» CCR 21212121212 2
ORC #xx:8, CCR B |CCRv#xx:8 - CCR 21212121212 2
XORC #xx:8, CCR B |CCR®#xx:8 -» CCR O BOR BONBORBOR 2
NOP —|PC « PC+2 —|—|—|—|—]— 2
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8. Block transfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States™’
+
g‘b é Condition Code
Mnemonic bt Operation |
o c|® —~ ]
c x| = [ - | o
®© c|W| [« ] © c
3 lguslg|@ E| s
g ¥leluw/2 1|82 0© S|
o # 2|® QOO ® I|iI|u|N|z|v|ic|Zz|<
EEPMOV. B — |if R4L # 0 then 4 | —|—|—|—|—|—]| 8+
repeat @R5 — @R6 4n"?
R5+1 - R5
R6+1 —> R6
R4L-1 — R4L
until R4L=0
else next
EEPMOV. W — |if R4 # 0 then 4 | —|—|—|—|—|—| 8+
repeat @R5 - @R6 4n*?
R5+1 - R5
R6+1 — R6
R4-1 — R4
until R4=0
else next
Notes: *1 The number of states is the number of states required for execution when the

*2
(1M
)
©)
4)
®)

(6)
()
8)

instruction and its operands are located in on-chip memory. For other cases see
section A.3, Number of States Required for Execution.

n is the value set in register R4L or R4.

Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

Retains its previous value when the result is zero; otherwise cleared to 0.

Set to 1 when the adjustment produces a carry; otherwise retains its previous value.

The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

Set to 1 when the divisor is negative; otherwise cleared to 0.
Set to 1 when the divisor is zero; otherwise cleared to 0.
Set to 1 when the quotient is negative; otherwise cleared to 0.
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Operation Code Map

A2

Table A.2 Operation Code Map

NOW

anv 3
HOX a
o) 2
Xans g
dWo v
xaav 6
aav 8
dig_~|aNvig_~doxig_~|doid
N.<m_vnﬁ AOWd33 N.<AM_VQS N.<m_vnﬁ AOW g | vl Soxal ~ uos L
= 1slg | ¥108 | LoNg | L3ss
AOW anvy | ¥ox Nle) 9
1s8
usr uss dmr N.<m_v% || vavadl | an yse SI¥ | NXAIQ | NXINW | NXAI | NXINW g
318 198 119 308 Ing 1dg sng ond | oag | ana sog | 008 s1g IHE Nug vug v
€
g'AON
z
(@ (2 (@ (@) . . . (@ (2 (@ (@
zvoeiger| X8NS dno v elqeL |z-v elqeL ans zvoige | ANV | 8HOX | 8O oy qqe) [o-y aiqel [c-v sigeL [cv oier| ¢
(@) (2 (@ @)
2y oqey | Xaa¥ AOW v el | 2y el aav o007 | OaNV | OdOX | o¥o | od1 OIS |, Sigey| <ON 0
4 3 a 2 g v 6 8 L 9 S v £ z 0 0 v
v
“I ST H JO 11q 1uediyTugIs JSOU USYM UOTIONISU]
14 [HE | TV |HV
‘0 ST H JO 11q 1uediyTugIs JSOUI USYM UOTIONISU] 014q puz | @14q1S] | :9poo uononmsuy
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anNv dOX d0 ans dNO aav NOW A/
anNv dOX d0 ans dNO aav AOW 6L
319 199 179 399 INg 149 SAg ong 03d aNg [Syelc] 004 s1g Hg Nyg vdg 89
dNO Ssva El
03a O3da sdns 03da 03d sSans al
ans o3a Vi
S1X3 S1X3 93N O3N nix3 nix3 1ON 1ON Ll
d10yd ¥10d dX1oyd dXx10oyd €l
110yd 110Y IX10Y IX10d Zl
dVYHS HVHS HTHS HTHS L
IVHS AVHS TIHS 1IHS ol
AOW vva 40
ONI ONI saav ONI ONI saav a0
aav ONI YO0
N.<m_vgm . N.<m_vnm . N.<m_vgm . d3318 015/0a7 AOW 10
El 3 a o] <] A 6 8 L 9 S 14 € 4 I 0 Im_._< v
14 |HA |1V |HV
9Aq pug | MAqIST | :9pod uononnsuy
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‘plol} SSBIPPE BIN|0SGE BY) S| BB Zs
‘play uoneubisap JajsiBal 8y} SId |, SOJON

1049 1ONg 13s9 IAVALEVA
1sia
1049 1ONg 13s9 z.9eed/
1sg
ag anvig HOXIg dold
1s19 z.LB83L
aig aNve d0Xd p[e):]
1s19 z.9ee3ds
109 1ONg 13s9 120402
1sig
109 1ONg 1389 190402
1sd9
aa anvig H0OXIg dold
1s19 120402
aig aNve d0Xd p[e):]
1s19 190402
anv HOX ¥0 90410
SXAIQ SXAIQ soalo
SXTNN SXTNW S00l0
ol1s ol1s o1s ol1s
oan oan oan oan 90710
HO1g
HETV
E a g 6 L 9 g ¥ € z b 0 HY
10
‘1 ST HQ JO 31q Juediy1ugIs JSOUW UdYM UOTJONIISU]
1d [HA | 1O [HD | 19 |HE | TV |HV
‘0 ST H{ JO 31q 3ued1jTugIs JSOUI UdymM UOTIONISU] 914q Yy | 91hq pig | 914q pug | 214q S| | :9p0Od UOnINLSU]
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A3 Number of States Required for Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the H8/300H CPU. Table A.4 indicates the number of instruction fetch, data
read/write, and other cycles occurring in each instruction. Table A.3 indicates the number of states
required per cycle according to the bus size. The number of states required for execution of an
instruction can be calculated from these two tables as follows:

Number of states =1 X S;+J x S; + K X Sg + L xS + M x Sy + N x Sy
Examples of Calculation of Number of States Required for Execution

Examples: Advanced mode, stack located in external address space, on-chip supporting modules
accessed with 8-bit bus width, external devices accessed in three states with one wait state and
16-bit bus width.

BSET #0, @FFFFC7:8

Fromtable A4, I=L=2andJ=K=M=N=0
From table A.3, S;=4 and Sy =3
Number of states=2 x4 +2 x3 =14

JSR @@30

Fromtable A4, I=J=K=2andL=M=N=0
From table A.3, S;=S;=Sk =4
Number of states =2 X4 +2 x4 +2 x4 =24
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Table A.3 Number of States per Cycle

Access Conditions

On-Chip External Device
Supporting
Module 8-Bit Bus 16-Bit Bus
On-Chip 8-Bit 16-Bit 2-State 3-State 2-State 3-State

Cycle Memory Bus Bus Access Access Access Access
Instruction fetch Si 2 6 3 4 6 +2m 2 3+m
Branch address read S,
Stack operation Sk
Byte data access S, 3 2 3+m
Word data access Swm 6 4 6 +2m
Internal operation Sk 1 1 1 1 1 1 1
Legend

m: Number of wait states inserted into external device access
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Table A4 Number of Cycles per Instruction

Instruction Mnemonic

Instruction Branch

Fetch
|

Addr. Read Operation Access

J

Byte Data Word Data Internal
Access Operation
L M N

ADD

ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W #xx:16, Rd
ADD.W Rs, Rd
ADD.L #xx:32, ERd
ADD.L ERs, ERd

1

=N

ADDS

ADDS #1/2/4, ERd

ADDX

ADDX #xx:8, Rd
ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

=N

N W =~ N

ANDC

ANDC #xx:8, CCR

=N

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

=N

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPLd:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

BLE d:8

N N N N N N N N DNDNDDNDDNDNDNDNDDNDNDNDDNDINDN

RENESAS
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Instruction Mnemonic

Instruction Branch

Fetch
|

J

Stack
Addr. Read Operation Access

K

Byte Data Word Data
Access

L

M

Internal
Operation

Bcc

BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16

BLS d:16

BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16

BEQ d:16

BVC d:16

BVS d:16

BPL d:16

BMI d:16

BGE d:16

BLT d:16

BGT d:16

BLE d:16

N N N N N N N N DNDNDNDDNDDNDDNDDNDDNDDN

N N N N N N NN DN DNDDNDDNDDNDNDNDDN N2

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

N N =

N N =

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

N N =

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8

N N =

BIOR

BIOR #xx:8, Rd
BIOR #xx:8, @ERd
BIOR #xx:8, @aa:8

N N =

BIST

BIST #xx:3, Rd
BIST #xx:3, @ERd
BIST #xx:3, @aa:8

N =
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Instruction Branch Stack Byte Data Word Data Internal

Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BIXOR BIXOR #xx:3, Rd 1
BIXOR #xx:3, @ERd 2 1
BIXOR #xx:3, @aa:8 2 1

BLD BLD #xx:3, Rd 1
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

NN

BNOT BNOT #xx:3, Rd 1
BNOT #xx:3, @ERd
BNOT #xx:3, @aa:8
BNOT Rn, Rd
BNOT Rn, @ERd
BNOT Rn, @aa:8

= N N
N

NN

BOR BOR #xx:3, Rd 1
BOR #xx:3, @ERd
BOR #xx:3, @aa:8

NN

BSET BSET #xx:3, Rd
BSET #xx:3, @ERd
BSET #xx:3, @aa:8
BSET Rn, Rd
BSET Rn, @ERd
BSET Rn, @aa:8

N N =

Advanced

BSRd:16  Normal™

1
2
2

BSR BSR d:8 Normal®™ 2 1
2
2
2

Advanced

BST BST #xx:3, Rd
BST #xx:3, @ERd
BST #xx:3, @aa:8

N N -~
N

BTST BTST #xx:3, Rd
BTST #xx:3, @ERd
BTST #xx:3, @aa:8
BTST Rn, Rd
BTST Rn, @ERd
BTST Rn, @aa:8

N N =~ NN -
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Instruction Branch Stack Byte Data Word Data Internal

Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @ERd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W #xx:16, Rd 2
CMP.W Rs, Rd 1
CMP.L #xx:32, ERd 3
CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
DEC DEC.B Rd 1
DEC.W #1/2, Rd 1
DEC.L #1/2, ERd 1
DIVXS DIVXS.B Rs, Rd 2 12
DIVXS.W Rs, ERd 2 20
DIVXU DIVXU.B Rs, Rd 1 12
DIVXU.W Rs, ERd 1 20
EEPMOV EEPMOV.B 2 2n+ 2%
EEPMOV.W 2 2n +2*
EXTS EXTS.W Rd 1
EXTS.L ERd 1
EXTU EXTU.W Rd 1
EXTU.L ERd 1
INC INC.BRd 1
INC.W #1/2, Rd 1
INC.L #1/2, ERd 1
JMP JMP @ERn 2
JMP @aa:24 2 2
JMP @@aa:8 Normal™ 2 1 2
Advanced 2 2 2
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Instruction Branch Stack Byte Data Word Data Internal

Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
JSR JSR@ERn  Normal™ 2 1
Advanced 2 2
JSR @aa:24 Normal™ 2 1 2
Advanced 2 2 2
JSR @@aa:8 Normal™ 2 1 1
Advanced 2 2 2
LDC LDC #xx:8, CCR

p
LDC Rs, CCR 1
LDC @ERs, CCR 2
LDC @(d:16, ERs), CCR 3
LDC @(d:24, ERs), CCR 5 1
LDC @ERs+, CCR 2
LDC @aa:16, CCR 3
LDC @aa:24, CCR 4

MOV MOV.B #xx:8, Rd 1
MOV.B Rs, Rd
MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa: 16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @ERd
MOV.B Rs, @(d:16, ERd) 2
MOV.B Rs, @(d:24, ERd) 4 1
MOV.B Rs, @-ERd 1
MOV.B Rs, @aa:8 1
MOV.B Rs, @aa:16 2
MOV.B Rs, @aa:24 3 1
2
1
1

N U TN
-

= W N
-

MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @ERs, Rd
MOV.W @(d:16, ERs), Rd

N
-
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

MOV MOV.W @(d:24, ERs), Rd 4 1
MOV.W @ERs+, Rd 1 1 2
MOV.W @aa:16, Rd 2 1
MOV.W @aa:24, Rd 3
MOV.W Rs, @ERd
MOV.W Rs, @(d:16, ERd)
MOV.W Rs, @(d:24, ERd)
MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd
MOV.L @ERs, ERd
MOV.L @(d:16, ERs), ERd
MOV.L @(d:24, ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs, @ERd
MOV.L ERs, @(d:16, ERd)
MOV.L ERs, @(d:24, ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

A N =
-

N N N N N N N NN DNMNDNDDNDDN

MOVFPE MOVFPE @aa:16, Rd™

MOVTPE MOVTPE Rs, @aa:16™'

MULXS MULXS.B Rs, Rd
MULXS.W Rs, ERd 20

12

N NININ A WO N OO W N B ODN OO WD =2 W WDND =

MULXU MULXU.B Rs, Rd 12
MULXU.W Rs, ERd 1 20

N

NEG NEG.B Rd 1
NEG.W Rd 1
NEG.L ERd 1

NOP NOP 1
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Instruction Mnemonic

Instruction Branch

Fetch
|

Stack

Byte Data Word Data Internal

Addr. Read Operation Access Access Operation

J

K

L M N

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

1
1

OR

OR.B #xx:8, Rd
OR.BRs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

=N

N W

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERn

N =

N =

PUSH

PUSH.W Rn
PUSH.L ERn

N

-
N NN DN

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

=N

RTE

RTE

RTS

RTS Normal™'

Advanced

NN DN

SHAL

SHAL.B Rd
SHAL.W Rd
SHAL.L ERd

N

SHAR

SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

RENESAS
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Instruction Branch Stack Byte Data Word Data Internal

Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
SHLL SHLL.B Rd 1
SHLL.W Rd 1
SHLL.L ERd 1
SHLR SHLR.B Rd 1
SHLR.W Rd 1
SHLR.L ERd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
STC CCR, @ERd 2 1
STC CCR, @(d:16, ERd) 3 1
STC CCR, @(d:24,ERd) 5 1
STC CCR, @-ERd 2 1 2
STC CCR, @aa:16 3 1
STC CCR, @aa:24 4 1
SuUB SUB.B Rs, Rd 1
SUB.W #xx:16, Rd 2
SUB.W Rs, Rd 1
SUB.L #xx:32, ERd 3
SUB.L ERs, ERd 1
SUBS SUBS #1/2/4, ERd 1
SUBX SUBX #xx:8, Rd 1
SUBX Rs, Rd 1
TRAPA TRAPA #x:2 Normal™' 2 1 2 4
Advanced 2 2 2
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XOR.W #xx:16, Rd 2
XOR.W Rs, Rd 1
XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2
XORC XORC #xx:8, CCR 1

Notes: *1 Not available in the H8/3048B Series.

*2 n is the value set in register R4L or R4. The source and destination are accessed n + 1
times each.
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Appendix B Internal I/O Register

Table B.1 Comparison of H8/3048 Series Internal I/O Register Specifications

H8/3048 Mask ROM Version, H8/3048B
Address | H8/3048 | H8/3047 Mask ROM Version, H8/3048F H8/3048 Mask Module
(Low) ZTAT | H8/3045 Mask ROM Version, F-ONE ROM
H8/3044 Mask ROM Version Version
H'FF40 — — FLMCR | FLMCR1 — Flash
H'FF41 — — — FLMCR2 _ memory
H'FF42 — — EBR1 EBR —
H'FF43 — — EBR2 — —
H'FF47 — — — RAMCR —
H'FF48 — — RAMCR — —

Note: A dash (“—”) indicates that access is prohibited. Normal operation is not guaranteed if
these addresses are accessed.
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B.1

Addresses (For H8/3048F-ONE, H8/3048B Mask ROM Version)

Data Bit Names

Address Register Bus Module

(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

H'1C Reserved area (access prohibited)

H'1D

H'1E

H'1F

H'20 MAROAR 8 DMAC

H21 MAROAE 8 channel 0A

H'22 MAROAH 8

H'23 MAROAL 8

H'24 ETCROAH 8

H'25 ETCROAL 8

H'26 IOAROA 8

H'27 DTCROA 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO0 Short
address
mode

DTE DTSz SAID SAIDE DTIE DTS2A DTS1A DTSOA Full

address
mode

H'28 MAROBR 8 DMAC
channel 0B

H'29 MAROBE 8

H'2A MAROBH 8

H'2B MAROBL 8

H'2C ETCROBH 8

H'2D ETCROBL 8

H'2E IOAROB 8

H'2F DTCROB 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO0 Short
address
mode

DTME — DAID DAIDE TMS DTS2B DTS1B DTSO0B Full

address
mode
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Data Bit Names

Address Register Bus Module

(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

H'30 MAR1AR 8 DMAC

H'31 MARIAE 8 channel 1A

H'32 MAR1AH 8

H'33 MAR1AL 8

H'34 ETCR1AH 8

H'35 ETCR1AL 8

H'36 I0AR1A 8

H'37 DTCR1A 8 DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode

DTE DTSZ SAID SAIDE DTIE DTS2A DTS1A DTSOA Full

address
mode

H'38 MAR1BR 8 DMAC

H39  MARIBE 8 channel 18

H'3A MAR1BH 8

H'3B MAR1BL 8

H'3C ETCR1BH 8

H'3D ETCR1BL 8

H'3E I0AR1B 8

H'3F DTCR1B 8 DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode

DTME — DAID DAIDE TMS DTS2B DTS1B DTSO0B Full

address
mode

H'40 FLMCR1™ 8 FWE SWE ESU PSU EV PV E P Flash

H41  FLMCR2™ 8 FLER —® % _» _» s _w_w Memoy

H'42 EBR™ 8 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO

H'43 Reserved area (access prohibited)

H44

H'45

H'46

H'47 RAMCR™ 8 — — — — RAMS RAM2 RAM1 —

H'48 Reserved area (access prohibited)

H'49

H'4A

H'4B

H'4C

H'4D

H'4E

e
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Data Bit Names
Address Register Bus Module
(low)  Name Width Bit7  Bit6  Bit5 Bit4  Bit3  Bit2  Bit1  Bit0  Name
H'50 Reserved area (access prohibited)
H51
H'52
H53
H54
HE5
H56
H'57
H5s
H59
HEA
H5B
H'5C DASTCR 8 — — — — — — — DASTE D/A converter
H5D  DIVCR 8 — — — — — — DIVi  DIVO  System
H'5E MSTCR 8 PSTOP — MSTOP5 MSTOP4 MSTOP3 MSTOP2 MSTOP1 MsSTOPo oMt
H5F  CSCR 8 CS7TE CS6E CS5E  CS4E — — — — Bus controller
H60  TSTR 8 — — — STR4 STR3 STR2 STR1 STRO ITU
He1  TSNC 8 — — — SYNC4 SYNC3 SYNC2 SYNC1 Synco (@lchannels)
H62  TMDR 8 — MDF  FDIR  PWM4 PWM3 PWM2 PWM1 PWMO
H63  TFCR 8 — — CMD1 CMDO BFB4 BFA4 BFB3  BFA3
H64  TCRO 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU
H65  TIORO 8 — I0B2  I10B1  10BO  — I0OA2  10A1  loAa0  channel©
H66  TIERO 8 — — — — — OVIE IMIEB  IMIEA
H67 TSRO 8 — — — — — OVF  IMFB  IMFA
H68  TCNTOH 16
H69  TCNTOL
H6A  GRAOH 16
H6B  GRAOL
H6C  GRBOH 16
H6D  GRBOL
HBE  TCR1 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU
H6F  TIORT 8 — I0B2  I10B1  10BO  — I0A2  I0A1  loAa0  channeld
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Data Bit Names
Address Register Bus Module
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'70 TIER1 8 — — — — — OVIE IMIEB IMIEA  ITU channel 1
H'71 TSR1 8 — — — — — OVF IMFB IMFA
H'72 TCNT1H 16
H'73 TCNT1L
H'74 GRA1TH 16
H'75 GRA1L
H'76 GRB1H 16
H'77 GRB1L
H'78 TCR2 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITUchannel?2
H'79 TIOR2 8 — 10B2 10B1 10B0O — 10A2 10A1 I0A0
H'7A TIER2 8 — — — — — OVIE IMIEB IMIEA
H'7B TSR2 8 — — — — — OVF IMFB IMFA
H'7C TCNT2H 16
H'7D TCNT2L
H'7E GRA2H 16
H'7F GRA2L
H'80 GRB2H 16
H'81 GRB2L
H'82 TCR3 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITUchannel3
H'83 TIOR3 8 — 10B2 10B1 10B0 — 10A2 10A1 I0A0
H'84 TIER3 8 — — — — — OVIE IMIEB IMIEA
H'85 TSR3 8 — — — — — OVF IMFB IMFA
H'86 TCNT3H 16
H'87 TCNT3L
H'88 GRA3H 16
H'89 GRA3L
H'8A GRB3H 16
H'sB GRB3L
H'8C BRA3H 16
H'8D BRA3L
H'8E BRB3H 16
H'8F BRB3L
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Data Bit Names
Address Register Bus Module
(low)  Name Width Bit 7 Bit6  Bit5 Bit4  Bit3 Bit 2 Bit 1 Bit 0 Name
H'90 TOER 8 — — EXB4 EXA4 EB3 EB4 EA4 EA3 ITU (all
H'91 TOCR 8 — — — XTGD — — oLs4 oLs3  chamnels)
H'92 TCR4 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel 4
H'93 TIOR4 8 — I0B2  10B1 I0OBO — IOA2  10A1 I0A0
H'94 TIER4 8 — — — — — OVIE  IMIEB  IMIEA
H'95 TSR4 8 — — — — — OVF IMFB  IMFA
H'96 TCNT4H 16
H'97 TCNTA4L
H'98 GRA4H 16
H'99 GRA4L
H'9A GRB4H 16
H'9B GRB4L
H'9C BRA4H 16
H'9D BRA4L
H'9E BRB4H 16
H'9F BRBA4L
H'AO TPMR 8 — — — — G3NOV G2NOV G1NOV GONOV TPC
H'A1 TPCR 8 G3CMS1 G3CMS0 G2CMS1 G2CMS0 G1CMS1 G1CMS0 GOCMS1 GOCMS0
H'A2 NDERB 8 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS
H'A3 NDERA 8 NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO
H'A4 NDRB™ 8 NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDRS8
8 NDR15 NDR14 NDR13 NDR12 — — — —
H'A5 NDRA™ 8 NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO
8 NDR7 NDR6 NDR5 NDR4 — — — —
H'A6 NDRB*' 8 — — — — — — — —
8 — — — — NDR11 NDR10 NDR9  NDR8
H'A7 NDRA*' 8 — — — — — — — —
8 — — — — NDR3 NDR2 NDR1  NDRO
H'A8 TCSR* 8 OVF WTAT TME — — CKS2 CKS1 CKSO  WDT
H'A9 TCNT™ 8
HAA  — — — — — — — — —
H'AB RSTCSR™ 8 WRST — — — — — — —
H'AC RFSHCR 8 SRFMD PSRAME DRAME CAS/WE M9/M8 RFSHE — RCYCE Refresh
HAD  RTMCSR 8 CMF  CMIE CKS2 CKS1 CKSO — — — controller
HAE RTCNT 8
HAF RTCOR 8
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Data Bit Names
Address Register Bus Module
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'BO SMR 8 C/K/GM CHR PE O/E STOP  MP CKS1 CKSO0 SCl channel 0
H'B1 BRR 8
H'B2 SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'B3 TDR 8
H'B4 SSR 8 TDRE RDRF ORER FER/ PER TEND MPB MPBT

ERS

H'B5 RDR 8
H'B6 SCMR 8 — — — — SDIR SINV — SMIF
H'B7 Reserved area (access prohibited)
H'B8 SMR 8 C/A CHR PE O/E STOP  MP CKS1 CKSO0 SCl channel 1
H'B9 BRR 8
H'BA SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'BB TDR 8
H'BC SSR 8 TDRE RDRF ORER FER PER TEND MPB MPBT
H'BD RDR 8
H'BE Reserved area (access prohibited)
H'BF
H'CO P1DDR 8 P1,DDR P1,DDR P1sDDR P1,DDR P1;DDR P1,DDR P1,DDR P1,DDR Port 1
H'C1 P2DDR 8 P2;DDR P2,DDR P2;DDR P2,DDR P2;DDR P2,DDR P2,DDR P2,DDR Port2
H'C2 P1DR 8 P1; P1s P1s P14 P13 P1, P14 P1o Port 1
H'C3 P2DR 8 P2; P2 P25 P2, P2, P2, P24 P2, Port 2
H'C4 P3DDR 8 P3;DDR P3¢sDDR P3;DDR P3,DDR P3;DDR P3,DDR P3,DDR P3,DDR Port3
H'C5 P4DDR 8 P4;,DDR P4sDDR P4;DDR P4,DDR P4;DDR P4,DDR P4,DDR P4,DDR Port4
H'C6 P3DR 8 P37 P3s P3s P34 P33 P3; P34 P30 Port 3
H'C7 P4DR 8 P4; P4 P45 P4, P45 P4, P4, P4, Port 4
H'C8 P5DDR 8 — — — — P5;DDR P5,DDR P5,DDR P5,DDR Port 5
H'C9 P6DDR 8 — P6sDDR P6sDDR P6,DDR P6;DDR P6,DDR P6,DDR P6,DDR Port 6
H'CA P5DR 8 — — — — P5; P5, P54 P5q Port 5
H'CB P6DR 8 — P66 P65 P6, P63 P6, P64 P6, Port 6
H'CC — — — — — — — — —
H'CD P8DDR 8 — — — P8,DDR P8;DDR P8,DDR P8;DDR P8,DDR Port 8
H'CE P7DR 8 P7; P7s P75 P74 P7; P7, P74 P7, Port 7
H'CF P8DR 8 — — — P8, P8; P8, P84 P8, Port 8
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Data Bit Names
Address Register Bus Module
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'DO P9DDR 8 — — P9sDDR P9,DDR P9;DDR P9,DDR P9:DDR P9,DDR Port 9
H'D1 PADDR 8 PA;DDR PAsDDR PA;DDR PA,DDR PA;DDR PA,DDR PA;DDR PA,DDR Port A
H'D2 PI9DR 8 — — P95 P9, P9; P9, P9, P9 Port 9
H'D3 PADR 8 PA; PAg PAs PA, PA; PA; PA, PAy Port A
H'D4 PBDDR 8 PB;DDR PB¢DDR PBsDDR PB,DDR PB3;DDR PB,DDR PB:;DDR PB(DDR PortB
H'D5 — — — — — — — — — — —
H'D6 PBDR 8 PB; PBs PBs PB. PB; PB, PB4 PBo Port B
H'D7 — — — — — — — — — — —
H'D8 P2PCR 8 P2;PCR P2PCR P2;PCR P2,PCR P2;PCR P2,PCR P2,PCR P2,PCR Port2
H'D9 — — — — — — — — —
H'DA P4PCR 8 P4;,PCR P4sPCR P4;PCR P4,PCR P4;PCR P4,PCR P4,PCR P4,PCR Port4
H'DB P5PCR 8 — — — — P5;PCR P5,PCR P5,PCR P5,PCR Port5
H'DC DADRO 8 D/A converter
H'DD DADR1 8
H'DE DACR 8 DAOE1 DAOEO DAE — — — — —
H'DF Reserved area (access prohibited)
H'EO ADDRAH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D converter
H'E1 ADDRAL 8 AD1 ADO — — — — — —
H'E2 ADDRBH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E3 ADDRBL 8 AD1 ADO — — — — — —
H'E4 ADDRCH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E5 ADDRCL 8 AD1 ADO — — — — — —
H'E6 ADDRDH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E7 ADDRDL 8 AD1 ADO — — — — — —
H'E8 ADCSR 8 ADF ADIE ADST SCAN  CKS CH2 CH1 CHO
H'E9 ADCR 8 TRGE — — — — — — —
H'EA Reserved area (access prohibited)
H'EB
HEC ABWCR 8 ABW7 ABW6 ABW5 ABW4 ABW3 ABW2 ABW1 ABWO  Bus controller
H'ED ASTCR 8 AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
H'EE WCR 8 — — — — WMS1 WMSO0 WCH1 WCOo
H'EF WCER 8 WCE7 WCE6 WCE5 WCE4 WCE3 WCE2 WCE1 WCEO
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Data Bit Names

Address Register Bus Module
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'FO Reserved area (access prohibited)

H'F1 MDCR 8 — — — — — MDS2 MDSH1 MDSO0 System
HF2  SYSCR 8 SSBY STS2 STS1  STSO  UE NMIEG — RAME  control
H'F3 BRCR 8 A23E A22E A21E — — — — BRLE Bus controller
H'F4 ISCR 8 — — IRQ5SC IRQ4SC IRQ3SC IRQ2SC IRQ1SC IRQOSC Interrupt
HF5  IER 8 — — IRQ5E  IRQ4E  IRQ3E IRQ2E IRQIE IRQoE  comroller
H'F6 ISR 8 — — IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF

H'F7 Reserved area (access prohibited)

H'F8 IPRA 8 IPRA7 IPRA6  IPRA5 IPRA4 IPRA3 IPRA2 IPRA1 IPRAO

H'F9 IPRB 8 IPRB7 IPRB6 IPRB5 — IPRB3  IPRB2 IPRB1 —

H'FA Reserved area (access prohibited)

H'FB

H'FC

H'FD

H'FE

WFE

Notes: *1 The address depends on the output trigger setting.
*2 For write access to TCSR TCNT, and RSTCR see section 12.2.4, Notes on Register
Rewriting.
*3 Bits 6 to 0 in FLMCR2 are reserved bits but are readable/writable.
*4 Byte data must be used to access FLMCR1, FLMCR2, EBR, and RAMCR.
Legend
DMAC: DMA controller
ITU:  16-bit integrated timer unit
TPC: Programmable timing pattern controller
WDT: Watchdog timer
SCI:  Serial communication interface
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B.2 Addresses (For H8/3048F, H8/3048ZTAT, H8/3048 Mask-ROM,
H8/3047 Mask-ROM, H8/3045 Mask-ROM, and H8/3044 Mask-
ROM Versions)
Data Bit Names
Address Register Bus Module
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'1C
H'1D
H'1E
H'1F
H'20 MAROAR 8 DMAC
H21 MAROAE 8 channel 0A
H'22 MAROAH 8
H'23 MAROAL 8
H'24 ETCROAH 8
H'25 ETCROAL 8
H'26 IOAROA 8
H'27 DTCROA 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode
DTE DTSz SAID SAIDE DTIE DTS2A DTS1A DTSOA Full
address
mode
H'28 MAROBR 8 DMAC
channel 0B
H'29 MAROBE 8
H'2A MAROBH 8
H'2B MAROBL 8
H'2C ETCROBH 8
H'2D ETCROBL 8
H'2E IOAROB 8
H'2F DTCROB 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO0 Short
address
mode
DTME — DAID DAIDE TMS DTS2B DTS1B DTSO0B Full
address
mode
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Data Bit Names

Address Register Bus Module

(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

H'30 MAR1AR 8 DMAC

H'31 MARIAE 8 channel 1A

H'32 MAR1AH 8

H'33 MAR1AL 8

H'34 ETCR1AH 8

H'35 ETCR1AL 8

H'36 I0AR1A 8

H'37 DTCR1A 8 DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO0 Short
address
mode

DTE DTSZ SAID SAIDE DTIE DTS2A DTS1A DTSOA Full

address
mode

H'38 MAR1BR 8 DMAC

H39  MARIBE 8 channel 18

H'3A MAR1BH 8

H'3B MAR1BL 8

H'3C ETCR1BH 8

H'3D ETCR1BL 8

H'3E I0AR1B 8

H'3F DTCR1B 8 DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO0 Short
address
mode

DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full

address
mode

H'40 FLMCR 8 Vep VeeE — — EV PV E P Flash

4t — — — — — — — — — — memory

H'42 EBR1 8 LB7 LB6 LB5 LB4 LB3 LB2 LB1 LBO

H'43 EBR2 8 SB7 SB6 SB5 SB4 SB3 SB2 SB1 SBO

H'44 — — — — — — — — —

H'45 — — — — — — — — —

H'46 — — — — — — — — —

H'47 — — — — — — — — —

H'48 RAMCR 8 FLER — — — RAMS RAM2  RAM1 RAMO

H'49 — — — — — — — — —

H'4A — — — — — — — — —

H'4B — — — — — — — — —

H'4C — — — — — — — — —

H'4D — — — — — — — — —

H'4E — — — — — — — — —

H'4F — — — — — — — — —
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Data Bit Names
Address Register Bus Module
(low)  Name Width Bit7  Bit6  Bit5 Bit4 Bit3 Bit2 Bit1  Bit0  Name
H50  — — — — — — — — —
H'51 — — — — — — — — —
H52  — — — — — — — — —
H53  — — — — — — — — —
H54  — — — — — — — — —
H55  — — — — — — — — —
H56  — — — — — — — — —
H57  — — — — — — — — —
H58  — — — — — — — — —
H59  — — — — — — — — —
H5A  — — — — — — — — —
H58  — — — — — — — — —
H'5C DASTCR 8 — — — — — — — DASTE D/A converter
H5D  DIVCR 8 — — — — — — DIVi  DIVO  System
H'5E MSTCR 8 PSTOP — MSTOP5 MSTOP4 MSTOP3 MSTOP2 MSTOP1 MsSTOPo oMt
H5F  CSCR 8 CS7TE CS6E CS5E  CS4E — — — — Bus controller
H60  TSTR 8 — — — STR4 STR3 STR2 STR1 STRO ITU
He1  TSNC 8 — — — SYNC4 SYNC3 SYNC2 SYNC1 Synco (@lchannels)
H62  TMDR 8 — MDF  FDIR PWM4 PWM3 PWM2 PWM1 PWMO
H63  TFCR 8 — — CMD1 CMDO BFB4 BFA4 BFB3  BFA3
H64  TCRO 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU
H65  TIORO 8 — I0B2  I10B1  10BO  — I0OA2  10A1  loAa0  channel©
H66  TIERO 8 — — — — — OVIE IMIEB  IMIEA
H67 TSRO 8 — — — — — OVF  IMFB  IMFA
H68  TCNTOH 16
H69  TCNTOL
H6A  GRAOH 16
H6B  GRAOL
H6C  GRBOH 16
H6D  GRBOL
HBE  TCR1 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU
H'6F TIOR1 8 — I0B2  I0B1  I10BO  — I0A2  1I0A1  loAa0  channelt
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Data Bit Names

Address Register Bus Module
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

H'70 TIER1 8 — — — — — OVIE IMIEB IMIEA  ITU channel 1
H'71 TSR1 8 — — — — — OVF IMFB IMFA

H'72 TCNT1H 16

H'73 TCNT1L

H'74 GRA1TH 16

H'75 GRAIL

H'76 GRB1H 16

H'77 GRB1L

H'78 TCR2 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel2

H'7A TIER2 — — — — — OVIE IMIEB IMIEA

8

H'79 TIOR2 8 — 10B2 10B1 10BO — I10A2 I0A1 I0A0
8
8

H'7B TSR2 — — - — — OVF IMFB IMFA

H'7C TCNT2H 16

H'7D TCNT2L

H'7E GRA2H 16

H'7F GRA2L

H'80 GRB2H 16

H'81 GRB2L

H'82 TCR3 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITUchannel3

H'84 TIER3 — — — — — OVIE IMIEB IMIEA

8

H'83 TIOR3 8 — 10B2 10B1 10BO — I10A2 I0A1 I0A0
8
8

H'85 TSR3 — — — — — OVF IMFB IMFA

H'86 TCNT3H 16

H'87 TCNT3L

H'88 GRA3H 16

H'89 GRA3L

H'8A GRB3H 16

H'8B GRB3L

H'8C BRA3H 16

H'8D BRA3L

H'8E BRB3H 16

H'8F BRB3L
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Data Bit Names
Address Register Bus Module
(low)  Name Width Bit 7 Bit6  Bit5 Bit4  Bit3 Bit 2 Bit 1 Bit 0 Name
H'90 TOER 8 — — EXB4 EXA4 EB3 EB4 EA4 EA3 ITU (all
H'91 TOCR 8 — — — XTGD — — oLs4 oLs3  chamnels)
H'92 TCR4 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel 4
H'93 TIOR4 8 — I0B2  10B1 I0OBO — IOA2  10A1 I0A0
H'94 TIER4 8 — — — — — OVIE  IMIEB  IMIEA
H'95 TSR4 8 — — — — — OVF IMFB  IMFA
H'96 TCNT4H 16
H'97 TCNTA4L
H'98 GRA4H 16
H'99 GRA4L
H'9A GRB4H 16
H'9B GRB4L
H'9C BRA4H 16
H'9D BRA4L
H'9E BRB4H 16
H'9F BRBA4L
H'AO TPMR 8 — — — — G3NOV G2NOV G1NOV GONOV TPC
HA1 TPCR 8 G3CMS1 G3CMS0 G2CMS1 G2CMS0 G1CMS1 G1CMS0 GOCMS1 GOCMS0
H'A2 NDERB 8 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS
H'A3 NDERA 8 NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO
H'A4 NDRB* 8 NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDRS8
8 NDR15 NDR14 NDR13 NDR12 — — — —
H'A5 NDRA™ 8 NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO
8 NDR7 NDR6 NDR5 NDR4 — — — —
H'A6 NDRB*' 8 — — — — — — — —
8 — — — — NDR11 NDR10 NDR9  NDR8
H'A7 NDRA*' 8 — — — — — — — —
8 — — — — NDR3 NDR2 NDR1 NDRO
H'A8 TCSR* 8 OVF WTAT  TME — — CKS2 CKS1 CKSO  WDT
H'A9 TCNT™2 8
HAA  — — — — — — — — —
H'AB RSTCSR™ 8 WRST RSTOE — — — — — —
H'AC RFSHCR 8 SRFMD PSRAME DRAME CAS/WE M9/M8 RFSHE — RCYCE Refresh
HAD  RTMCSR 8 CMF  CMIE CKS2 CKS1 CKSO — — — controller
HAE RTCNT 8
HAF RTCOR 8
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Data Bit Names
Address Register Bus Module
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'BO SMR 8 C/K/GM CHR PE O/E STOP  MP CKS1 CKSO0 SCl channel 0
H'B1 BRR 8
H'B2 SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'B3 TDR 8
H'B4 SSR 8 TDRE RDRF ORER FER/ PER TEND MPB MPBT

ERS

H'B5 RDR 8
H'B6 SCMR 8 — — — — SDIR SINV — SMIF
H'B7
H'B8 SMR 8 C/A CHR PE O/E STOP  MP CKS1 CKSO0 SCl channel 1
H'B9 BRR 8
H'BA SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'BB TDR 8
H'BC SSR 8 TDRE RDRF ORER FER PER TEND MPB MPBT
H'BD RDR 8
H'BE — — — — — — — — —
H'BF
H'CO P1DDR 8 P1,.DDR P1,DDR P1;DDR P1,DDR P1;DDR P1,DDR P1,DDR P1,DDR Port 1
H'C1 P2DDR 8 P2;,DDR P2,DDR P2;DDR P2,DDR P2;DDR P2,DDR P2,DDR P2,DDR Port2
H'C2 P1DR 8 P17 P1s P1s P14 P13 P1, P14 P1o Port 1
H'C3 P2DR 8 P2; P2 P25 P2, P2; P2, P24 P2, Port 2
H'C4 P3DDR 8 P3;DDR P3¢sDDR P3;DDR P3,DDR P3;DDR P3,DDR P3;DDR P3,DDR Port3
H'C5 P4DDR 8 P4;,DDR P4sDDR P4;DDR P4,DDR P4;DDR P4,DDR P4,DDR P4,DDR Port 4
H'C6 P3DR 8 P37 P3s P3s P34 P33 P3, P34 P30 Port 3
H'C7 P4DR 8 P4; P4 P45 P4, P4, P4, P4, P4, Port 4
H'C8 P5DDR 8 — — — — P5;DDR P5,DDR P5,DDR P5,DDR Port 5
H'C9 P6DDR 8 — P6sDDR P6sDDR P6,DDR P6;DDR P6,DDR P6,DDR P6,DDR Port 6
H'CA P5DR 8 — — — — P5; P5, P54 P5q Port 5
H'CB P6DR 8 — P66 P65 P6, P63 P6, P64 P6, Port 6
H'CC — — — — — — — — —
H'CD P8DDR 8 — — — P8,DDR P8;DDR P8,DDR P8:DDR P8,DDR Port 8
H'CE P7DR 8 P7; P7s P7s P7, P75 P7, P74 P7, Port 7
H'CF P8DR 8 — — — P8, P8; P8, P84 P8, Port 8
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Data Bit Names
Address Register Bus Module
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'DO P9DDR 8 — — P9sDDR P9,DDR P9;DDR P9,DDR P9:DDR P9,DDR Port 9
H'D1 PADDR 8 PA;DDR PAsDDR PA;DDR PA,DDR PA;DDR PA,DDR PA;DDR PA,DDR Port A
H'D2 PI9DR 8 — — P95 P9, P9; P9, P9, P9 Port 9
H'D3 PADR 8 PA; PAg PAs PA, PA; PA; PA, PAy Port A
H'D4 PBDDR 8 PB;DDR PB¢DDR PBsDDR PB,DDR PB3;DDR PB,DDR PB:;DDR PB(DDR PortB
H'D5 — — — — — — — — —
H'D6 PBDR 8 PB; PBs PBs PB. PB; PB, PB4 PBo Port B
H'D7 — — — — — — — — —
H'D8 P2PCR 8 P2;PCR P2PCR P2;PCR P2,PCR P2;PCR P2,PCR P2,PCR P2,PCR Port2
H'D9 — — — — — — — — —
H'DA P4PCR 8 P4;,PCR P4sPCR P4;PCR P4,PCR P4;PCR P4,PCR P4,PCR P4,PCR Port4
H'DB P5PCR 8 — — — — P5;PCR P5,PCR P5,PCR P5,PCR Port5
H'DC DADRO 8 D/A converter
H'DD DADR1 8
H'DE DACR 8 DAOE1 DAOEO DAE — — — — —
H'DF — — — — — — — — —
H'EO ADDRAH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D converter
H'E1 ADDRAL 8 AD1 ADO — — — — — —
H'E2 ADDRBH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E3 ADDRBL 8 AD1 ADO — — — — — —
H'E4 ADDRCH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E5 ADDRCL 8 AD1 ADO — — — — — —
H'E6 ADDRDH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E7 ADDRDL 8 AD1 ADO — — — — — —
H'E8 ADCSR 8 ADF ADIE ADST SCAN CKS CH2 CH1 CHO
H'E9 ADCR 8 TRGE — — — — — — —
H'EA — — — — — — — — —
H'EB — — — — — — — — —
HEC ABWCR 8 ABW7 ABW6 ABW5 ABW4 ABW3 ABW2 ABW1 ABWO  Bus controller
H'ED ASTCR 8 AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
H'EE WCR 8 — — — — WMS1 WMSO0 WCH1 WcCo
H'EF WCER 8 WCE7 WCE6 WCE5 WCE4 WCE3 WCE2 WCE1 WCEO
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Data Bit Names
Address Register Bus Module
(low) Name Width Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'FO — — — — — — — — —
H'F1 MDCR 8 — — — — — MDS2 MDS1 MDSO  System
HF2  SYSCR 8 SSBY STS2  STS1  STSO  UE NMIEG — RAME  control
H'F3 BRCR 8 A23E  A22E  A21E  — — — — BRLE  Bus controller
H'F4 ISCR 8 — — IRQ5SC IRQ4SC IRQ3SC IRQ2SC IRQ1SC IRQOSC Interrupt
HF5 IER 8 — — IRQ5E IRQ4E IRQ3E IRQ2E IRQIE IRQE  controller
H'F6 ISR 8 — — IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F  IRQOF
H'F7 — — — — — — — — —
H'F8 IPRA 8 IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRA1 IPRAO
H'F9 IPRB 8 IPRB7 IPRB6 IPRB5 — IPRB3 IPRB2 IPRB1 —
HFA — — — — — — — — —
H'FB — — — — — — — — —
HFC
H'FD — — — — — — — — —
H'FE — — — — — — — — —
H'FF — — — — — — — — —
Notes: *1 The address depends on the output trigger setting.
*2 For write access to TCSR, TCNT, and RSTCSR, see section 12.2.4, Notes on Register
Rewriting.
Legend
DMAC: DMA controller
ITU:  16-bit integrated timer unit
TPC: Programmable timing pattern controller
SCI:  Serial communication interface
WDT: Watchdog timer
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B.3 Function

Name of on-chip

Register Register Address to which
acronym name the register is mapped supporting
module
TSTR Timer Start Register H’60 ITU (all channels)
Bit
numbers
Bit 7 6 5 4 3 2 1 0
Initial bit —| IEHE 0 | stra | strRs | sTR2 | sTR1 | sTRO ‘f\
values it
Initial value 1 1 1 0 0 0 0 0 Names of the
Read/Write ] O O R/W R/W bits. Dashes
() indicate
reserved bits.

Possible types of access
R | Read only
W | Write only

R/W | Read and write

Counter start 0
0 | TCNTO is halted
1| TCNTO is counting

—

Counter start 1

0 | TCNT1 is halted
1| TCNT1 is counting Full name
of bit
Counter start 2
0 | TCNT2 is halted
1| TCNT2 is counting
Counter start 3 DeS_CI’IptI(_)nS
of bit settings

0 | TCNT3 is halted
1| TCNT3 is counting

Counter start 4
0 | TCNT4 is halted
TCNT4 is counting

N
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MAROA R/E/H/L—Memory Address Register 0A R/E/H/L H'20, H'21, DMACO

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

H'22, H'23

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

1 1 1 1 1 1 1 1 Undetermined
o o 0O o 0o O o 0O RWRMWRMWRMWR/MWR/WR/WR/W

MAROAR MAROAE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Undetermined Undetermined
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAROAH MAROAL

Source or destination address
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ETCROA H/L—Execute Transfer Count Register 0A H/L H'24, H'2S

e Short address mode

[0 I/0O mode and idle mode

Bit 15 14

13

12

1 10 9 8 7 6 5 4 3 2

DMACO

Initial value

Undetermined

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

O Repeat mode

Transfer counter

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROAH
|
Transfer counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROAL
|
Initial count
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ETCROA H/L—Execute Transfer Count Register 0A H/L H'24, H'25 DMACO
(cont)

¢ Full address mode

[0 Normal mode

Bit 5 14 13 122 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W

Transfer counter

0 Block transfer mode

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCROAH

Block size counter

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCROAL

Initial block size
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IOAROA—I/O Address Register 0A H'26 DMACO
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Short address mode: source or destination address
Full address mode: not used
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DTCROA—Data Transfer Control Register 0A H'27 DMACO0

e Short address mode

Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
]

Data transfer select

Bit2 | Bit1 | Bit0O
DTS2 | DTS1 | DTSO0 | Data Transfer Activation Source
0 0 0 Compare match/input capture A interrupt from ITU channel 0
1 Compare match/input capture A interrupt from ITU channel 1
1 0 Compare match/input capture A interrupt from ITU channel 2
1 Compare match/input capture A interrupt from ITU channel 3
1 0 0 SCIO0 transmit-data-empty interrupt
1 SCIO0 receive-data-full interrupt
1 0 Transfer in full address mode (channel A)
1 Transfer in full address mode (channel A)

Data transfer interrupt enable

0 | Interrupt requested by DTE bit is disabled

N

Interrupt requested by DTE bit is enabled

Repeat enable

RPE | DTIE | Description
0 0 1/0 mode
1
1 0 Repeat mode
1 Idle mode

Data transfer increment/decrement

0 | Incremented: If DTSZ = 0, MAR is incremented by 1 after each transfer
If DTSZ = 1, MAR is incremented by 2 after each transfer

1 | Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer
If DTSZ = 1, MAR is decremented by 2 after each transfer

Data transfer size

0 | Byte-size transfer

1 | Word-size transfer

Data transfer enable

0 | Data transfer is disabled

-

Data transfer is enabled
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DTCROA—Data Transfer Control Register 0A (cont) H'27 DMACO
e Full address mode
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSz ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSO0A ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
]

Data transfer select 0A

0 | Normal mode
1 | Block transfer mode

Data transfer select 2A and 1A
Set both bits to 1

Data transfer interrupt enable

0

Interrupt request by DTE bit is disabled

1

Interrupt request by DTE bit is enabled

Source address increment/decrement (bit 5)
Source address increment/decrement enable (bit 4)

Bit5 | Bit4
SAID |SAIDE| Increment/Decrement Enable
0 0 MARA is held fixed
1 Incremented: If DTSZ = 0, MARA is incremented by 1 after each transfer
If DTSZ = 1, MARA is incremented by 2 after each transfer
1 0 MARA is held fixed
1 Decremented: If DTSZ = 0, MARA is decremented by 1 after each transfer
If DTSZ = 1, MARA is decremented by 2 after each transfer

Data transfer size

0 | Byte-size transfer

1

Word-size transfer

Data transfer enable

0

Data transfer is disabled

1

Data transfer is enabled
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MAROB R/E/H/L—Memory Address Register 0B R/E/H/L H'28, H'29, DMACO

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

H'2A, H2B

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ ‘ ‘ Undetermined ‘ ‘ ‘
o o oo o o 0o 0 RWRWRWRMWRWRWRWR/W

MAROBR MAROBE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Undetermined Undetermined
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAROBH MAROBL

Source or destination address
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ETCROB H/L—Execute Transfer Count Register 0B H/L H'2C, H"2D

e Short address mode

[0 I/0O mode and idle mode

Bit 15 14

13

12

1 10 9 8 7 6 5 4 3 2

DMACO

Initial value

Undetermined

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

O Repeat mode

Transfer counter

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROBH
|
Transfer counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROBL
|
Initial count
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ETCROB H/L—Execute Transfer Count Register 0B H/L H'2C, H"2D DMACO0
(cont)

¢ Full address mode

[0 Normal mode

Bit 15 14 13 122 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W

Block transfer counter

0 Block transfer mode

Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Block transfer counter

IOAROB—I/O Address Register 0B H"2E DMACO
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Short address mode: source or destination address
Full address mode: not used
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e Short address mode

DTCROB—Data Transfer Control Register 0B H"2F DMACO0
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data transfer select

Bit2 | Bit1 | Bit0O

DTS2 | DTS1 | DTSO | Data Transfer Activation Source

0 0

Compare match/input capture A interrupt from ITU channel 0

Compare match/input capture A interrupt from ITU channel 1

Compare match/input capture A interrupt from ITU channel 2

Compare match/input capture A interrupt from ITU channel 3

SCIO0 transmit-data-empty interrupt

SCIO receive-data-full interrupt

Falling edge of DREQ input

N
o
O~ |O|—~|O|~|O

Low level of DREQ input

Data transfer interrupt enable

0 | Interrupt requested by DTE bit is disabled

1 | Interrupt requested by DTE bit is enabled
An interrupt request is issued to the CPU when the DTE bit =0

Repeat enable
RPE | DTIE | Description
0 0 1/0 mode
1
1 0 Repeat mode
1 Idle mode

Data transfer increment/decrement

0 | Incremented: If DTSZ = 0, MAR is incremented by 1 after each transfer
If DTSZ = 1, MAR is incremented by 2 after each transfer

1 | Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer
If DTSZ = 1, MAR is decremented by 2 after each transfer

Data transfer size
0 | Byte-size transfer
1 | Word-size transfer

Data transfer enable
0 | Data transfer is disabled
1 | Data transfer is enabled
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DTCROB—Data Transfer Control Register 0B (cont) H'2F DMACO
e Full address mode
Bit 7 6 5 4 2 1 0
‘ DTME ‘ O ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS1B ‘ DTSO0B ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
|
\
Data transfer select 2B to 0B
Bit2 | Bit1 | Bit0 Data Transfer Activation Source
DTS2B|DTS1BDTS0B| Normal Mode Block Transfer Mode
0 0 0 Auto-request Compare match/input capture
(burst mode) A from ITU channel 0
1 Not available Compare match/input capture
A from ITU channel 1
1 0 Auto-request Compare match/input capture
(cycle-steal mode) A from ITU channel 2
1 Not available Compare match/input capture
A from ITU channel 3
1 0 0 Not available Not available
1 Not available Not available
1 0 | Falling edge of DREQ Falling edge of DREQ
1 Low level input at DREQ | Not available
Transfer mode select
0 | Destination is the block area in block transfer mode
1 | Source is the block area in block transfer mode

Destination address increment/decrement (bit 5)

Destination address increment/decrement enable (bit 4)

Bit5 | Bit4
DAID |DAIDE| Increment/Decrement Enable
0 0 MARB is held fixed
1 Incremented: If DTSZ = 0, MARB is incremented by 1 after each transfer
If DTSZ = 1, MARB is incremented by 2 after each transfer
1 0 MARSB is held fixed
1 Decremented: If DTSZ = 0, MARB is decremented by 1 after each transfer
If DTSZ = 1, MARB is decremented by 2 after each transfer

Data transfer master enable
0 | Data transfer is disabled
1 | Data transfer is enabled

RENESAS
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MARI1A R/E/H/L—Memory Address Register 1A R/E/H/L H'30, H'31, DMAC1

H'32, H'33
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value 1 1 1 1 1 1 1 1 Undetermined

Read/Write o o o o o o o O RWRWRWRWRWRWR/W R/W

MAR1AR MAR1AE
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined Undetermined

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

MAR1AH MAR1AL

Note: Bit functions are the same as for DMACO.
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ETCR1A H/L—Execute Transfer Count Register 1A H/L H'34, H'35 DMAC1

Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCR1AH
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined

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

ETCR1AL
Note: Bit functions are the same as for DMACO.
IOAR1A—I/O Address Register 1A H'36 DMAC1
Bit 7 6 5 4 3 2 1 0
Initial value ‘ ‘ ‘ ‘ Undetermined ‘ ‘ ‘ ‘

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

Note: Bit functions are the same as for DMACO.
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DTCR1A—Data Transfer Control Register 1A H'37 DMAC1

e Short address mode

Bit 7 6 5 4 3 2 1 0

‘ DTE ‘ DTSz ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

e Full address mode

Bit 7 6 5 4 3 2 1 0

‘ DTE ‘ DTSz ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSO0A ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.

MARI1B R/E/H/L—Memory Address Register 1B R/E/H/L H'38, H'39, DMAC1
H'3A, H'3B

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ ‘ ‘ Undetermined ‘ ‘ ‘

Read/Write o oo oo o 0 0 RWRMWRWRMWRWRWR/W R/W

MAR1BR MAR1BE
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined Undetermined

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

MAR1BH MAR1BL

Note: Bit functions are the same as for DMACO.
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ETCR1B H/L—Execute Transfer Count Register 1B H/L H'3C,H'3D DMAC1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCR1BH
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined

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

ETCR1BL
Note: Bit functions are the same as for DMACO.
IOAR1B—I/O Address Register 1B H'3E DMAC1
Bit 7 6 5 4 3 2 1 0
Initial value ‘ ‘ ‘ ‘ Undetermined ‘ ‘ ‘ ‘

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

Note: Bit functions are the same as for DMACO.
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DTCR1B—Data Transfer Control Register 1B H'3F DMAC1
e Short address mode
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
e Full address mode
Bit 7 6 5 4 3 2 1 0
‘ DTME ‘ O ‘ DAID ‘ DAIDE ‘ T™MS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.
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FLMCR—Flash Memory Control Register H'40 Flash memory

Bit 7 6 5 4 3 2 1 0
| Ve | VeE | O | O | BV | pv | E P |
Initial value®™ 0 0 0 0 0 0 0 0
R/W R R/W 0 0 RW*  RW* RW* RW"
Program mode
0 | Exit from program mode
(Initial value)
1 | Transition to program mode
Erase mode
0 | Exit from erase mode (Initial value)
1 | Transition to erase mode
Program-verify mode
0 | Exit from program-verify mode (Initial value)
1 | Transition to program-verify mode
Erase-verify mode
0 | Exit from erase-verify mode (Initial value)
1 | Transition to erase-verify mode
Vpp enable
0 | Vpp pin 12 V power supply is disabled (Initial value)
1| Vpp pin 12 V power supply is enabled

Programming power
0 | Cleared when 12 V is not applied to Vpp (Initial value)
1| Set when 12 V is applied to Vpp

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes
1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified and is
always read as H'FF.

H8/3048F Include this register

H8/3048B mask ROM version | Not include this register
H8/3048F-ONE
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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FLMCR1—Flash Memory Control Register 1 H'40 Flash memory

Bit 7 6 5 4 3 2 1 0

‘ FWE ‘ SWE ‘ ESU ‘ PSU ‘ EV ‘ PV ‘ E ‘ P ‘
Initial value* 1 0 0 0 0 0 0 0
Read/Write R R/W* R/W?* R/W?* R/W* R/W* R/W?* R/W*

_ 1 ] | [

Program mode

0 | Program mode cleared
(Initial value)

N

Transition to program mode

Erase mode

0 | Erase mode cleared  (Initial value)

1 | Transition to erase mode

Program-verify mode

0 | Program-verify mode cleared (Initial value)

1 | Transition to program-verify mode

Erase-verify mode
0 | Erase-verify mode cleared  (Initial value)
1 | Transition to erase-verify mode

Program setup bit
0 | Program setup cleared (Initial value)
1 | Program setup

Erase setup bit
0 | Erase setup cleared (Initial value)

1| Erase setup

Software write enable bit
0 | Write disabled (Initial value)
1 | Write enabled

Flash write enable bit
0 | When a low level is input to the FWE pin (hardware protection state)
1 | When a high level is input to the FWE pin

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes 1, 2,
3, and 4 (on-chip flash memory disabled), this register cannot be modified and is always read

as H'FF.
H8/3048F-ONE Include this register
H8/3048B mask ROM version | Not include this register
H8/3048F
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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FLMCR2—Flash Memory Control Register 2 H'41 Flash memory

Bit 7 6 5 4 3 2 1 0
fer| 0 | 0 | o | 3o | o | o | o |

Initial value 0 0 0 0 0 0 0 0

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

Reserved bits

Flash memory error
0 | Flash memory is operating normally. Flash memory program/erase
protection (error protection) is disabled. (Initial value)

1 | This indicates that an error has occurred during flash memory
programming/erasing. Flash memory program/erase protection
(error protection) is enabled.

Note: Bits 6 to 0 are reserved bits but are readable/writable.

H8/3048F-ONE Include this register
H8/3048B mask ROM version| Not include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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EBR1—Erase Block Register 1 H'42 Flash memory
Bit 7 6 5 4 3 2 1 0

\ LB7 \ LB6 \ LB5 \ LB4 \ LB3 \ LB2 \ LB1 \ LBO \
Initial value™ 0 0 0 0 0 0 0 0
RIW RW* RW* RW" RW* RW' RW' RW' RW*

Large block 7 to 0
0 | Block LB7 to LBO is not selected (Initial value)
1| Block LB7 to LBO is selected

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes
1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified and is

always read as H'FF.

H8/3048F

Include this register

H8/3048F-ONE
H8/3048ZTAT

H8/3048B mask ROM version | Not include this register

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Rev. 2.0, 02/03, page 758 of 860

RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

EBR—Erase Block Register H'42 Flash memory

Bit 7 6 5 4 3 2 1 0

| EB7 | EB6 | EB5 | EB4 | EB3 | EB2 | EB1 | EBO |
Initial value™ 0 0 0 0 0 0 0 0
R/W RW*  RW* RW" RW' RW* RW* RW* RW*

Erase block specification bits (1)
0 | Erase protection state
1 | Erasable state

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip ROM enabled). In modes
1, 2, 3, and 4 (on-chip ROM disabled), this register cannot be modified and is
always read as H'00.

H8/3048F-ONE Include this register
H8/3048B mask ROM version | Not include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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EBR2—Erase Block Register 2 H'43 Flash memory

Bit 7 6 5 4 3 2 1 0
| sB7 | sB6 | sB5 | sB4 | sB3 | sB2 | SB1 | SBO |

Initial value™ 0 0 0 0 0 0 0 0

R/W RW* RW* RW* RW" RW* RW* RW* RW*

Small block 7 to 0
0 | Block SB7 to SBO is not selected (Initial value)
1 | Block SB7 to SBO is selected

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes
1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified and is
always read as H'FF.

H8/3048F Include this register

H8/3048B mask ROM version | Not include this register
H8/3048F-ONE
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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RAMCR—RAM Control Register H'47 Flash memory

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | RAMS | RAM2 | RAM1 | —

Modes Initial value 1 1 1 1 0 0 0 0

1t04 Read/Write — — — — R R R —

Modes | Initial value 1 1 1 1 0 0 0 0
5t07 | Read/Write — — — — R/W R/W R/W R/W

Reserved bits

RAM select, RAM2, RAM1

Bit 3 Bit2 | Bit1 .
RAMS | RAM2 | RAM1 RAM Area RAM Emulation Status
0 01 0N H’FFFO000 to H'FFF3FF | No emulation
1 0 0 H’000000 to H’'0003FF | Mapping RAM
1 H’000400 to H'0007FF
1 0 H’000800 to H’'000BFF
1 H’000CO00 to H'O00FFF

Note: Bits 7 to 4 are reserved and cannot be modified.
If data is written to these bits, normal operation is not guaranteed.
Bit 0 is a reserved bit but is readable/writable.

H8/3048F-ONE Include this register
H8/3048B mask ROM version| Not include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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RAMCR—RAM Control Register

H'48 Flash memory

Bit 7 6 5 4 3 2 1 0
| FLER \ 0 0 \ 0 \ RAMS \ RAM2 \ RAM1 \ RAMO |
Initial value 0 1 1 1 0 0 0 0
R/W CRW 0 0 0 RW RW RW RW
RAM select, RAM 2 to RAM 0
Bit3 | Bit2 | Bit1 | BitO
RAMS |RAM 2 | RAM 1|RAM 0| RAM Area
0 1/0 10 | 1/0 | HFFF000 to HFFF1FF
1 0 0 0 H’01F000 to H'01F1FF
1 H’01F200 to H'01F3FF
1 0 H’01F400 to H'01F5FF
1 H’01F600 to H'01F7FF
1 0 0 H’01F800 to H'01F9FF
1 H’01FA00 to H'01FBFF
1 0 H’01FCO00 to H'01FDFF
1 H'01FEQ0 to H'01FFFF

Flash memory error

0 | Flash memory is not write/erase-protected
(is not in error protect mode)

(Initial value)

1 | Flash memory is write/erase-protected
(is in error protect mode)

H8/3048F

Include this register

H8/3048B mask ROM version
H8/3048F-ONE
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Not include this register
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DASTCR—D/A Standby Control Register

Bit

Initial value
Read/Write

H'5C System control

7 6 5 4 3 2 1 0

ad O 0 O ‘ O ‘ O ‘ O ‘ DASTE ‘
1 1 1 1 1 1 1 0

d 0 0 0 O O g R/W

D/A standby enable

0 | D/A output is disabled in software standby mode (Initial value)

1

D/A output is enabled in software standby mode

DIVCR—Division Control Register H'SD System control
Bit 7 6 5 7 3 2 1 0
O | ‘ 0 ‘ O O ] ‘ DIV1 ‘ DIVO ‘
Initial value 1 1 1 1 1 1 0 0
Read/Write O d 0 O O O R/W R/W
\
Divide 1 and 0
Bit1 | BitO | Frequency
DIV1 | DIVO | Division Ratio
0 0 1/1  (Initial value)
1 1/2
1 0 |14
1 1/8
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MSTCR—Module Standby Control Register H'SE

5 4 3 2 1

System control

Bit 7
 PSTOP |

Initial value 0

Read/Write R/W —
I

0
| MSTOP5 | MSTOP4| MSTOP3 | MSTOP2 | MSTOP1 | MSTOPO |

0 0 0 0 0 0

RW RW RW RW RW RW

Module standby 0

0 | A/D converter operates normally

(Initial value)

1| A/D converter is in standby state

Module standby 1

0 | Refresh controller operates normally

(Initial value)

1 | Refresh controller is in standby state

Module standby 2

0

DMAC operates normally  (Initial value)

1

DMAC is in standby state

Module standby 3

0

SCI1 operates normally  (Initial value)

1

SCI1 is in standby state

Module standby 4

0 | SCIO operates normally (Initial value)

1| SCIO is in standby state

Module standby 5

0 | ITU operates normally (Initial value)

1| ITU is in standby state

¢ clock stop

0 | ¢ clock output is enabled (Initial value)

1| ¢ clock output is disabled
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CSCR—Chip Select Control Register H'SF System control

Bit 7 6 5 4 3 2 1 0
cs7E | cseE | cssE | cs¢E| o | o | o | o |
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W d d O O
Chip select 7 to 4 enable
Bit n
CSnE | Description
0 Output of chip select signal CSn is disabled (Initial value)
1 Output of chip select signal CSn is enabled
(n=7to04)

TSTR—Timer Start Register H'60 ITU (all channels)

Bit 7 6 5 4 3 2 1 0

‘ O ‘ O ‘ O ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write O O ad R/W R/W R/W R/W R/W

— ]

Counter start 0
0 | TCNTO is halted
1| TCNTO is counting

Counter start 1
0 | TCNT1 is halted
1| TCNT1 is counting

Counter start 2
0 | TCNT2is halted
1| TCNT2 is counting

Counter start 3
0 | TCNT3 is halted
1| TCNT3 is counting

Counter start 4
0 | TCNT4 is halted
1| TCNT4 is counting
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TSNC—Timer Synchro Register H'61 ITU (all channels)

Bit 7 6 5 4 3 2 1 0

‘ O ‘ 0 ‘ 0 ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNCH1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write d O O R/W R/W R/W R/W R/W

Timer sync 0
0 | TCNTO operates independently
1 | TCNTO is synchronized

Timer sync 1
0 | TCNT1 operates independently
1| TCNT1 is synchronized

Timer sync 2
0 | TCNT2 operates independently
1| TCNT2 is synchronized

Timer sync 3
0 | TCNT3 operates independently
1 | TCNT3 is synchronized

Timer sync 4
0 | TCNT4 operates independently
1 | TCNT4 is synchronized
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TMDR—Timer Mode Register H'62 ITU (all channels)
Bit 7 6 5 4 3 2 1 0
‘ O ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write ad R/W R/W R/W R/W R/W R/W R/W
—
PWM mode 0
0 | Channel 0 operates normally
1| Channel 0 operates in PWM mode
PWM mode 1
0 | Channel 1 operates normally
1| Channel 1 operates in PWM mode
PWM mode 2
0 | Channel 2 operates normally
1 | Channel 2 operates in PWM mode
PWM mode 3
0 | Channel 3 operates normally
1 | Channel 3 operates in PWM mode
PWM mode 4
0 | Channel 4 operates normally
1 | Channel 4 operates in PWM mode
Flag direction
0 | OVF is setto 1 in TSR2 when TCNT2 overflows or underflows
1| OVF is setto 1 in TSR2 when TCNT2 overflows

Phase counting mode flag

0 | Channel 2 operates normally

1 | Channel 2 operates in phase counting mode

RENESAS
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TFCR—Timer Function Control Register

H'63 ITU (all channels)

Bit 7 6 5 4 3 2 1 0

‘ ad ‘ O ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write ad O R/W R/W R/W R/W R/W R/W

Buffer mode A3
0 | GRAS3 operates normally
1 | GRAS is buffered by BRA3

Buffer mode B3

0 | GRB3 operates normally

1

GRB3 is buffered by BRB3

Buffer mode A4

0 | GRA4 operates normally

1| GRA4 i

s buffered by BRA4

Buffer mode B4

0 | GRB4 operates normally

1 | GRB4 is buffered by BRB4

Combination mode 1 and 0

Bit5 | Bit4
CMD1|CMDO| Operating Mode of Channels 3 and 4
0 0 Channels 3 and 4 operate normally

Channels 3 and 4 operate togethe

r in complementary PWM mode

1
0
1

Channels 3 and 4 operate togethe

r in reset-synchronized PWM mode
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TCRO—Timer Control Register 0 H'64 ITUO

Bit 7 6 5 4 3 2 1 0
| O | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value 1 0 0 0 0 0 0 0
Read/Write 0 RW RW RW RW RW RW RW
]

Timer prescaler2to 0
Bit2 | Bit1 | Bit0
TPSC2|TPSC1|TPSCO| TCNT Clock Source
0 0 0 Internal clock: @

Internal clock: @2

Internal clock: @/4

Internal clock: ¢/8

External clock A: TCLKA input
External clock B: TCLKB input
External clock C: TCLKC input
External clock D: TCLKD input

-
o
Ao |OlmlOo|—~

Clock edge 1 and 0
Bit4 | Bit3
CKEG1/CKEGO| Counted Edges of External Clock
0 0 Rising edges counted
1 Falling edges counted
1 Both edges counted

Counter clear 1 and 0
Bit6 | Bit5
CCLR1|CCLRO| TCNT Clear Source
0 0 TCNT is not cleared
1 TCNT is cleared by GRA compare match or input capture
1 0 TCNT is cleared by GRB compare match or input capture
1

Synchronous clear: TCNT is cleared in synchronization
with other synchronized timers
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TIOR0—Timer I/0 Control Register 0 H'65 ITUO
Bit 7 6 5 4 3 2 1 0
‘ O ‘ 10B2 ‘ 10B1 ‘ IOBO ‘ O ‘ I0A2 ‘ IOA1 ‘ IOA0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write O R/W R/W R/W | R/W R/W R/W

1/0 control A2 to A0

Bit2 | Bit1 | Bit0
IOA2 | IOA1 | IOAO | GRA Function
0 0 0 GRA is an output | No output at compare match
1 | compare register | g output at GRA compare match
1 0 1 output at GRA compare match
1 Output toggles at GRA compare match
1 0 0 GRAis an input | GRA captures rising edge of input
1 | capture register | GRA captures falling edge of input
1 0 GRA captures both edges of input
1
1/0 control B2 to B0
Bit6 | Bit5 | Bit4
IOB2 | I0B1 | IOBO | GRB Function
0 0 0 GRB is an output | No output at compare match
1 | compare register | g oytput at GRB compare match
1 0 1 output at GRB compare match
1 Output toggles at GRB compare match
1 0 0 GRB s aninput | GRB captures rising edge of input
1 | captureregister | GRB captures falling edge of input
1 0 GRB captures both edges of input
1
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TIERO—Timer Interrupt Enable Register 0 H'66 ITUO

Bit 7 6 5 4 3 2 1 0
‘ O ‘ 0 ‘ 0 ‘ 0 ‘ O ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
a a a 0 0 R/W R/W R/W

Read/Write

Input capture/compare match interrupt enable A
0 | IMIA interrupt requested by IMFA flag is disabled
1 | IMIA interrupt requested by IMFA flag is enabled

Input capture/compare match interrupt enable B
0 | IMIB interrupt requested by IMFB flag is disabled
1 | IMIB interrupt requested by IMFB flag is enabled

Overflow interrupt enable
0 | OVl interrupt requested by OVF flag is disabled

1 | OVl interrupt requested by OVF flag is enabled
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TSRO—Timer Status Register 0

Bit

H'67 ITUO

2 1 0

Initial value
Read/Write

7

0|
1

O

0 0 0
RIW):  RIAW)*  RI(W)*

O (O (o
D_\DL

3

O ‘ OVF ‘ IMFB ‘ IMFA ‘
1

O

O |0 o

Input capture/compare match flag B

Input capture/compare match flag A

0 | [Clearing condition]
Read IMFA when IMFA = 1, then write 0 in IMFA

1 | [Setting conditions]
TCNT = GRA when GRA functions as an output compare

register.
TCNT value is transferred to GRA by an input capture

signal, when GRA functions as an input capture register.

0

[Clearing condition]
Read IMFB when IMFB = 1, then write 0 in IMFB

[Setting conditions]

TCNT = GRB when GRB functions as an output compare
register.

TCNT value is transferred to GRB by an input capture
signal, when GRB functions as an input capture register.

Overflow flag

0

[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

[Setting condition]
TCNT overflowed from H'FFFF to H'0000 or
underflowed from H'0000 to H'FFFF

Note: * Only 0 can be written, to clear the flag.
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TCNTO0 H/L—Timer Counter 0 H/L H'68, H'69 ITUO

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

o o o o0 o0 O o o o o o o o o o o

Initial value
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/'W R/W RIW R/IW R/W R/W R/W
Up-counter
GRAO H/L—General Register A0 H/L H'6A, H'6B ITUO
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1

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

Output compare or input capture register

GRB0 H/L—General Register B0 H/L H'6C, H'6D ITUO

Bit %5 14 13 12 11 10 9 8 7 6 &5 4 3 2 1 0

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

Initial value

Output compare or input capture register

TCR1—Timer Control Register 1 H'6E ITU1
Bit 7 6 5 4 3 2 1 0
‘ O ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write O R/W R/wW R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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TIOR1—Timer I/0 Control Register 1 H'6F ITU1

Bit 7 6 5 4 3 2 1 0
‘ O ‘ 10B2 ‘ 10B1 ‘ I0B0 ‘ O ‘ I0A2 ‘ IOA1 ‘ IOAOQ ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write O R/W R/W R/W ad R/W R/W R/W
Note: Bit functions are the same as for ITUO.
TIER1—Timer Interrupt Enable Register 1 H'70 ITU1
Bit 7 6 5 4 3 2 1 0
‘ O ‘ O ‘ O ‘ O ‘ O ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write O O O ad ad R/W R/W R/W
Note: Bit functions are the same as for ITUO.
TSR1—Timer Status Register 1 H'71 ITU1
Bit 7 6 5 4 3 2 1 0
‘ ] ‘ O ‘ O ‘ ad ‘ O ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write O O O ad ad R/(W)*  R/(W)* R/(W)*
Notes: Bit functions are the same as for ITUO.
* Only 0 can be written, to clear the flag.
TCNT1 H/L—Timer Counter 1 H/L H'72, H'73 ITU1
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value o o o o o0 o0 o0 o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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GRA1 H/L—General Register A1 H/L H'74, H'75 ITU1

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW R/IW R/W R/W R/W R/W

Initial value
Read/Write

Note: Bit functions are the same as for ITUO.

GRB1 H/L—General Register B1 H/L H'76, H'77 ITU1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial valve 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TCR2—Timer Control Register 2 H'78 ITU2
Bit 7 6 5 4 3 2 1 0
‘ O ‘ CCLR1 ‘ CCLRO ‘ CKEGH1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write O R/W R/W R/W R/W R/W R/W R/W

Notes: 1. Bit functions are the same as for ITUO.
2. When channel 2 is used in phase counting mode, the counter clock source selection by

bits TPSC2 to TPSCO is ignored.
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TIOR2—Timer I/0 Control Register 2

H'79 ITU2

2 1 0

Bit 7 6 5 4 3
‘ O ‘ 10B2 ‘ 10B1 ‘ I0B0O ‘ ad ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write a R/W R/W R/W ad R/W R/W R/W
Note: Bit functions are the same as for ITUO.
TIER2—Timer Interrupt Enable Register 2 H'7A ITU2
Bit 7 6 5 4 3 2 1 0
‘ ] ‘ O ‘ ad ‘ g ‘ g ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write | O O ad a R/W R/W R/W
Note: Bit functions are the same as for ITUO.
TSR2—Timer Status Register 2 H'7B ITU2
Bit 7 6 5 4 3 2 1 0
‘ O ‘ O ‘ O ‘ O ‘ O ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write a O O ad a R/(W)*  R/(W)* R/(W)*

Notes: Bit functions are the same as for ITUO.
* Only 0 can be written, to clear the flag.

Overflow flag

The function is the same as ITUO.

0

[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF.

[Setting condition]
The TCNT value overflows (from H'FFFF to H’0000)

or underflows (from H’0000 to H’FFFF)
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TCNT2 H/L—Timer Counter 2 H/L H'7C, H'7D ITU2

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

Initial value o o o 0 0 0 0o 0 0 O O O O o0 o0 oO
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Phase counting mode: up/down counter

Other modes: up-counter
GRA2 H/L—General Register A2 H/L H'7E, H'7F ITU2
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

Note: Bit functions are the same as for ITUO.

GRB2 H/L—General Register B2 H/L H'80, H'81 ITU2

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

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

Note: Bit functions are the same as for ITUO.
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TCR3—Timer Control Register 3 H'82 ITU3

Bit 7 6 5 4 3 2 1 0

‘ O ‘ CCLR1 ‘ CCLRO ‘ CKEGH1 ‘ CKEGO ‘ TPSC2 ‘ TPSCA1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write O R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIOR3—Timer I/0 Control Register 3 H'83 ITU3
Bit 7 6 5 4 3 2 1 0
‘ O ‘ 10B2 ‘ I0B1 ‘ 10BO ‘ O ‘ I0A2 ‘ I0A1 ‘ IOAO ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write O R/IW R/W R/W O R/W R/W R/wW
Note: Bit functions are the same as for ITUO.
TIER3—Timer Interrupt Enable Register 3 H'84 ITU3
Bit 7 6 5 4 3 2 1 0
‘ O ‘ O ‘ O ‘ O ‘ ] ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write O g g g a R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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TSR3—Timer Status Register 3 H'85 ITU3

Bit 7 6 5 4 3 2 1 0
‘ O ‘ ad ‘ d ‘ O ‘ O ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write O ad ad O O R/(W)*  R/(W)* R/(W)*
Bit functions are the
Overflow flag same as for ITUO

0 | [Clearing condition]

Read OVF when OVF = 1, then write 1 in OVF

1 | [Setting condition]

TCNT overflowed from H'FFFF to H'0000 or underflowed from
H’0000 to H'FFFF

Note: * Only 0 can be written, to clear the flag.

TCNT3 H/L—Timer Counter 3 H/L H'86, H'87 ITU3
Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initalvane 0 0 O0 O O O O O O O O O O 0 o0 O
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Complementary PWI\/‘I mode: up/down counter
Other modes: up-counter

GRA3 H/L—General Register A3 H/L H'88, H'89 ITU3
Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initialvaloe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

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

Output compare or input capture register (can be buffered)
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GRB3 H/L—General Register B3 H/L H'S8A, H'SB ITU3

Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Output compare or input capture register (can be buffered)

BRA3 H/L—Buffer Register A3 H/L H'8C, H'8D ITU3

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

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

Used to buffer GRA

BRB3 H/L—Buffer Register B3 H/L H'S8E, H'SF ITU3

Bit %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

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

Used to buffer GRB
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TOER—Timer Output Enable Register H'90 ITU (all channels)

Bit 7 6 5 4 3 2 1 0

‘ O ‘ ad ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write O ad R/W R/W R/W R/W R/W R/W

Master enable TIOCA3
0 | TIOCA3 output is disabled regardless of TIOR3, TMDR, and TFCR settings

1| TIOCA3 is enabled for output according to TIOR3, TMDR, and TFCR settings

Master enable TIOCA4
0 | TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings

1| TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR settings

Master enable TIOCB4
0 | TIOCB4 output is disabled regardless of TIOR4 and TFCR settings

1 | TIOCB, is enabled for output according to TIOR4 and TFCR settings

Master enable TIOCB3
0 | TIOCB3 output is disabled regardless of TIOR3 and TFCR settings

1 | TIOCBg is enabled for output according to TIOR3 and TFCR settings

Master enable TOCXA4
0 | TOCXA, output is disabled regardless of TFCR settings

1| TOCXA, is enabled for output according to TFCR settings

Master enable TOCXB4
0 | TOCXB,4 output is disabled regardless of TFCR settings

1 | TOCXB, is enabled for output according to TFCR settings
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TOCR—Timer Output Control Register H'91 ITU (all channels)

Bit 7 6 5 4 3 2 1 0
‘ O ‘ O ‘ 0 ‘ XTGD ‘ O ‘ O ‘ OLS4 ‘ OLS3 ‘
Initial value 1 1 1 1 1 1 1 1
O O 0 R/W O O R/W R/W

Read/Write

\
Output level select 3
0 | TIOCB3, TOCXA4, and TOCXB4 outputs are inverted

1| TIOCB3, TOCXA4, and TOCXB4 outputs are not inverted

Output level select 4
0 | TIOCA3, TIOCA4, and TIOCB4 outputs are inverted

1| TIOCA3, TIOCA4, and TIOCB,4 outputs are not inverted

External trigger disable
0 | Input capture A in channel 1 is used as an external trigger signal in
reset-synchronized PWM mode and complementary PWM mode*

1 | External triggering is disabled

Note: * When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling ITU

output.
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TCR4—Timer Control Register 4 H'92 ITU4

Bit 7 6 5 4 3 2 1 0

‘ O ‘ CCLR1 ‘ CCLRO ‘ CKEGH1 ‘ CKEGO ‘ TPSC2 ‘ TPSCA1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write O R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIOR4—Timer I/O Control Register 4 H'93 ITU4
Bit 7 6 5 4 3 2 1 0
‘ O ‘ 10B2 ‘ 10B1 ‘ I0B0 ‘ O ‘ I0A2 ‘ I0A1 ‘ IOAOQ ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write O R/W R/W R/W ad R/W R/W R/W
Note: Bit functions are the same as for ITUO.
TIER4—Timer Interrupt Enable Register 4 H'94 ITU4
Bit 7 6 5 4 3 2 1 0
‘ O ‘ O ‘ O ‘ O ‘ O ‘ QOVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write O 0 0 O O R/W R/W R/W
Note: Bit functions are the same as for ITUO.
TSR4—Timer Status Register 4 H'95 ITU4
Bit 7 6 5 4 3 2 1 0
‘ O ‘ 0 ‘ 0 ‘ 0O ‘ 0O ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write O O O O d R/(W)*  R/(W)* R/(W)*

Notes: Bit functions are the same as for ITUO.
* Only 0 can be written, to clear the flag.
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TCNT4 H/L—Timer Counter 4 H/L H'96, H'97 ITU4

Bit %5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Initial value o o o o o o0 o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.

GRA4 H/L—General Register A4 H/L H'98, H'99 ITU4

Bit %5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

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

Note: Bit functions are the same as for ITU3.

GRB4 H/L—General Register B4 H/L H'9A, H'9B ITU4

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

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

Note: Bit functions are the same as for ITU3.

BRA4 H/L—Buffer Register A4 H/L H'9C, H'9D ITU4

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 O

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

Note: Bit functions are the same as for ITU3.
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BRB4 H/L—Buffer Register B4 H/L H'9E, H'9F ITU4

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

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

Note: Bit functions are the same as for ITU3.

TPMR—TPC Output Mode Register H'A0 TPC
Bit 7 6 5 4 3 2 1 0
O ‘ 0 ‘ 0 ‘ O ‘ G3NOV ‘ G2NOoV ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write O 0 0 O R/W R/W R/W R/W

Group 0 non-overlap

0 | Normal TPC output in group 0

Output values change at compare match A in the selected ITU channel
1 | Non-overlapping TPC output in group 0, controlled by compare match
A and B in the selected ITU channel

Group 1 non-overlap

0 | Normal TPC output in group 1

Output values change at compare match A in the selected ITU channel
1 | Non-overlapping TPC output in group 1, controlled by compare match
A and B in the selected ITU channel

Group 2 non-overlap

0 | Normal TPC output in group 2
Output values change at compare match A in the selected ITU channel

1 | Non-overlapping TPC output in group 2, controlled by compare match
A and B in the selected ITU channel

Group 3 non-overlap

0 | Normal TPC output in group 3
Output values change at compare match A in the selected ITU channel

1 | Non-overlapping TPC output in group 3, controlled by compare match
A and B in the selected ITU channel
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TPCR—TPC Output Control Register H'Al TPC

Bit 7 6 5 4 3 2 1 0
G3CMS1/G3CMS0| G2CMS 1/ G2CMS0| G1CMS1/G1CMS0| GOCMS1|GOCMS0

Initial value 1 1 1 1 1 1 1 1

ReadWrite = RW RW RW RW RW RW RW  RW

\
Group 0 compare match select 1 and 0
Bit 1 Bit0
GOCMS1|GOCMSO| ITU Channel Selected as Output Trigger
0 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU channel 0
1 TPC output group 0 (TP3 to TP) is triggered by compare match in ITU channel 1
1 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU channel 2
1 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU channel 3
Group 1 compare match select 1 and 0
Bit 3 Bit 2
G1CMS1|G1CMS0| ITU Channel Selected as Output Trigger
0 0 TPC output group 1 (TP to TP,) is triggered by compare match in ITU channel 0
1 TPC output group 1 (TP to TP,) is triggered by compare match in ITU channel 1
1 0 TPC output group 1 (TP to TP,) is triggered by compare match in ITU channel 2
1 TPC output group 1 (TP to TP,) is triggered by compare match in ITU channel 3
Group 2 compare match select 1 and 0
Bit5 Bit 4
G2CMS1|G2CMS0| ITU Channel Selected as Output Trigger
0 0 TPC output group 2 (TP44 to TPg) is triggered by compare match in ITU channel 0
1 TPC output group 2 (TP44 to TPg) is triggered by compare match in ITU channel 1
1 0 TPC output group 2 (TP44 to TPg) is triggered by compare match in ITU channel 2
1 TPC output group 2 (TP44 to TPg) is triggered by compare match in ITU channel 3
Group 3 compare match select 1 and 0
Bit 7 Bit 6
G3CMS1|G3CMS0| ITU Channel Selected as Output Trigger
0 0 TPC output group 3 (TP45 to TPy») is triggered by compare match in ITU channel 0
1 TPC output group 3 (TP45 to TP,») is triggered by compare match in ITU channel 1
1 0 TPC output group 3 (TP5 to TPyy) is triggered by compare match in ITU channel 2
1 TPC output group 3 (TP5 to TPy») is triggered by compare match in ITU channel 3
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NDERB—Next Data Enable Register B H'A2 TPC

Bit 7 6 5 4 3 2 1 0
‘NDER‘I5‘NDER14‘ NDER13‘ NDER12‘NDER‘I1 ‘NDER‘IO‘ NDER9 ‘ NDERS ‘
Initial value 0 0 0 0 0 0 0 0

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

\
Next data enable 15 to 8

Bits 7 to 0
NDER15 to NDERS8 | Description
0 TPC outputs TP45 to TPg are disabled
(NDR15 to NDRS8 are not transferred to PB; to PBy)
1 TPC outputs TP¢5 to TPg are enabled
(NDR15 to NDRS8 are transferred to PB7 to PBy)
NDERA—Next Data Enable Register A H'A3 TPC
Bit 7 6 5 4 3 2 1 0
‘ NDER7 ‘ NDERG6 ‘ NDERS ‘ NDER4 ‘ NDERS3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7 to 0

Bits 7 to 0
NDERY7 to NDERO | Description
0 TPC outputs TP; to TPy are disabled
(NDR?7 to NDRO are not transferred to PA 7 to PAg)
1 TPC outputs TP to TPy are enabled
(NDR7 to NDRO are transferred to PA 7 to PAg)
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NDRB—Next Data Register B H'A4/H'A6 TPC

Same trigger for TPC output groups 2 and 3

O Address HFFA4

Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDRS8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Store the next output data for Store the next output data for
TPC output group 3 TPC output group 2

O Address HFFA6

Bit 7 6 5 4 3 2 1 0
oo fofo oo |o o]

Initial value 1 1 1 1 1 1 1 1

Read/Write a 0 0 O O a ad a

Different triggers for TPC output groups 2 and 3

O Address HFFA4

Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ O O d ad
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W O O O d
Store the next output data for
TPC output group 3
[0 Address HFFA6
Bit 7 6 5 4 3 2 1 0
O ‘ O ad O ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDRS8
Initial value 1 1 1 1 0 0 0 0
Read/Write O O O O R/W R/W R/W R/W

Store the next output data for
TPC output group 2
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NDRA—Next Data Register A H'AS/H'A7 TPC

* Same trigger for TPC output groups 0 and 1

0 Address HFFA5S

Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0

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

Store the next output data for Store the next output data for
TPC output group 1 TPC output group 0

O Address HFFA7

Bit 7 6 5 4 3 2 1 0
0 ‘ O O O O 0 O O
Initial value 1 1 1 1 1 1 1 1
Read/Write O O O O O a O O
¢ Different triggers for TPC output groups 0 and 1
0 Address HFFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ ad ‘ d ‘ O ‘ O
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W O 0 O ad
Store the next output data for
TPC output group 1
0 Address HFFA7
Bit 7 6 5 4 3 2 1 0
O ‘ O O O ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write O O O O R/W R/W R/W R/W

Store the next output data for
TPC output group 0
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TCSR—Timer Control/Status Register H'A8 WDT
Bit 7 6 5 4 3 2 1 0
‘ OVF ‘ WT/IT ‘ TME ‘ O ad ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write R/(W)* R/W R/W O ad R/W R/W R/W
— |
\
Timer enable Clock select 2 to 0
0 | Timer disabled 0 0 0 @2
TCNT is initialized to H’'00 and halted 1 @32
1 | Timer enabled 1 0 @64
TCNT is counting 1 @128
CPU interrupt requests are enabled 1 0 0 @256
Timer mode select 1 9512
0 | Interval timer: requests interval timer interrupts 1 0 @2048
1 | Watchdog timer: generates a reset signal 1 @4096
Overflow flag

0

[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

[Setting condition]

TCNT changes from H'FF to H'00

Note: * Only 0 can be written, to clear the flag.
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TCNT—Timer Counter H'A9 (read), WDT

H'AS8 (write)
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
|
Count value
RSTCSR—Reset Control/Status Register H'AB (read), WDT
H'AA (write)
Bit 7 6 5 4 3 2 1 0
WRsT |RsTOE|, — | — | — | — | — | — |
Initial value 0 0 1 1 1 1 1 1

Read/Write R/(W)* R/W — — — — — —
|

Reset output enable
0 | External output of reset signal is disabled
1 | External output of reset signal is enabled

Watchdog timer reset

0 | [Clearing conditions]

+ Reset signal input at RES pin

* When WRST="1", write "0" after reading WRST flag
1 | [Setting condition]

TCNT overflow generates a reset signal

Note: * Only 0 can be written in bit 7, to clear the flag.

H8/3048F-ONE Not include this register
H8/3048B mask ROM version| Include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Rev. 2.0, 02/03, page 791 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

RSTCSR—Reset Control/Status Register H'AB (read), WDT
H'AA (write)
Bit 7 6 5 4 3 2 1 0
west | — | — | — | — = | = =]
Initial value 0 0 1 1 1 1 1 1
Read/Write R/(W)*t  —*2 — — — — — —

oo

Watchdog timer reset

0 | [Clearing conditions]

* Reset signal input at RES pin
* When WRST = 1, write 0 after reading WRST flag

1 | [Setting condition]

TCNT overflow generates a reset signal

Notes: *1 Only 0 can be written in bit 7, to clear the flag.
*2 Bit 6 must not be set to 1; in a write, 0 must always be written in this bit.

H8/3048F-ONE

Include this register

H8/3048B mask ROM version
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Not include this register
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RFSHCR—Refresh Control Register H'AC  Refresh controller

Bit 7 6 5 4 3 2 1 0
‘ SRFMD ‘PSRAME‘ DRAME ‘CAS/W‘ M9/M8 ‘ RFSHE ‘ — ‘ RCYCE ‘
Initial value 0 0 0 0 0 0 1 0
Read/Write R/W R/W R/W R/W R/W R/W — R/W
] ‘ T

\
Refresh cycle enable

0 | Refresh cycles are disabled
1 | Refresh cycles are enabled for area 3

Refresh pin enable
0 | Refresh signal output at the RFSH pin is disabled
1 | Refresh signal output at the RFSH pin is enabled

Address multiplex mode select
0 | 8-bit column mode
1| 9-bit column mode

Strobe mode select

0| 2 WE mode
1| 2 CAS mode
PSRAM enable, DRAM enable
Bit 6 Bit 5
PSRAME | DRAME | RAM Interface
0 0 Can be used as an interval timer
(DRAM and PSRAM cannot be
directly connected)
1 DRAM can be directly connected
1 0 PSRAM can be directly connected
1 lllegal setting

Self-refresh mode
0 | DRAM or PSRAM self-refresh is disabled in software standby mode
1 | DRAM or PSRAM self-refresh is enabled in software standby mode
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RTMCSR—Refresh Timer Control/Status Register H'AD  Refresh controller

Bit 7 6 5 4 3 2 1 0
| CMF | CME | Ccks2 | cKst | ckso | 0 | o | o |
Initial value 0 0 0 0 0 1 1 1
O 0 0

Read/Write R/(W)* R/W R/W R/W R/W

Clock select2to 0

Bit5 | Bit4 | Bit3
CKS2 | CKS1| CKSO0 | Counter Clock Source
0 0 0 Clock input is disabled
1 @2
1 0 @8
1 @32
1 0 0 @128
1 @512
1 0 @2048
1 @4096

Compare match interrupt enable
0 | The CMI interrupt requested by CMF is disabled
1 | The CMI interrupt requested by CMF is enabled

Compare match flag

0 | [Clearing condition]

Read CMF when CMF = 1, then write 0 in CMF
1 | [Setting condition]

RTCNT = RTCOR

Note: * Only 0 can be written, to clear the flag.
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RTCNT—Refresh Timer Counter H'AE Refresh controller
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Count‘ value

RTCOR—Refresh Time Constant Register H'AF Refresh controller
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Count‘ value

RENESAS
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SMR—Serial Mode Register H'B0 SCI0
Bit 7 6 5 7 3 2 1 0
CRorGMY CHR | PE | O/E | STOP | MP | CKS1 | CKSO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
]

Clock select 1 and 0

Bit1 | Bit0
CKS1 | CKSO0 | Clock Source
0 0 ¢ clock
Multiprocessor mode 1 ¢/4 clock
0 | Multiprocessor function disabled 1 0 $/16 clock
1 | Multiprocessor format selected 1 $/64 clock

Stop bit length

0 | One stop bit

1| Two stop bits

Parity mode

0

Even parity

1

Odd parity

Parity enable

0

Parity bit is not added or checked

1

Parity bit is added and checked

Character length

0 | 8-bit data

1| 7-bit data

Communication mode
(when using a serial communication interface)

0 | Asynchronous mode

1 | Synchronous mode

GSM mode (when using a smart card interface)

0 | Regular smart card interface operation

1 | GSM mode smart card interface operation

Note: * The function of this bit differs for the normal serial communication interface and
for the smart card interface. Its function is switched with the SMIF bit in SCMR.
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BRR—Bit Rate Register H'B1 SCI0

Bit ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Serial communication bit rate setting
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SCR—Serial Control Register

H'B2 SCI0

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock enable 1 and 0

Bit1 | BitO

CKE1|CKEO| Clock Selection and Output

0 0 | Asynchronous mode | Internal clock, SCK pin available for generic 1/O

Synchronous mode | Internal clock, SCK pin used for serial clock output

1 Asynchronous mode | Internal clock, SCK pin used for clock output

Synchronous mode | Internal clock, SCK pin used for serial clock output

1 0 | Asynchronous mode | External clock, SCK pin used for clock input

Synchronous mode | External clock, SCK pin used for serial clock input

1 | Asynchronous mode | External clock, SCK pin used for clock input

Synchronous mode | External clock, SCK pin used for serial clock input

Transmit-end interrupt enable

0 | Transmit-end interrupt requests (TEIl) are disabled

1 | Transmit-end interrupt requests (TEI) are enabled

Multiprocessor interrupt enable

0 | Multiprocessor interrupts are disabled (normal receive operation)

1 | Multiprocessor interrupts are enabled

Transmit enable

Receive enable
0 | Receiving is disabled

0 | Transmitting is disabled

1 | Receiving is enabled

1 | Transmitting is enabled

Receive interrupt enable

0 | Receive-data-full (RXI) and receive-error (ERI) interrupt requests are disabled

1 | Receive-data-full (RXI) and receive-error (ERI) interrupt requests are enabled

Transmit interrupt enable

0 | Transmit-data-empty interrupt request (TXI) is disabled

1 | Transmit-data-empty interrupt request (TXI) is enabled
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TDR—Transmit Data Register H'B3 SCI0
Bit 7 6 5 4 2 1 0
Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W

Serial transmit data

RENESAS
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SSR—Serial Status Register H'B4 SCI0
Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘FER/ERS‘ PER ‘ TEND ‘ MPB ‘ MPBT
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R R R/W

R/(W)*
J

| ]

Multiprocessor bit

Multiprocessor bit transfer

0 | Multiprocessor bit value in 0
receive data is 0

Multiprocessor bit value in
transmit data is 0

1 | Multiprocessor bit value in 1
receive data is 1

Multiprocessor bit value in
transmit data is 1

Parity error

Transmit end

0 | [Clearing conditions]
Reset or transition to standby mode.

in PER.

Read PER when PER = 1, then write 0

0

[Clearing conditions]

Read TDRE when TDRE = 1, then write 0 in TDRE.

The DMAC writes data in TDR.

1 | [Setting condition]

Parity error: (parity of receive data does
not match parity setting O/E bit in SMR)

[Setting conditions]

Reset or transition to standby mode.

TE is cleared to 0 in SCR and FER/ERS is
cleared to 0.

TDRE is 1 when last bit of 1-byte serial character
is transmitted.

Framing error (for SCI0)

Error signal status (for smart card interface)

0

0 | [Clearing conditions]
Reset or transition to standby mode.

Read FER when FER = 1, then write 0 in FER.

[Clearing conditions]

Reset or transition to standby mode.
Read ERS when ERS = 1, then write 0 in ERS.

1 | [Setting condition]
Framing error (stop bit is 0)

[Setting condition]
A low error signal is received.

Receive data register full

0

[Clearing conditions]

Reset or transition to standby mode.

Read RDRF when RDRF = 1, then write 0 in
RDRF.

The DMAC reads data from RDR.

[Setting condition]
Serial data is received normally and transferred
from RSR to RDR

Transmit data register empty

0 | [Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE.
The DMAC writes data in TDR.

1 | [Setting conditions]

Reset or transition to standby mode.

TEis 0in SCR

Data is transferred from TDR to TSR, enabling new
data to be written in TDR.

Note: *Only 0 can be written, to clear the flag.
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RDR—Receive Data Register H'BS SCI0
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R

Serial receive data

SCMR—Smart Card Mode Register H'B6 SCI0
Bit 7 6 5 4 3 2 1 0
O ‘ O 0 O ‘ SDIR ‘ SINV ‘ O ‘ SMIF ‘
Initial value 1 1 1 1 0 0 1 0
Read/Write O O 0 O R/W R/W O R/W

Smart card interface mode select
0 | Smart card interface function is disabled (Initial value)

1 | Smart card interface function is enabled

Smart card data invert
0 | Unmodified TDR contents are transmitted (Initial value)
Received data is stored unmodified in RDR

1 | Inverted TDR contents are transmitted
Received data are inverted before storage in RDR

Smart card data transfer direction
0 | TDR contents are transmitted LSB-first  (Initial value)
Received data is stored LSB-first in RDR

1| TDR contents are transmitted MSB-first
Received data is stored MSB-first in RDR
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SMR—Serial Mode Register H'B8 SCIl

Bit 7 6 5 4 3 2 1 0

| CA | CHR | PE | O/E | STOP | MP | CKS1 | CKSO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.

BRR—Bit Rate Register H'B9 SC11
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.

SCR—Serial Control Register H'BA SC11
Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKEA1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for SCIO.
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TDR—Transmit Data Register H'BB SC11

Bit 7 6 5 4 3 2 1 0
Initial value ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for SCIO.

SSR—Serial Status Register H'BC SC11
Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Notes: Bit functions are the same as for SCIO0.
* Only 0 can be written, to clear the flag.

RDR—Receive Data Register H'BD SC11
Bit 7 6 5 4 3 2 1 0
Initial value ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘
Read/Write R R R R R R

Note: Bit functions are the same as for SCIO.
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Port 1

P1DDR—Port 1 Data Direction Register H'CO
Bit 7 6 5 4 3 2 1 0
‘P17DDR‘ P16DDR‘ P15DDR‘ P14DDR‘ P13DDR‘P12DDR‘ P14 DDR‘P‘IODDR‘
Modes| Initial value 1 1 1 1 1 1 1 1
104 | Read/Write O O O 0 0 O O O
Modes| Initial value 0 0 0 0 0 0 0 0
S107 | ReadMWrite W w w w w w w w
Port 1 input/output select
0 | Generic input pin
1 | Generic output pin
P2DDR—Port 2 Data Direction Register H'C1 Port 2
6 5 4 3 2 1 0

Bit 7

‘P27 DDR‘ P26 DDR‘ P25 DDR‘ P24DDR‘ P2; DDR‘PZZ DDR‘ P2, DDR‘ P2y DDR‘

1

1

Modes{ Initial value 1
Tto4 Read/Write 0O
Modes{ Initial value 0
5107 | Read/Write W

1

1 1 1

1

O O O O O O O
0 0 0 0 0 0 0
w w W w w w w

Port 2 input/output select

0 | Generic input pin
1 | Generic output pin
P1DR—Port 1 Data Register H'C2 Port1
Bit 7 6 5 4 3 2 1 0
‘ P17 ‘ P1g ‘ P15 ‘ P14 ‘ P13 ‘ P1, ‘ P14 ‘ P1o ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
|
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P2DR—Port 2 Data Register H'C3 Port 2

Bit 7 6 5 4 3 2 1 0

‘ P2, ‘ P2¢ ‘ P25 ‘ P2, ‘ P24 ‘ P2, ‘ P2, ‘ P2 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port 2 pins

P3DDR—Port 3 Data Direction Register H'C4 Port 3
Bit 7 6 5 4 3 2 1 0
‘P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR‘ P32DDR‘ P31DDR‘ P30DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 3 input/output select
0 | Generic input pin
1 | Generic output pin

P4DDR—Port 4 Data Direction Register H'C5 Port 4
Bit 7 6 5 4 3 2 1 0
‘P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P43DDR‘ P42DDR‘ P41DDR‘ P40DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 4 input/output select
0 | Generic input pin
1 | Generic output pin
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P3DR—Port 3 Data Register

H'Cé6 Port 3

Bit 7 6 5 4 3 2 1 0
‘ P37 ‘ P3¢ P35 ‘ P34 ‘ P33 ‘ P35, P34 P3g ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W

R/W R/W R/W R/W R/W R/W

Data for port 3 pins

P4DR—Port 4 Data Register H'C7 Port 4
Bit 7 6 5 4 3 2 1 0

‘ P4, ‘ P4g P45 ‘ P44 ‘ P4 3 ‘ P4, P44 P4, ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W

R/W R/W R/W R/W R/W R/W

Data for port 4 pins

PSDDR—Port 5 Data Direction Register H'C8 Port S
Bit 7 6 5 4 3 2 1 0
g g g O ‘P53DDR‘P52DDR‘ P51DDR‘ P50DDR‘
Modes{ Initial value 1 1 1 1 1 1 1 1
104 | Read/Write 0O 0 0 0 0 0 0 0
Modes{ Initial value 1 1 1 1 0 0 0 0
5107 | Read/Write [ 0 0 0 w w w w
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P6DDR—Port 6 Data Direction Register H'C9 Port 6

Bit 7 6 5 4 3 2 1 0

‘ a ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR‘P62DDR‘ P61DDR‘ P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write O w w w w W w w

Port 6 input/output select
0 | Generic input
1 | Generic output

PSDR—Port 5 Data Register H'CA PortS
Bit 7 6 5 4 3 2 1 0
o | o | o | o | s | Ps; | Ps | P5o |
Initial value 1 1 1 1 0 0 0 0
O g a g R/W R/W R/W R/W

Read/Write
Data for port 5 pins

P6DR—Port 6 Data Register H'CB Port 6
Bit 7 6 5 4 3 2 1 0
‘ O ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P65 ‘ P61 ‘ P6, ‘
Initial value 1 0 0 0 0 0 0 0
O R/W R/W R/W R/W R/W R/W R/W

Read/Write

Data for port 6 pins
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PSDDR—Port 8 Data Direction Register

H'CD Port 8

Bit 7 6 5 4 3 2 1 0
a O a ‘ P84DDR‘ P83;DDR ‘ P82DDR‘ P84 DDR‘ P80DDR‘
Modes{ Initial value 1 1 1 1 0 0 0 0
1104 | Read/Write O 0 0 w W W W w
Modes{ Initial value 1 1 1 0 0 0 0 0
St07 | ReadMWrite O 0 0 w w w w w
|
Port 8 input/output select Port 8 input/output select
0 | Generic input 0 | Generic input
1 | CS output 1 | Generic output
P7DR—Port 7 Data Register H'CE Port7
Bit 7 6 5 4 3 2 1 0
\ P77 \ P7s \ P75 \ P74 \ P75 \ P75 P74 P70 \
Initial value 0o* 0o* o= a* 0o* 0= 0= a*
Read/Write R R R R R R R R

Read the pin levels for port 7

Note: * Determined by pins P77 to P7.

PS8DR—Port 8 Data Register H'CF Port 8
Bit 7 6 5 4 3 2 1 0
g ‘ g 0 P84 P83 ‘ P8, ‘ P8 4 P8¢ ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write g g g R/W R/W R/W R/W R/W
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PIDDR—Port 9 Data Direction Register H'D0 Port9
Bit 7 6 5 4 3 2 1 0

O ‘ 0 ‘ P95DDR‘ P94DDR‘ P93DDR‘P92DDR ‘ P91DDR‘ P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write O O W W W w W w

Port 9 input/output select
0 | Generic input
1 | Generic output

PADDR—Port A Data Direction Register H'D1 Port A
Bit 7 6 5 4 3 2 1 0
‘ PA; DDR‘ PAg DDR‘ PAs DDR‘ PA4 DDR‘ PA;3 DDR‘PAZ DDR‘ PA4 DDR‘ PAg DDR‘
Modes| Initial value 1 0 0 0 0 0 0 0
34,6 | Read/Write — w w w w w w w
ModES{ Initial value 0 0 0 0 0 0 0 0
57 |Read/Write W W W W W W W W
Port A input/output select
0 | Generic input
1 | Generic output
P9DR—Port 9 Data Register H'D2 Port9
Bit 7 6 5 4 3 2 1 0
g ‘ g P95 P94 ‘ P93 ‘ P9, ‘ P9 4 ‘ P9o
Initial value 1 1 0 0 0 0 0 0
Read/Write 0 O R/W R/IW R/W R/W R/W R/W

Data for port 9 pins
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PADR—Port A Data Register H'D3 Port A

Bit 7 6 5 4 3 2 1 0

‘ PA; ‘ PAg ‘ PAsg ‘ PA4 ‘ PA3 ‘ PA> ‘ PA4 ‘ PA, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port A pins

PBDDR—Port B Data Direction Register H'D4 Port B
Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ PBgDDR‘ PBs DDR‘ PB4 DDR‘ PB3 DDR‘PBZ DDR‘ PB1 DDR‘PBO DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port B input/output select
0 | Generic input
1 | Generic output

PBDR—Port B Data Register H'D6 Port B
Bit 7 6 5 4 3 2 1 0
‘ PB7 ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB> ‘ PB4 ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port B pins
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P2PCR—Port 2 Input Pull-Up MOS Control Register H'DS Port 2

Bit 7 6 5 4 3 2 1 0
‘P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘ P23PCR‘P22PCR‘ P24 PCR‘ P20PCR‘
Initial value 0 0 0 0 0 0 0 0

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

\
Port 2 input pull-up MOS control 7 to 0

0 | Input pull-up transistor is off
1 | Input pull-up transistor is on

Note: Valid when the corresponding P2DDR bit is cleared to 0 (designating generic input).

P4PCR—Port 4 Input Pull-Up MOS Control Register H'DA Port 4
Bit 7 6 5 4 3 2 1 0
‘P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR‘P42PCR‘ P44 PCR‘ P40PCR‘
Initial value 0 0 0 0 0 0 0 0

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

\
Port 4 input pull-up MOS control 7 to 0

0 | Input pull-up transistor is off
1 | Input pull-up transistor is on

Note: Valid when the corresponding P4DDR bit is cleared to 0 (designating generic input).
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PSPCR—Port 5 Input Pull-Up MOS Control Register H'DB Port 5
Bit 7 6 5 4 3 2 1 0
O ‘ O O 0 ‘PSgPCR‘PSzPCR‘P51PCR‘P50PCR‘
Initial value 1 1 1 1 0 0 0 0
Read/Write ] g g g R/W R/W R/W R/W

Port 5 input pull-up MOS control 3 to 0

0 | Input pull-up transistor is off

1 | Input pull-up transistor is on

Note: Valid when the corresponding P5DDR bit is cleared to 0 (designating generic input).

DADRO—D/A Data Register 0 H'DC D/A
Bit 7 6 5 4 3 2 1 0
Initial value ‘ 0 ‘ 0 0 ‘ 0 ‘ 0 ‘ 0 0 ‘ 0 ‘
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

D/A conversion data

DADR1—D/A Data Register 1 H'DD D/A
Bit 7 6 5 4 3 2 1 0
Initial value ‘ 0 ‘ 0 0 ‘ 0 ‘ 0 ‘ 0 0 0 ‘
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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DACR—D/A Control Register H'DE D/A

Bit 7 6 5 4 3 2 1 0
‘ DAOE1 ‘ DAOEO‘ DAE ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W — — — _
] ‘
‘ |
D/A enable

Bit7 | Bit6 | Bit5
DAOE1|DAOEQ| DAE | Description
0 0 — | D/A conversion is disabled in channels 0 and 1

1 0 D/A conversion is enabled in channel 0
D/A conversion is disabled in channel 1

1 D/A conversion is enabled in channels 0 and 1
1 0 0 D/A conversion is disabled in channel 0
D/A conversion is enabled in channel 1
1 D/A conversion is enabled in channels 0 and 1
1 — | D/A conversion is enabled in channels 0 and 1

D/A output enable 0

0 | DA analog output is disabled
1 | Channel-0 D/A conversion and DA analog output are enabled
D/A output enable 1
0 | DA4 analog output is disabled
1 | Channel-1 D/A conversion and DA, analog output are enabled

ADDRA H/L—A/D Data Register A H/L H'E0, H'E1 A/D
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AD|AD8| AD7|AD6/AD5 AD4/AD3/AD2|AD1/AD0 O |0 |0 |0 |0 |0
Initiallvate 0 0 0 0 0 0 0 0 0 0 0 0 0O 0 0 0
ReadWitt R R R R R R R R R R R R R R R R

ADDRAH ADDRAL

A/D conversion data
10-bit data giving an
A/D conversion result
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ADDRB H/L—A/D Data Register B H/L H'E2, H'E3 A/D

Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘AD1‘ADO‘ 0 ‘ O ‘ O ‘ a ‘ O ‘ a ‘
Initial value o 0 o 0O o o o o o o o o O 0 O o
Read/Write R R R R R R R R R R R R R R R R
ADDRBH ADDRBL
A/D conversion data
10-bit data giving an
A/D conversion result
ADDRC H/L—A/D Data Register C H/L H'E4, H'ES A/D
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘ADs‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘AD1‘ADO‘ 0 ‘ O ‘ O ‘ ad ‘ ad ‘ a ‘
Initial value o 0 o o o o o o o o o o 0O 0 o0 o0
Read/Write R R R R R R R R R R R R R R R R
ADDRCH ADDRCL
A/D conversion data
10-bit data giving an
A/D conversion result
ADDRD H/L—A/D Data Register D H/L H'E6, H'E7 A/D
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘ADs‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘AD1‘ADO‘ 0 ‘ a ‘ a ‘ O ‘ 0 ‘ a ‘
Initial value o 0 o o o o o o o o o o 0O 0 O o
Read/Write R R R R R R R R R R R R R R R
ADDRDH ADDRDL

A/D conversion data
10-bit data giving an
A/D conversion result

Rev. 2.0, 02/03, page 814 of 860
RENESAS


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

ADCSR—A/D Control/Status Register H'ES A/D

Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CHA1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

\
Clock select
0 | Conversion time = 266 states (maximum)
1 | Conversion time = 134 states (maximum)
Channel select 2 to 0
Group Channel
Selection|  Selection Description
CH2 CH1 | CHO | Single Mode | Scan Mode
0 0 0 ANg ANg
S;a’;,m"lde - 1 | AN, ANg, AN
1 S'”gemz © 1 0 | AN, ANy, to AN,
can mode 1 | AN ANy to AN
1 0 0 ANy ANy
1 ANg ANy, ANg
1 0 ANg AN, to ANg
1 AN 7 AN4 to AN 7
A/D start
0 | A/D conversion is stopped
1 | Single mode: A/D conversion starts; ADST is automatically cleared to 0 when
conversion ends
Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a
transition to standby mode

A/D interrupt enable
0 | A/D end interrupt request is disabled
1| A/D end interrupt request is enabled

A/D end flag

0 | [Clearing condition]

Read ADF while ADF = 1, then write 0 in ADF
1 | [Setting conditions]

Single mode: A/D conversion ends
Scan mode: A/D conversion ends in all selected channels

Note: * Only 0 can be written, to clear flag.
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ADCR—A/D Control Register H'E9 A/D

Bit 7 6 5 4 3 2 1 0
otRee | — | — | — | — | — | =] — |

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — i — —
T

Trigger enable
0 | A/D conversion cannot be externally triggered
1 | A/D conversion starts at the fall of the external trigger signal (ADTRG)

H8/3048F-ONE Not include this register
H8/3048B mask ROM version

H8/3048F Include this register
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

ADCR—A/D Control Register H'E9 A/D

Bit 7 6 5 4 3 2 1 0
owee | — |~ |~ |~ |~ =] ]

Initial value 0 1 1 1 1 1 1 0

Read/Write R/W — — — — — — =
T

Trigger enable

0 | A/D conversion cannot be externally triggered
1| A/D conversion starts at the fall of the external trigger signal (ADTRG)

Note: * Bit 0 must not be set to 1; in a write, 0 must always be written in this bit.

H8/3048F-ONE Include this register
H8/3048B mask ROM version

H8/3048F Not include this register
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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ABWCR—Bus Width Control Register H'EC Bus controller

Bit 7 6 5 4 3 2 1 0

\ ABW7 \ ABW6 \ ABWS5 \ ABW4 \ ABW3 \ ABW2 \ ABW1 \ ABWO \
Initial | Mode 1,356 1 1 1 1 1 1 1 1
value {Mode 247 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW

Area 7 to 0 bus width control

Bits 7t0 0
ABW?7 to ABWO | Bus Width of Access Area
0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to 0 are 8-bit access areas
ASTCR—Access State Control Register H'ED Bus controller
Bit 7 6 5 4 3 2 1 0
‘ AST7 ‘ AST6 ‘ AST5 ‘ AST4 ‘ AST3 ‘ AST2 ‘ AST1 ‘ ASTO ‘

Initial value 1 1 1 1 1 1 1 1

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

Area 7 to 0 access state control

Bits 7to 0
AST7 to ASTO Number of States in Access Cycle
0 Areas 7 to 0 are two-state access areas
1 Areas 7 to 0 are three-state access areas
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WCR—Wait Control Register H'EE Bus controller

Bit 7 6 5 4 3 2 1 0
o | o O 0 | wmst | wumso | wet | weoo |
Initial value 1 1 1 1 0 0 1 1
Read/Write g g g a R/W R/W R/W R/W
\
Wait mode select 1 and 0 Wait count 1 and 0
Bit 3 | Bit2 Bit1 | Bit0
WMS1|WMSO0| Wait Mode WC1 | WCO | Number of Wait States
0 0 Programmable wait mode 0 0 No wait states inserted by
1 | No wait states inserted by wait-state controller
wait-state controller 1 1 state inserted
1 0 Pin wait mode 1 1 0 2 states inserted
1 Pin auto-wait mode 1 3 states inserted
WCER—Wait-State Controller Enable Register H'EF Bus controller
Bit 7 6 5 4 3 2 1 0
‘ WCE7 ‘ WCEG6 ‘ WCE5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Wait-state controller enable 7 to 0
0 | Wait-state control is disabled (pin wait mode 0)

1 | Wait-state control is enabled
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MDCR—Mode Control Register H'F1 System control

Bit 7 6 5 4 3 2 1 0

ad ‘ O O O O ‘ MDS2 ‘ MDSA1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 a=* o= o=
Read/Write g g d g g R R R

Mode select2to 0 ——

Bit2 | Bit1 | Bit0
MD, | MD4 | MDq | Operating mode
0 0 0 ad
1 Mode 1
1 0 Mode 2
1 Mode 3
1 0 0 Mode 4
1 Mode 5
1 0 Mode 6
1 Mode 7

Note: * Determined by the state of the mode pins (MD, to MDyg).
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SYSCR—System Control Register H'F2 System control

Bit 7 6 5 4 3 2 1 0
\ SSBY \ STS2 \ STSH \ STSO \ UE ‘NMIEG‘ _ \ RAME \
Initial value 0 0 0 0 1 0 1 1
ReadWrite @ RW RW RW RW RW  RW — RW
| | | 1
RAM enable

0 | On-chip RAM is disabled
1 | On-chip RAM is enabled

NMI edge select
0 | An interrupt is requested at the falling edge of NMI
1 | An interrupt is requested at the rising edge of NMI

User bit enable
0 | CCR bit 6 (Ul) is used as an interrupt mask bit
1| CCR bit 6 (Ul) is used as a user bit

Standby timer select 2 to 0

Bit6 | Bit5 | Bit4 Standby Timer
STS2 | STS1|STSO H8/3048F-ONE *
0 0 0 Waiting time = 8,192 states Waiting time = 8,192 states
1 Waiting time = 16,384 states | Waiting time = 16,384 states
1 0 Waiting time = 32,768 states | Waiting time = 32,768 states
1 Waiting time = 65,536 states | Waiting time = 65,536 states
1 0 0 Waiting time = 131,072 states | Waiting time = 131,072 states
1 Waiting time = 262,144 states | Waiting time = 1,024 states
1 0 | Waiting time = 1,024 states lllegal setting
1 lllegal setting lllegal setting

Note: * H8/3048B mask ROM version

H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Software standby

0 | SLEEP instruction causes transition to sleep mode

N

SLEEP instruction causes transition to software standby mode
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BRCR—Bus Release Control Register H'F3 Bus controller

Bit 7 6 5 4 3 2 1 0
\ A23E \ A22E \ A21E \ O 0 \ 0 \ O \ BRLE \
';ﬂ%deS{ Initial value 1 1 1 1 1 1 1 0
57 |Read/Write [ O 0 0 O O 0 R/W
Modes{ Initial value 1 1 1 1 1 1 1 0
34,6 | Read/Write RW  RW  RW 0 O O 0 RIW
I

Bus release enable
0 | The bus cannot be released to an external device
1 | The bus can be released to an external device

Address 23 to 21 enable
0 | Address output
1 | Other input/output

ISCR—IRQ Sense Control Register H'F4 Interrupt controller
Bit 7 6 5 4 3 2 1 0

‘ O O ‘ IRQSSC‘ IRQ4SC‘ IRQ3SC ‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0

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

IRQ5 to IRQq sense control
0 | Interrupts are requested when IRQ;5 to IRQ( inputs are low
1 | Interrupts are requested by falling-edge input at IRQ5 to IRQq

IER—IRQ Enable Register H'F5S  Interrupt controller
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0

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

IRQ;5 to IRQq enable
0 | IRQ5 to IRQg interrupts are disabled
1| IRQ5 to IRQg interrupts are enabled
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ISR—IRQ Status Register

H'F6 Interrupt controller

Bit 7 6 5 4 3 2 1 0
0 0 | IRQSF | IRQ4F | IRQ3F | IRQ2F | IRQIF | IRQOF |

Initial value 0 0 0 0 0 0 0 0

Read/Write 0 O RIWF RIWYF RIWF  RIWF  RIWF  RIW)

IRQ;5 to IRQg flags

Bits 5to 0
IRQ5F to IRQOF | Setting and Clearing Conditions
0 [Clearing conditions]

Read IRQnF when IRQnNF = 1, then write 0 in IRQNF.
IRQNSC = 0, IRQn input is high, and interrupt exception
handling is carried out.

IRQNSC = 1 and IRQn interrupt exception handling is
carried out.

[Setting conditions]

IRQNSC = 0 and IRQn input is low.
IRQNSC = 1 and a falling edge is generated in the IRQn input.

(n=51t00)

Note: * Only 0 can be written, to clear the flag.
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IPRA—Interrupt Priority Register A H'F8 Interrupt controller

Bit 7 6 5 4 3 2 1 0

‘ IPRA7 ‘ IPRAG6 ‘ IPRAS ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Priority level A7 to A0
0 | Priority level O (low priority)
1 | Priority level 1 (high priority)

e Interrupt sources controlled by each bit

Bit 7: Bit 6: Bit 5: Bit 4: Bit 3: Bit 2: Bit 1: Bit 0:
IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRA1 IPRAO
Interrupt  IRQg IRQ1 IRQy, IRQq, WDT, ITU ITU ITU
source IRQ3 IRQs Refresh channel channel channel
Controller 0 1 2
IPRB—Interrupt Priority Register B H'F9 Interrupt controller
Bit 7 6 5 4 3 2 1 0
‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ O ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ O ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Priority level B7 to B5, B3 to B 1
0 | Priority level O (low priority)
1 | Priority level 1 (high priority)

* Interrupt sources controlled by each bit

Bit 7: Bit 6: Bit 5: Bit 4: Bit 3: Bit 2: Bit 1: Bit 0:

IPRB7 IPRB6 IPRB5 — IPRB3 IPRB2 IPRB1 —
Interrupt  ITU ITU DMAC — SCI SCI A/D —
source channel channel channel channel converter

3 4 0 1
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Appendix C 1/O Port Block Diagrams

Cl1 Port 1 Block Diagram

Software

standby Mode 7

Hardware standby
External bus
released

Mode 1 to 4

Mode 7

.

P1n

Mode
1to 6

Internal data bus (upper)

Basad

RP1

4>

WP1D: Write to PIDDR
WP1:  Write to port 1
RP1: Read port 1
n=0to7

Internal address bus

Figure C.1 Port 1 Block Diagram (Pins P1, to P1,)
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C.2 Port 2 Block Diagram

Tj% | Q p2,pcr O]

Software C
standby Mode 7 RP2P

Internal data bus (upper)

Internal address bus

Hardware standby
External bus

released Mode 1 to 4 |

@ R
Q D

Mode 7 \

P2, Q py PR

Mode \
1t0 6 WP2

4> ’\[@: RP2

WP2P: Write to P2PCR
RP2P: Read P2PCR
WP2D: Write to P2DDR
WP2: Write to port 2
RP2: Read port 2
n=0to7

Figure C.2 Port 2 Block Diagram (Pins P2, to P2,)
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C3 Port 3 Block Diagram

Reset
\
Hardware standby R
External Mode 7
bus released Q I
Write to external P3,DDR
address
C
\
WP3D
Reset
\
R
Mode 7
Q |
P3n P3,DR
Mode (‘:
1t06 WP3
RP3
4> Read external
address
L .

WP3D: Write to P3DDR
WP3: Write to port 3
RP3: Read port 3
n=0to7

Internal data bus (upper)

Internal data bus (lower)

Figure C.3 Port 3 Block Diagram (Pins P3, to P3,)
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C4 Port 4 Block Diagram

b

8-bit bus 16-bit bus

mode

mode

Mode 7 | Mode

1to

g

6

Write to external
address

Reset
|
R ’sq_'; =
(9]
Q.
g | |3
2] (2]
=} =}
o) Ne)
© ©
© ©
© ©
© ©
£ c
2 ]
£ £
P4 ,DDR
C
T
WP4D
Re§et
R
P4,DR
C
T
WP4

I
L~

WP4P: Write to PAPCR
RP4P: Read P4PCR
WP4D: Write to PADDR
WP4: Write to port 4
RP4: Read port 4
n=0to7

Read external
address

Figure C.4 Port 4 Block Diagram (Pins P4, to P4,)
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CS

Port 5 Block Diagram

g

released

P5n

I

Hardware standby
External bus

Software

standby Mode 7

Mode 1 to 4

Mode 7

Mode
1to 6

Internal data bus (upper)

’J—@ RP5

L

WP5P: Write to PSPCR
RP5P: Read P5PCR
WP5D: Write to PSDDR

WP5:  Write to port 5
RP5: Read port 5
n=0to3

Internal address bus

Figure C.5 Port 5 Block Diagram (Pins P5, to P5;)
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C.6 Port 6 Block Diagrams

Reset
|
R 1
o)
Q D—1 %
P6,DDR °
c @ Bus controller
T s
Mode 7 WP6D £ WAIT
! input
Reset | enable
‘ |
R
P60 \/Il Q D
P6,DR
C
T
WP6
— RP6
||> | > Bus controller
WP6D: Write to PEDDR a|> Ly WAIT
! input

WP6: Write to port 6
RP6: Read port 6

Figure C.6 (a) Port 6 Block Diagram (Pin P6,)
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Reset
|

WP6D: Write to P6DDR
WP6: Write to port 6
RP6: Read port 6

R § Bus
S controller
Q D K
P6,DDR = !
c o
C § !
T = :
Mode 7 WP6D — ' Busrelease
Re§et enable
R 1
i Q D :
o P6.DR
C 1
‘ 1
WP6 !
’J—CL RPG 3
Ol> = BREQ input

Figure C.6 (b) Port 6 Block Diagram (Pin P6,)
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Reset
|

2]
R a
8
Q DI | 8
P6,DDR T
c 8
T C
WP6D -
Re§et
R
P6, ! “ °I]
P6,DR Bus controller
C T
T |
/—|CH Mode 7 WP6 | Bus release
N— ' enable
: <|c~ BACK
3 output
FCL RPG
—> >

WP6D: Write to PEDDR
WP6: Write to port 6
RP6: Read port 6

Figure C.6 (c¢) Port 6 Block Diagram (Pin P6,)
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Software
standby Mode 7

Hardware standby
External bus

released Mode 7 Reset

Mode 7

Q
n Mode P6,DR
1t06

Internal data bus

AS output
RD output

RP6

—> >

WP6D: Write to P6DDR
WP6:  Write to port 6
RP6: Read port 6
n=6t03

HWR output
LWR output

Figure C.6 (d) Port 6 Block Diagram (Pins P64 to P6;)
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C.7 Port 7 Block Diagrams

P7,

N

Internal data bus

‘ A/D converter

N

L

f0<} i Input enable
T ]

—= Analog input

RP7: Read port 7 |
n=0to5 ‘

Figure C.7 (a) Port 7 Block Diagram (Pins P7, to P75)

P7,

N

Internal data bus

A/D converter

s
L

o< " input enable
T

—= Analog input

D/A converter

JL ”<} — Output enable

(- — Analog output

RP7: Read port 7
n=6and7

Figure C.7 (b) Port 7 Block Diagram (Pins P74 and P7,)
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C.8 Port 8 Block Diagrams

P8y

4>

WP8D: Write to PBDDR
WPS8: Write to port 8
RP8: Read port 8

Reset
|
R
[2]
=}
Q D -g
P8,DDR ‘%"
¢ .
WP8D oy
Reset <
|
R
Q D
Refresh
P8,DR controller
C mmmmmm-
‘ |
(- Mode? wPg _ Output
| enable
3 <|w RFSH
! output
—— RP8
Interrupt
L~ controller
C{> 3 ™ IRQq
! input

Figure C.8 (a) Port 8 Block Diagram (Pin P8,)
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R 4
o]
[0]
Q D1 | 2
P8,DDR S Bus controller
c g
T Q |
WP8D £ CSy
: CS,
Re‘set : CSs
- Mode 7 R . output
o < a o
- Mode 1to 6 P8,DR
c
T
WP8

*— RP8
Interrupt
S controller
L~

v || contoler.
>

WP8D Write to PBDDR
WP8: Write to port 8
RP8: Read port 8
n=1to3

Figure C.8 (b) Port 8 Block Diagram (Pins P8, to P8;)
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P84

Bus controller

Reset Mode 1to 4
S R E
o)
S
Q D 3
P8,DDR o
c
¢ s
WP8D =
Reset
|
R
— Mode 7
Q D
P84DR
—— Mode 1t0 6
C
T
WP8
’\]—@ RPS
™S
L L

WP8D: Write to PBDDR

WPS8:
RP8:

Write to port 8
Read port 8
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C9 Port 9 Block Diagrams

Reset
|
R
(2]}
>
o)
( E ( Q DI |
P9,DDR 3
C ®
‘ £
WP9D 2
Reset =
|
R
= d Q D
% ~ P9, DR scio
C e
‘ ‘
WP9 | Output
' enable
: Serial
' transmit
. data
i ‘ Guard
N i time

’\]—@ RP9
™~

L L

WPID: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

Figure C.9 (a) Port 9 Block Diagram (Pin P9,)
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R
2
s — | =
(L P9,DDR ks
C ©
‘ £
WPOD 2
Reset =
|
R
Q Df—
P94 L
~J P9, DR s
C P
T |
WP9 : Output
. enable
— Serial
. transmit
%/\bgj ! data

’\]—@ RP9
™~

L~ L~

WP9D: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

Figure C.9 (b) Port 9 Block Diagram (Pin P9,)
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Serial receive
data

! »
R a
8
Q DFH— |8
P9,DDR T sc
c g, ¢ S
T E :
WP9D ‘ Input enable
Reset !
L I
R |
P9n < Q DI—
P9,DR 3
© |
WP9 3
’\l—@ RP9 !

WP9ID: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9
n=2and3

Figure C.9 (¢) Port 9 Block Diagram (Pins P9, and P9;)
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P9,

%>

WP9D: Write to PODDR
WP9: Write to port 9
RP9: Read port 9

©
Q Df— §
P9,DDR 3
¢ 5 scl
C
WPOD — Clock input
Reset ! enable
R 1
Q DF— | |
P9, DR }
c |
T I
WP9 | Clock output
" enable
3 Clock output
FCL |
L |
—= Clock input
Interrupt
controller

n=4and5

>

gl |RQ4 or |RQ5
input

Figure C.9 (d) Port 9 Block Diagram (Pins P9, and P9s)
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C.10 Port A Block Diagrams

Reset
|
R 2
o)
©
Q D §
PA,DDR S
c
v & TPC
WPAD 2.--TPC
Re§et :
R — TPC
ﬂg ' output
| ble
PA Q D | . ena
: PAnDR 1 Next data
c |
WPA }
| Output
' trigger
DMA controller
. Output
' enable
— Transfer
' end output
oTu_
S e ;
( ! Counter

WPAD: Write to PADDR ™ clock input
WPA: Write to port A
RPA: Read port A

n=0and1

Figure C.10 (a) Port A Block Diagram (Pins PA, and PA,)
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PA,

Internal data bus

TPC
output
enable

WPA

Next
data

Output

trigger

Output

enable

I

IS
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Figure C.10 (b) Port A Block Diagram (Pins PA, and PA;)

Rev. 2.0, 02/03, page 842 of 860

RENESAS



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Software standb
External bus rel

Hardware
standby

Bus controller

PA, |1

' Chip select
' enable
: Address
Reset @l | g . output
| 2 2 1 enable (g
R | |2 ! 4
s & CSs
= S CSg output
D EAR
PALDDR g |
e iE
- WPAD =
P Reset |
. | I
=2 R L TPC output
= 4@ | enable
D 3 I
PARDR — Next data
o] |
|
|
|
mCani I
= |
— Output trigger
L
Output enable

*- PRA

o

Compare match
output

WPAD: Write to PADDR
WPA: Write to port A
RPA: Read port A
n=4to6

Input capture

Figure C.10 (c¢) Port A Block Diagram (Pins PA, to PAy)
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Figure C.10 (d) Port A Block Diagram (Pin PA,)
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C.11  Port B Block Diagrams

4> I gC:L RPB

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read port B
n=0to3

Input
capture

Reset
|
R (2]
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el
Q D %
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‘ 5 TPC
WPBD g
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R — TPC output
1 f: 1 enable
Q D | !
PB :
i PBnDR ~ Next data
c |
WPB !
~  Output trigger
,,,,, mu_____
3 Output enable
L Compare
' match output

Figure C.11 (a) Port B Block Diagram (Pins PB, to PB;)
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Figure C.11 (b) Port B Block Diagram (Pins PB, and PB:)
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Figure C.11 (¢) Port B Block Diagram (Pin PBy)
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Appendix D Pin States

D.1 Port States in Each Mode

Table D.1 Port States

Hardware Software Bus- Program
Standby Standby Released Execution,
Pin Name Mode Reset Mode Mode Mode Sleep Mode
(0] — Clock output T H Clock output Clock output
RESO*”  — T T T T RESO
P17toP1y 1to4 L T T T A7 to Ao
5,6 T T keep T Input port
(DDR =0)
T T A7 to Ao
(DDR =1)
7 T T keep — 1/0 port
P27 to P20 1t04 L T T T A15 to Ae
5,6 T T keep T Input port
(DDR =0)
T T Aisto Asg
(DDR =1)
7 T T keep — 1/0 port
P37 to P3p 1t06 T T T T D45 to Dg
7 T T keep — 1/0 port
P4;toP4y 1to6 8-bit T T keep keep 1/0O port
bus
16-bit T T T T D7 to Do
bus
7 T T keep — 1/0 port
P53 to P5¢ 1t0o4 L T T T Ao to Ate
5,6 T T keep T Input port
(DDR =0)
T T Ao to Ate
(DDR =1)
7 T T keep — 1/0 port
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Hardware Software Bus- Program
Standby Standby Released Execution,
Pin Name Mode Reset Mode Mode Mode Sleep Mode
P6o 1to 6 T T keep keep 1/0O port
WAIT
7 T T keep — 1/0O port
P61 1to 6 T T keep T 1/0 port
(BRLE = 0) BREQ
T
(BRLE = 1)
7 T T keep — 1/0 port
P62 1to 6 T T keep L 1/O port
(BRLE = 0) (BRLE = 0)
H or BACK
(BRLE = 1) (BRLE=1)
7 T T keep — 1/0 port
P6sto P6; 1t06 H*? T T T AS, RD,
HWR, LWR
7 T T keep — 1/0 port
P7;t0 P70 1to7 T T T ™ Input port
P8o 1to 6 T T keep keep 1/0 port
(RFSHE = 0) (RFSHE =0) (RFSHE =0)
RFSH H or RFSH .
(RFSHE = 1) (RFSHE = 1) (RFSHE=1)
7 T T keep — 1/0O port
P83toP8; 1to6 T T T keep Input port
(DDR=0) (DDR=0) (DDR=0)or
H H CS;3to CS4
(ODR=1) (DDR=1) (DDR=1)
7 T T keep — I/0O port
P84 1to 6 L T T keep Input port
(DDR=0) (DDR=0) (DDR =0)
L H or CSO
(ODDR=1) (DDR=1) (PDR=1)
7 T T keep — 1/0 port
P9stoP9y 1to7 T T keep keep*1 1/0 port
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Hardware Software Bus- Program
Standby Standby Released Execution,

Pin Name Mode Reset Mode Mode Mode Sleep Mode
PAstoPA; 1to7 T T keep keep™’ /0 port
PAsto PA, 3,4,6 T* T H H CSe to CS4

(CS output) (CS output) (CS output)
T (address T (address  Ags to Azq

output) output) (address
keep keep output)
(otherwise)  (otherwise) 1/O port
(otherwise)
1,2,5,7 T T keep keep™' 1/0 port
PA; 3,4,6 L* T T T Ax
1,2,5,7 T* T keep keep™’ /0 port
PBy, 1t07 T T keep keep™' 1/0 port
PBs to PBg
PBe 3,4,6 T T H H @
(CS output) (CS output) (CS output)
keep keep 1/0 port
(otherwise) (otherwise) (otherwise)
1,2,5,7 T T keep keep™' 1/0 port
Legend
H: High
L: Low
T: High-impedance state

keep: Input pins are in the high-impedance state; output pins maintain their previous state.
DDR: Data direction register bit

Notes: *1 The bus cannot be released in mode 7.
*2 Output is low only for reset by WDT overflow.

This RESO output function is only for the mask ROM, ZTAT, and flash memory (dual
power supply).

*3 During direct power supply, oscillation damping time is “H” or “T".
*4 During direct power supply, oscillation damping time differs between “H”, “L” and “T”.
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D.2 Pin States at Reset

Reset in T1 State: Figure D.1 is a timing diagram for the case in which RES goes low during the
T1 state of an external memory access cycle. As soon as RES goes low, all ports are initialized to
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance
state. The address bus is initialized to the low output level 0.5 state after the low level of RES is
sampled. Sampling of RES takes place at the fall of the system clock (¢).

Access to external address
- -
T1 T2 T3

|

S

ES

Internal
reset signal

Address bus >< >< H’000000

CSo

High impedance

~—

E7 to @1

>
(@]

High

RD (read access)
High

HWR, LWR _
(write access) High

High impedance

Data bus
(write access)

High impedance
1/O port

~—

Figure D.1 Reset during Memory Access (Reset during T1 State)
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Reset in T2 State: Figure D.2 is a timing diagram for the case in which RES goes low during the
T2 state of an external memory access cycle. As soon as RES goes low, all ports are initialized to
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance
state. The address bus is initialized to the low output level 0.5 state after the low level of RES is
sampled. The same timing applies when a reset occurs during a wait state (Ty).

Access to external address
- -]

T1 T2 T3

|

S

RES

Internal
reset signal

Address bus >< >< H’000000

CSo

High impedance

§7 to E1

~—

7

D (read access)

HWR, LWR
(write access)

High impedance

Data bus
(write access)

High impedance
1/0O port

e

Figure D.2 Reset during Memory Access (Reset during T2 State)
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Reset in T3 State: Figure D.3 is a timing diagram for the case in which RES goes low during the
T3 state of an external memory access cycle. As soon as RES goes low, all ports are initialized to
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance
state. The address bus outputs are held during the T3 state.The same timing applies when a reset
occurs in the T2 state of an access cycle to a two-state-access area.

Access to external address
- -]

T1 T2 T3

|

S

RES

Internal
reset signal

Address bus >< >< H’000000

CSy

High impedance

~—

@7 to E1

AS

RD (read access)

HWR, LWR
(write access)

High impedance

— T

Data bus
(write access)

High impedance

1/0 port

~— ~_—

Figure D.3 Reset during Memory Access (Reset during T3 State)
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Appendix E Timing of Transition to and Recovery from
Hardware Standby Mode

Timing of Transition to Hardware Standby Mode

(1) To retain RAM contents with the RAME bit set to 1 in SYSCR, drive the RES signal low 10
system clock cycles before the STBY signal goes low, as shown below. RES must remain low
until STBY goes low (minimum delay from STBY low to RES high: 0 ns).

STBY

ty 2 10tcyc th= Ons

’—— C
)
¢
)

Y
m
(0]

(2) To retain RAM contents with the RAME bit cleared to 0 in SYSCR, or when RAM contents
do not need to be retained, RES does not have to be driven low as in (1).

Timing of Recovery from Hardware Standby Mode: Drive the RES signal low approximately
100 ns before STBY goes high.

STBY

t=100ns tosc

-

By}
m
(73]
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Appendix F  Product Code Lineup

Table F.1 H8/3048 Series Product Code Lineup
Classification of Products
Product | Type of | Power Supply | Product Code Mark Code (HitachiP:::I:aggee Code)
Type ROM Specifications
H8/3048B |Mask |5V version  |HD6433048BTE 100-pin TQFP (TFP-100B)
ROM HD6433048BF 100-pin QFP (FP-100B)
version
3Vversion  |HD6433048BVTE 100-pin TQFP (TFP-100B)
HD6433048BVF 100-pin QFP (FP-100B)
H8/3048 |Flash |5V version  |HDB4F3048BTE |64F3048TE 100-pin TQFP (TFP-100B)
F-ONE C“eerzg;y HDG4F3048BF  |64F3048F 100-pin QFP (FP-100B)
(single |3V version | HDBA4F3048BVTE |64F3048VTE 100-pin TQFP (TFP-100B)
power HD64F3048BVF  |64F3048VF 100-pin QFP (FP-100B)
supply)
H8/3048F |Flash |5V version  |HDB4F3048TF  |HDG4F3048TF 100-pin TQFP (TFP-100B)
memory HD64F3048F HDB4F3048F 100-pin QFP (FP-100B)
Z;::lon 3Vversion  |HDG64F3048VTF |HD64F3048VTF 100-pin TQFP (TFP-100B)
power HD64F3048VF | HD64F3048VF 100-pin QFP (FP-100B)
supply)
H8/3048 |PROM |5V version  |HD6473048TF  |HD6473048TF 100-pin TQFP (TFP-100B)
ZTAT version HD6473048F HD6473048F 100-pin QFP (FP-100B)
3Vversion  |HD6473048VTF |HD6473048VTF 100-pin TQFP (TFP-100B)
HD6473048VF  |HD6473048VF 100-pin QFP (FP-100B)
H8/3048 |Mask |5V version  |HD6433048TF  |HD6433048(***)TF |100-pin TQFP (TFP-100B)
ROM HD6433048F HD6433048(***)F | 100-pin QFP (FP-100B)
YOI T3V version  |HD6433048VTF | HD6433048(*)VTF | 100-pin TQFP (TFP-100B)
HD6433048VF | HD6433048(***)VF | 100-pin QFP (FP-100B)
H8/3047 |Mask |5V version  |HD6433047TF  |HD6433047(***)TF |100-pin TQFP (TFP-100B)
ROM HD6433047F HD6433047(***)F | 100-pin QFP (FP-100B)
YOI T3V version  |HD6433047VTF | HD6433047(*)VTF | 100-pin TQFP (TFP-100B)
HD6433047VF  |HD6433047(***)VF | 100-pin QFP (FP-100B)
H8/3045 |Mask |5V version  |HD6433045TF  |HD6433045(***)TF |100-pin TQFP (TFP-100B)
ROM HD6433045F HD6433045(***)F | 100-pin QFP (FP-100B)
YOO T3V version  |HD6433045VTF | HD6433045()VTF | 100-pin TQFP (TFP-100B)
HD6433045VF | HD6433045(***)VF | 100-pin QFP (FP-100B)
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Classification of Products

Product | Type of | Power Supply | Product Code Mark Code (HitachiP:::I:ag:e Code)
Type ROM Specifications
H8/3044 |Mask |5V version  |HD6433044TF | HD6433044(***)TF |100-pin TQFP (TFP-100B)
ROM HD6433044F HD6433044(***)F | 100-pin QFP (FP-100B)
OV version  |HD6433044VTF | HD6433044(***\VTF | 100-pin TQFP (TFP-1008)

HD6433044VF HD6433044(***)VF | 100-pin QFP (FP-100B)

Note: (***) in mask ROM versions is the ROM code.

RENESAS
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Appendix G Package Dimensions

Figure G.1 shows the FP-100B package dimensions of the H8/3048B Series. Figure G.2 shows the

TFP-100B package dimensions.

16.0+0.3

16.0+0.3

3.05 Max

*Dimension including the plating thickness
Base material dimension

*0.17 £ 0.05
0.15+0.04

—

Unit: mm

0.12481

Hitachi Code FP-100B
JEDEC —

JEITA Conforms
Mass (reference value) 129

Figure G.1 Package Dimensions (FP-100B)
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Unit: mm
16.0+0.2

76

16.0£0.2

5 83
= olo
ol o + | H
ol N~ (o 1.0, .
~ ~ Sla 00 _ 80
[ * ]
o } 0.5+01_ *
o
+
o
(=) Hitachi Code TFP-100B
JEDEC —
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) 0.5¢g

Figure G.2 Package Dimensions (TFP-100B)
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