To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
Genera Precautionsin the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in

the manual.

— The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has

become stable. When switching the clock signal during program execution, wait until the

target clock signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization
of the clock signal. Moreover, when switching to a clock signal produced with an
external resonator (or by an external oscillator) while program execution is in progress,
wait until the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different type number,
confirm that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.
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Configuration of This Manual

This manual comprises the following items:

WD PR

General Precautions in the Handling of MPU/MCU Products
Configuration of This Manual

Preface

Main Revisions for This Edition (only for revised versions)

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

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules
e On-Chip Peripheral Modules

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

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

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

8.
9.

List of Registers
Electrical Characteristics

10. Appendix
11. Index
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Preface

The H85/2378 Group and H8S/2378R Group microcomputers (MCU) made up of the H8S/2000
CPU employing Renesas Technology original architecture as their cores, and the periphera
functions required to configure a system.

The H8S/2000 CPU has an internal 32-bit configuration, sixteen 16-bit genera registers, and a
simple and optimized instruction set for high-speed operation. The H852000 CPU can handle a
16-Mbyte linear address space.

ThisLSl is equipped with direct memory access controller (DMAC and EXDMAC) and data
transfer controller (DTC) bus masters, ROM and RAM, a 16-bit timer pulse unit (TPU), a
programmable pulse generator (PPG), an 8-hit timer (TMR), a watchdog timer (WDT), a seria
communication interface (SCI and IrDA), a 10-bit A/D converter, an 8-bit D/A converter, and I/0O
ports as on-chip peripheral modules required for system configuration. 1°C businterface 2 (11C2)
can also be included as an optional interface.

A high functionality bus controller is aso provided, enabling fast and easy connection of DRAM
and other kinds of memory.

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

This manual describes this LS|’ s hardware.
Note: * F-ZTAT isatrademark of Renesas Technology Corp.

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

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

Notes on reading this manual:

In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.
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In order to understand the details of the CPU’ s functions
Read the H8S/2600 Series, H85/2000 Series Software Manual.

For the execution state of each instruction in this LSI, see Appendix D, Bus State during

Execution of Instructions.

In order to understand the details of aregister when its name is known

Read the index that isthe final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 25,

List of Registers.

Examples:  Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or serial
communication, isimplemented on more than one channel:
XXX_N (XXX istheregister name and N is the channel
number)

Bit order: The MSB is on theleft and the LSB is on theright.
Number notation:  Binary is B'xxxx, hexadecimal is H'xxxx, decimal is Xxxx.
Signal notation: An overbar is added to alow-active signal: xxxx

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

http://www.renesas.com/
H8S/2378 Group and H8S5/2378R Group Manuals:

Document Title

Document No.

H8S/2378 Group,H8S/2378R Group Hardware Manual

This manual

H8S/2600 Series, H8S/2000 Series Software Manual

REJ09B0139

User's Manuals for Development Tools:

Document Title

Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage REJ10B0161
Editor Compiler Package V.6.01 User's Manual

H8S, H8/300 Series Simulator/Debugger User's Manual REJ10B0211
H8S, H8/300 Series High-performance Embedded Workshop, REJ10B0024
High-performance Debugging Interface V.3 Tutorial

High-performance Embedded Workshop V.4.04 User's Manual REJ10J1737
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Main Revisionsfor This Edition

Item Page Revision (See Manual for Details)
3.4 Memory Map in 79 Figure amended
Each Operating Mode
ROM: 512 kbytes ROM: 512 kbytes ROM: 512 kbytes
Figure 3.2 Memory RAN. 32 Koytes R e e
i User boot mod Single-chij {
Map for H8S/2378 and (Bxpendd modo ith (Hserbootmece) b mose.
H8$/2378R (2) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM On-chip ROM
H'080000 H'080000 H'080000
Figure 3.7 Memory 84 Figure amended

Map for H8S/2374 and
H8S/2374R () T N A I

H'FF4000 H'FF4000
On-chip RAM/
external address On-chip RAM*3
space*1
H'FFC000 H'FFC000
Figure 3.15 Memory 92 Figure amended
Map for H8S/2370 and
H83/2370R (2) , B = , ES B3 . ES =
HFF4000 Reserved area™* HFF4000 R Ccerved area® HFF4000 IR e erved area™®
HFF8000 On-ohip RAM H'FF8000 HFF8000 [~On-ohip RAM/
external address On-chip RAM*S external address
_HFFCOo0 | SRR | HFFoO0OL | HFFoo00} PR |

6.7.11 Byte Access 230 Figure amended

Control
64-Mbit synchronous DRAM
H This LSI 1 Mword x 16 bits x 4-bank configuration

Flgure 651 Example (Address shift size set to 8 bits) 8-bit column address
of DQMU and DQML
Byte Control TS2 (RAS) RAS

,,,,,,,,,,,,,,,,,,,, IS (C0] e — TR W
6.9.2 Pin States in 268 Table amended
Idle Cycle

Pins Pin State
Table 6.12 Pin States EDACKn (n=3,2)  High T
in Idle Cycle

7.3.7 DMA Terminal 306 Description amended
Control Register
(DMATCR)

... The TEND pin is available only for channel B in short
address mode.
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Item Page Revision (See Manual for Details)
Section 8 EXDMA 359 Description amended
Controller (EXDMAC) ... The EXDMAC can carry out high-speed data transfer, in
place of the CPU, to and from external devices and external
memory with a DACK (DMA transfer notification) facility.
8.3.5 EXDMA 370 Table amended
Address Control Bit Bit N Initial Val RIW D ipti
. i it Name nitial Value escription
Register (EDACR) l
15 SAT1 0 RW Source Address Update Mode
14 SATO 0 RW These bits specify incrementing/decrementing of
the transfer source address (EDSAR). When an
external device with DACK is designated as the
transfer source in single address mode, the
specification by these bits is ignored.
0x: Fixed
10: Incremented (+1 in byte transfer, +2 in word
transfer)
11: Decremented (-1 in byte transfer, =2 in word
transfer)
372 Table amended
Bit Bit Name Initial Value R/W Description
7 DAT1 0 R/W Destination Address Update Mode
6 DATO 0 RW These bits specify incrementing/decrementing of
the transfer destination address (EDDAR). When
an external device with DACK is designated as the
transfer destination in single address mode, the
specification by these bits is ignored.
0x: Fixed
10: Incremented (+1 in byte transfer, +2 in word
transfer)
11: Decremented (-1 in byte transfer, -2 in word
transfer)
8.4.2 Address Modes 376 Description amended

Single Address Mode:

... In the example of transfer between external memory and an
external device with DACK shown in figure 8.3, data is output to
the data bus by the external device and written to external
memory in the same bus cycle.

The transfer direction, that is whether the external device with
DACK is the transfer source or transfer destination, can be
specified with the SDIR bit in EDMDR. Transfer is performed
from the external memory (EDSAR) to the external device with
DACK when SDIR = 0, and from the external device with DACK
to the external memory (EDDAR) when SDIR = 1.
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Item Page Revision (See Manual for Details)

8.4.2 Address Modes 377 Figure amended

Figure 8.3 Data Flow in '
Single Address Mode :>

External

3 memory

:> External device

with DACK

Figure 8.4 Example of 378 Figure amended
Timing in Single Address
Mode

Transfer from external memory to external device with DACK

. EXDMA cycle .
-+
¢ R I A
Address bus : EDSAR -+—— Address to external memory space

; -«—— RD signal to external memory space

DACK w
Data bus 4<:>— -«—— Data output from external memory

ETEND

3 3

m|

Transfer from external device with DACK to external memory

 EXDMA cycle .
-

! ML

Address bus : EDDAR ! -+—— Address to external memory space
RD
WR -«—— WR signal to external memory space

EDACK w
Data bus 4@— -«—— Data output from external device

! with DACK

Rev.7.00 Mar. 18, 2009 page ix of Ixvi
REJ09B0109-0700

RENESAS



Item Page Revision (See Manual for Details)
9.8.5 Chain Transfer = 453 Description amended
... SCl and A/D converter interrupt/activation sources, on
the other hand, are cleared when the DTC reads or writes to the
prescribed register.
10.1.4 Pin Functions 471 Table amended
+ P10/POS/TIOCAO TPU channel 0 (1) in table (2) in table below
settings below
Pinfunction | TIOCAO output | P10input | | P10 output ] """ PO8 output
TIOCAQ input™'
10.9.7 Pin Functions 511 Table amended
* PA7/A23/IRQ7, P T R [T | RAn JAddress | Pan | Ran [T pan [ A ] s
PAG/AZ z/m function input output input output input output input output input output
S IRQn interrupt input”
PA5/A21/RQ5 n interrupt inp
* PA4/A20/IRQ4 511 Table amended
Operating 1,2 4 7
mode .
Pin Address PA4 PA4 PA4 Address PA4 PA4 PA4 PA4 PA4 Address
function output input | output | input {outpul input output input {oulpul input w output
TIRQ4 interrupt input*
« PA3/A19, PA2/A18, 512 Table amended
PAL/AL7, PA20/ALG .
Pin Address PAn PAn PAn Address PAn PAn PAn PAn PAn Address
Lunction oulpull input output { input outputw input w output input | output input ou(putw
10.10.5 Pin Functions 515 Table amended
PBADDR | — | o [ [ o [ 1 o |1
Pin function | Address PBn Address PBn PBn PBn Address
output input output input output input output
Legend added
Legend: n=7to 0
10.11.5 Pin Functions 519 Table amended
PCRDDR | — | o [ [ o [ 1 o |1
Pin function | Address PCn Address PCn PCn PCn Address
output input output input output input output
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Item Page Revision (See Manual for Details)

10.12.5 Pin Functions 523 Table amended

PDnDDR — 0 1 —
Pin function Data I/O PDn input PDn output Data I/O

Legend added
Legend: n=71t0 0

10.13.5 Pin Functions 527 Table amended

PEnDDR 0 1 — 0 1 0 1 —
Pin function | PEn PEn Data I/0 PEn PEn PEn PEn Data I/O
input | output input | output | input | output

Legend added
Legend: n=71t0 0

10.14.4 Pin Functions 531 Table amended
e PF7/$ [PFODR [ o T

10.16.1 Port H Data 541 Table amended
Direction Register

Bit Bit Name Initial Value R/W Description
(P HDD R) 3 PH3DDR 0 w « Mode 7 (when EXPE = 0)
2 PH2DDR 0 w Pins PH3 to PHO are I/O ports, and their functions can be switched with
PHDDR.
1 PH1DDR 0 w
Pin PH1 functions as the SDRAM¢ ™" output pin when the input level of the
0 PHODDR 0 w

DCTL p\n*2 is high. When the input level of the DCTL pin*2 is low, pin
PH1 is an I/O port and its function can be switched with PHDDR.

15.3.7 Serial Status 705 Note amended

Register (SSR) Note: * Only O can be written, to clear the flag. Alternately,
Normal Serial use the bit clear instruction to clear the flag.
Communication

Interface Mode (When

SMIF in SCMR is 0)

Smart Card Interface 709 Note amended
Mode (When SMIF in
SCMR is 1)

Note: 1. Only O can be written, to clear the flag. Alternately,
use the bit clear instruction to clear the flag.

2. Elementary time unit (etu): Transfer duration for one
bit
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Item Page Revision (See Manual for Details)

15.3.9 Bit Rate 712 Table amended
Register (BRR)

Operating Frequency ¢ (MHz)

Table 15.3 BRR 8 9.8304 10 12
Settings for Various Bit Bit Rate Error Error Error Error
Rates (Asynchronous (i)  n N (A n N A n N & n N A
Mode) 9600 0 25 016 0 31 000 O 32 -13 0 38 016
19200 0 12 016 0 15 000 0 15 173 0 19 234
31250 0 7 000 0O 9 170 0 9 000 O 11 000
3840 — — — 0 7 000 0 7 173 0 9 -234

Operating Frequency ¢ (MHz)

12.288 14 14.7456 16
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
9600 0 39 0.00 0 45 -093 0 47 0.00 O 51 0.16
19200 0 19 000 O 22 -093 0 23 000 O 25 0.16
31250 0 11 240 0 13 0.00 0 14  -170 0 15 0.00
38400 0 9 000 — — — 0 11 0.00 0 12 0.16
713 Table amended
Operating Frequency ¢ (MHz)
17.2032 18 19.6608 20
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
19200 0 27 000 o0 28 102 0 31 000 0 32 136
31250 0 16 1.20 0 17 0.00 0 19 -1.70 0 19 0.00
38400 0 13 0.00 0 14 -234 0 15 0.00 0 15 1.73
713 Table amended
Operating Frequency ¢ (MHz)
25 30 33 34*
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
19200 0 40 076 0 48 035 0 53 -054 0 54 062
31250 0 24 000 0 29 0.00 0 32 000 0 33 0.00
38400 0 19 1.73 0 23 1.73 0 26 -054 0 27 -1.18
714 Table amended
Operating
Frequency ¢ (MHz)
*2
35
Bit Rate Error

(bit/s) n N (%)
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15.4.4 SCI 727 Description added

Initialization Before transmitting and receiving data, you should first clear the

(Asynchronous Mode) TE and RE bits in SCR to 0, then initialize the SCI as shown in
figure 15.5. Do not write to SMR, SCMR, IrCR, or SEMR while
the SCl is operating. This also applies to writing the same data
as the current register contents. ...

15.6.2 SCI 741 Description added

Initialization (Clocked Before transmitting and receiving data, you should first clear the

Synchronous Mode) TE and RE bits in SCR to 0, then initialize the SCI as described
in a sample flowchart in figure 15.15. Do not write to SMR,
SCMR, IrCR, or SEMR while the SCI is operating. This also
applies to writing the same data as the current register contents.

Section 16 1°C Bus 771 Description amended

Inter_face 2 (Ic2) The I°C bus interface conforms to and provides a subset of the

(Option) NXP Semiconductors I°C bus (inter-IC bus) interface (Rev. 3)
standard and fast mode functions. The register configuration
that controls the 1°C bus differs partly from the NXP
Semiconductors configuration, however.

16.3.1 I1°C Bus Control 776  Table amended

Register A (ICCRA)

Table 16.2 Transfer
Rate

Bit3 Bit2 Bit1 Bit0 Transfer Rate
¢= ¢= 4= 4= o= ¢= ¢=
CKS3 CKS2 CKS1 CKSO0 Clock 8 MHz 10MHz 20 MHz _ 25MHz__ 33MHz __ 34 MHz*' 35 MHz*’
o 0¥ 0 0 0/28 286kHz  357kHz 714 kHz*® 893 kHz*® 1179 kHz*® 1214 kHz** 1250 kHz*®
1 0/40  200kHz ~ 250kHz 500 kHz** 625 kHz*® 825 kHz*® 850 kHz*® 875 kHz**
1 0 0/48 167 kHz ~ 208kHz 417 kHz*® 521kHz*® 688 kHz*® 708 kHz*® 729 kHz**
1 0/64 125kHz 156 kHz ~ 313kHz  391kHz 516 kHz*® 531kHz** 547 kHz*®

Notes 3 and 4 added

3. I°C bus interface specification (standard mode: max. 100
kHz, fast mode: max. 400 kHz).

4. Due to load conditions, etc., it may not be possible to attain
the specified transfer rate when CKS3 and CKS2 are both
cleared to 0 (bit period: 7.5 tcyc) and the operating
frequency is 20 MHz or higher. Use a bit period other than
7.5 tcyc when the operating frequency exceeds 20 MHz.
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16.3.5 12C Bus Status 782 Table amended

Register (ICSR) ) ] - o
Bit Bit Name Initial Value R/W  Description
7 TDRE 0 R/W  Transmit Data Register Empty
[Setting condition]
e When data is transferred from ICDRT to ICDRS
and ICDRT becomes empty
e When TRS has been set
e When a transition from the receive mode to the
transmit mode has been made in the slave mode
[Clearing conditions]
e When 0 is written in TDRE after reading TDRE = 1
e When data is written in ICDRT
783 Table amended
Bit Bit Name Initial Value R/W Description
27 AL o T RW  Adbitration Lost Flag
This flag indicates that arbitration was lost in master
mode.
When two or more master devices attempt to seize
the bus at nearly the same time, if the 1°C bus
interface detects data differing from the data it sent, it
sets AL to 1 to indicate that the bus has been taken
by another master.
[Setting conditions]
e |[f the internal SDA and SDA pin disagree at the
rise of SCL in master transmit mode
e When the internal SDA high in master mode while
a start condition is detected
[Clearing condition]
e When 0 is written in AL/OVE after reading
AL/OVE=1
16.4.7 Example of 797 Figure amended
Use

Figure 16.14 Sample
Flowchart for Master

Transmit Mode [1] Test the status of the SCL and SDA lines.*

[2] Select master transmit mode.*

Set MST = 1 and TRS

> [3] Start condition issuance.*
=1in ICCRA. @2l

Write BBSY =1

and SCP = 0. and clear TDRE to 0.

'
'
'
'
'
i
'
'
'
'
i
'
'
'
'
i
'
|

[4] Select transmit data for the first byte (slave address + R/W), :

} [3] ‘

'

Note: * Ensure that no interrupts occur between when BBSY
is cleared to 0 and start condition [3].
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16.4.7 Example of 798 Figure amended
Use ..
i 4’] _ [14] Clear RCVD to 0.
Figure 16.15 Sample | Read RDRFinICSR |
Flowchart for Master No a - [15] Clear ACKBT.
Receive Mode i [16] Set slave receive mode.
Yes
[Ccearstopoticsk | | 1oy
| _
Write BBSY =0 (1]
and SCP =0
— ] -
| Read STOPof ICSR |
Yes B
[ Read ICORR R
Il
| setRCVD =0 (ICCRA) | :| 4]
1
[ClearackBTniCER | | nsl
I
| setmsT=0(cCRA) | :| [16]
End
Figure 16.17 Sample 800 Figure amended
Flowchart for Slave L
Receive Mode [2] Set the acknowledge for the transmit device.
} @ [3] Dummy read ICDRR.
[stave transmit mode ]
[4] Wait the reception end of 1 byte.
[5] Judge the (last receive - 1).
j 3] [6] Read the received data, and clear RDRF to 0.
16.7 Usage Notes 803 Usage note added

(3) I°C bus interface 2
(IIC2) master receive
mode

(4) Limitations on
transfer rate setting
values when using 1°C
bus interface 2 (1IC2) in
multi-master mode

(5) Limitations on use
of bit manipulation
instructions to set MST
and TRS when using I°C
bus interface 2 (1IC2) in
multi-master mode

RENESAS
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17.1 Features 806 Figure amended
Figure 17.1 Block !
Diagram of A/D
Converter AVCC
Vref —=  10bitDIA K
AVSS —» !
,,,,,,,,,,,,,,,,, —
21.1 Features 862 Description amended
* Programming/erase protection
There are three types of flash memory programming/erase
protection that may be selected: hardware protection,
software protection, and error protection.
21.1.1 Operating 864 Description amended
Mode When the mode pins are set in the reset state and a reset start
is performed, the MCU transitions to an operating mode as
shown in figure 21.2.
21.3.1 Programming/ 872 Description amended
FEaras_lr;g Interface * Flash Code Control and Status Register (FCCS)
egister
FCCS is used to request monitoring of flash memory
programming/erase errors or downloading of on-chip
programs.
21.3.2 Programming/ 879 Description amended
Erasing Interface When download, initialization, or on-chip program is executed,
Parameter registers of the CPU except for ERO and ER1 are stored. The
return value of the processing result is written in ERO, ER1.
Since the stack area is used for storing the registers except for
ERO, ERL1, the stack area must be saved at the processing start.
(A maximum size of a stack area to be used is 128 bytes.)
21.3.3 Flash Vector 889 Description amended

Address Control
Register (FVACR)

FVACR maodifies the space from which the vector table data of
the NMl interrupts is read. Normally the vector table data is read
from the address spaces from H'00001C to H'00001F.
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21.4.2 User Program 889 Description amended
Mode ...For details on the frequency setting, see the description in
(2) Programming 21.3.2 (2) (a), Flash programming/erasing frequency parameter
Procedure in User (FPEFEQ: general register ERO of CPU).
Program Mode ...For details, see the descriptions in 21.3.2 (2) (a), Flash
6. The FPEFEQ and programming/erasing frequency parameter (FPEFEQ: general
FUBRA parameters are register ERO of CPU), and 21.3.2 (2) (b), Flash user branch
set for initialization. address setting parameter (FUBRA: general register ER1 of
CPU).
21.8 Serial 930 Description amended
Communication * Size (one byte): Amount of device-code data
Interface Specification L
for Boot Mode This is fixed at 4
(4) Inquiry and
Selection States
(b) Device Selection
Figure 21.21 942 Figure amended
Programming
Sequence Host Boot program
Programming selection (H'42, H'43 ) VTransfer of the
programming
program
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - _-_
(9)Programm|ng/ ______ 943 Description amended
Erasing State » Programming Address (four bytes): Start address for
(b) 128-byte programming
programming Multiple of the size specified in response to the programming
unit inquiry (i.e. H'00, H'01, H'00, H'00 : H'00010000)
24.2.1 Clock Division 972 Description amended
Mode ...In clock division mode, the CPU, bus masters, and on-chip
peripheral functions all operate on the operating clock (1/2,
1/4 ') specified by bits SCK2 to SCKO.
25.2 Register Bits 1004  Table amended

Register
Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
Fces® I - = FLER —  — - SCO  FLASH
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26.1.2 DC 1020 Table amended
Characteristics
Test
Table 262 DC Item Symbol Min. Typ. Max. Unit Conditions
ot Input high ~ STBY, Vin Veex09 — Vec+0.3 VvV
Characteristics (1) voltage D2 to MDO
RES, NMI, EMLE Veex0.9 — Vec 403V
EXTAL Veex 0.7 — Vec+0.3  V
Port 3, 22 — Vec+0.3  V
P50 to P53*,
ports 6*° and 8*°,
ports A to H*®
Port 4, Port 9 22 — AVcc +0.3  V
Inputlow  RES, STBY, Vi -0.3 — Veex 0.4V
voltage MD2 to MDO,
EMLE
NMI, EXTAL -0.3 - Veex02  V
Ports 3 to 6*°, 0.3 — Veex 02V
Port 8%,
ports A to H*®,
port 9
Output high All output pins Vou Vec-05 — — V. lon=-200 pA
voltage Vee-1.0  — — Vo lop=—1mA
Output low  All output pins VoL — — 0.4 \Y lo.=1.6 mA
voltage P32 to P35** = = 0.5 V.  lo=80mA
Notes 4 added
4. When used as SCLO to SCL1, SDAO to SDAL.
Table 26.4 1022  Table amended
Permissible Output " Svmbol  Mi T " Unit
em ymbol in. yp. ax. ni
rrent
CU ents Permissible output low SCLO, 1, SDAO, 1 lou — — 8.0 mA
current (per pin) Output pins other — 2.0
than the above
26.1.6 Flash Memory 1033 Table amended
Characteristics
Test
Table 26 13 FlaSh Item Symbol Min. Typ. Max. Unit Conditions
.. P ing time™" *2* te — 10 200 /
Memory Characteristics rogramming fme 198 bytes
(0_35-um F-ZTAT Erase time*" *** te — 50 1000 ms/blocks
Version) Rewrites Nwec 100" 10000™ —  Times
Data retention time tore 0% — — Years

1034

Notes 7 to 9 added

7. The minimum number of rewrites after which all
characteristics are guaranteed. (Characteristics are
guaranteed over a range of one rewrite to the minimum
number of rewrites.)

8. Reference value for 25°C. (Rewrites usually function up to
this standard value.)

9. The data retention characteristics within the specification
range, including the minimum number of rewrites.
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26.2.2 DC 1036  Table amended
Characteristics
Test
Table 26.15 DC Item Symbol  Min. Typ. Max. Unit Conditions
;o Input high  STBY, Vin Veex 0.9 — Vec+0.3  V
Characteristics voltage D2 o MDO
RES, NMI, EMLE Veex0.9 — Vec 403V
EXTAL Veex 07 — Vec 403V
Port 3, 22 — Vec+03
P50 to P53*,
ports 6*° and 8*°,
ports A to H*®
Port 4, Port 9 22 — AVec+03 V
Inputlow  RES, STBY, Vi -0.3 — Veex 0.1V
voltage MD2 to MDO,
EMLE
NMI, EXTAL 03 — Veex02 V
Ports 3 to 6*°, -0.3 — Veex02  V
Port 8*%,
ports A to H*®,
port 9
Output high All output pins Vou Vec-05 — — V. lon=-200 pA
voliage Vee-1.0  — — Vo lon=—1mA
Output low  All output pins VoL — — 0.4 \Y lo.=1.6 mA
voltage P32 to P35** — — 0.5 V. lo=80mA
Table 26.17 1038 Table amended
Permissible Output " Svmbol  Mi T " Unit
em 'mbo n. . ax. n
Currents _ th : L x !
<ermissible output low SCLO, 1, SDAO, 1 lou — — 8.0 mA
current (per pin) Output pins other — — 2.0
than the above
26.2.3 AC 1044  Table amended
Characteristics
Item Symbol Min.
Table 26.21 Bus e L e L P PP T PP A
Timing (2) WAIThold time b . ;

RENESAS
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26.3.2 DC 1051 Table amended
Characteristics Test
es
Table 26.28 DC Item Symbol  Min. Typ. Max. Unit Conditions
;o Input high  STBY, ViH Veex 0.9 — Vec+0.3  V
Characteristics voltage D2 o MDO
RES, NMI, EMLE Veex 0.9 — Vo403V
EXTAL Veex 0.7 — Vee+0.3  V
Egg% - 2.2 — Vee +0.3 Vv
ports 6*° and 8*°,
ports A to H*®
Port 4, Port 9 2.2 — AVeec +0.3  V
Inputlow  RES, STBY, Vi -0.3 — Veex 0.4V
voltage MD2 to MDO,
EMLE
NMI, EXTAL -0.3 — Veex02 V
Ports 3 to 6*°, -0.3 — Veex02  V
Port 8*
ports A to H*®,
port 9
Output high All output pins Vou Vec-05 — — V. lon=-200 pA
voliage Vec—10 — — Vo lon=-1mA
Output low  All output pins VoL — — 0.4 \Y lo.=1.6 mA
voltage P32 to P35™ — — 0.5 V. lo.=8.0mA
Table 26.30 1053 Table amended
Permissible Output " Svmbol  Mi T " Unit
em ymbol in. yp. ax ni
Currents <ermissible output low SCLO, 1, SDAO, 1 lou — — 8.0 mA
current (per pin) Output pins other — — 2.0
than the above
26.3.3 AC 1059 Table amended
Characteristics
Item Symbol Min
Table 26.34 Bus R e TR -
Timing (2) WATholdtime ~ twm R ;
26.4.3 Bus Timing 1070  Figure amended
Figure 26.7 Basic Bus = ""mtotommooooooomommooooooooos TR R R
Timing: Two-State | FDACD
Access EDACK2, EDACK3
Figure 26.8 Basic Bus 1071  Figure amended
Timing: Three-State
Access
EDACK2, EDACK3
Figure 26.10 Basic 1073  Figure amended

Bus Timing: Two-State
Access (CS Assertion
Period Extended)

EDACK2, EDACK3
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26.4.3 Bus Timing 1074  Figure amended

Figure 26.11 BasiC 7T

Bus Timing: Three-

State Access (CS EDACKEEDACKS

Assertion Period

Extended)

Figure 26.14 DRAM 1077  Figure amended

Access Timing: TWO- .

State Access N tepacD1 tepacD2
EDACK2, EDACK3

Figure 2615 DRAM 1078  Figure amended

Access Timing: Two-

StaFe Access, One E5ACKE. ESACRS

Wait

Figure 26.16 DRAM 1079  Figure amended

Access Timing: TWO- .

State Burst Access Jepacot fepaco2
EDACK2, EDACK3

Figure 2617 DRAM 1080 Figure amended

Access Timing: Three-

State Access (RAST =

1)

Figure 26.18 DRAM 1081  Figure amended

Access Timing: Three-

State Burst Access EDACKZ, EDACK3

2644DMAC and ______ 1088  Figure amended

EXDMAC Timing ..

t t

Figure 26.28 DMAC el EDRED?

and EXDMAC Slngle m’ EDACK3

Address Transfer

Timing: Two-State

Access

Figure 26.29 DMAC 1089  Figure amended

and EXDMAC Single
Address Transfer
Timing: Three-State
Access

tepacoi tepaco2

EDACK2, EDACK3
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26.4.4 DMAC and 1090  Figure amended
EXDMAC Timing

Figure 26.30 DMAC

and EXDMAC

TEND/ETEND Output ETEND2, ETEND3
Timing

Figure 26.31 DMAC 1090 Figure amended
and EXDMAC il

DREQ/EDREQ Input tebras | tberaH
Timing

EDREQ2, EDREQ3
Flgure 2632 _____________ 1090 Figure amended

EXDMAC EDRAK
Output Timing teDRKD teprkD

EDRAK2, EDRAKS

C. Package 1107  Figure replaced
Dimensions

Figure C.2 Package
Dimensions (TLP-
145V)

All trademarks and registered trademarks are the property of their respective owners.

Rev.7.00 Mar. 18, 2009 page xxii of Ixvi
REJ09B0109-0700
RENESAS



Contents

SECHION L OVEIVIBW ...ttt e st e s reeae e e steesesreesseenseeneensens 1
O = (0 £ TSROSO 1
1.2 BIOCK DIGOIEM ...uiieuiiterieiietest ettt sttt eb bt ns et e e bt nn e ene e e ens 3
IR B = T I DTS ] o1 o PSS 7
O T O . 1o 1N 4 =0 Te = = | PSR 7

1.3.2 PinArrangement in Each Operating MOGE...........ccovviveeeeieerese e eeeseenie e 12

1.3.3  PINFUNCLONS ..ottt ettt et s e e neen 18
SECHON 2 CPU ...ttt ettt s it e e sre e e reesneeeareas 35
2.1 FEBLUIES ...ttt e et R R R e R e R e ne e n e n e 35
2.1.1 Differences between H8S/2600 CPU and H8S/2000 CPU ..........cccceeevireevrierieennes 36

2.1.2 Differencesfrom HB8/300 CPU ........cccccoreiririeininieiriniecsiesie e seeeens 37

2.1.3 Differences from H8/300H CPU..........ccoiiiiiiieeiere e 37

2.2 CPU OPErating MOUES.......coueeiuiriieetirieietest ettt nn e 38
221 NOMMAI MOOE. ... .ottt sttt see b b ne e see e 38

222 AQVANCED MOUE.......cuiiiiiciiiiee ettt 40

P T 0 0 1S oot Y 42
P S o = (= g @0 a1 {10 (11 (o) o 43
241  GENErAl REJISIEIS ..ottt 44

2.4.2  Program COUNLEr (PC) ....ciiirieiiiirieieie ettt 45

24.3 Extended Control Register (EXR) ..ccoirieiiririinirieieeriesi s 45

24.4 Condition-Code REGISLEr (CCR) .....ccvuvviereiriereeieriesesiesteseeee e see e sres e eaeseeseeses 46

245 Initiadl REQISIEr VAIUES.......c.eceeieectece ettt st e sne e 47

2.5 DEAFOMMAELS......oi it n e s 47
251 Generd Register Data FOrMELS. .........ccoviireiiinieiiiiesieeereee s 48

252 Memory DataFOrMBatsS.........ccooeiiiiiiiieieeeese e s 50

P22 T 1 S (U Tox o 1= R 51
2.6.1 Tableof Instructions Classified by FUNCION .........cccccoviiviecicii e, 52

2.6.2  BasiCINSrUCLON FOMMELS ........coveiriiieiiriiieiesieeeese et seenes 61

2.7 Addressing Modes and Effective Address CalCulation...........cccceveveeveveniesnseseseeee e 62
271 ReQIStEr DIrECI—RIN......cciiiiiiicirteet e 63

2.7.2 Register INdireCt—@ERN ......cc.cooiiiiiiieeieeeeee e 63

2.7.3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn)................. 63

2.7.4 Register Indirect with Post-Increment or Pre-Decrement—@ERnN+ or @-ERn..... 63

275 Absolute Address—@aa:8, @aa:16, @aa:24, Or @BEA32.......ceeeereneeererieerieneens 64

2.7.6  Immediate—H#xXX:8, HXX:16, OF HXX:32 .irueiririeirierieieiesteeere s seenes 64

2.7.7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC).......ccccevrereeerineiriennnes 65

2.7.8 Memory INdireCt—@@AAI8 .........ccerverueeieeee et 65
Rev.7.00 Mar. 18, 2009 page xxiii of Ixvi

REJ09B0109-0700

RENESAS



2.7.9 Effective Address CalCUIGLioN .........oooecuiiiieeiee ettt e s 66

2.8 PrOCESSING SEBLES......cutiteueetirteeetestee ettt ettt ettt b et b et b e bt ne e bt st ne bt se b nnene e 68
2 B U L= o < N (o L= T PP PO PP PP 69
2.9.1 Noteon Bit Manipulation INSITUCLIONS.........cccceverereeieceeses e 69
Section 3 MCU Operating MOUES........c.cceeiieieieesiecte et 71
3.1 Operating MOde SEIECHION.........ciiieeiriieee e 71
3.2 REQISIEr DESCIIPLIONS.....cueitiueeeirtiieieriee ettt ettt bbb b e b re s 72
3.21 Mode Control Register (MDCR) .....cccoeiiieieceeeeesie st 72
3.2.2 System Control ReGIStEr (SYSCR) .....ccviviiericiereese et e e see e neeeas 72
3.3 Operating Mode DESCIIPLIONS .......ccueiiieristeseeeeieesee e see e sreeree e esaeseessestesresresseesaeseessenseseens 75
1T I3 R Y o [ ST S TSSO 75
.32 MO 2.t bbb bbb bt 75
TR T T Y [T [ ST PE ST ST 75
3314 MO A ... e 75
335 MO S ... 76
336 MOE 7. 76
BT I A = 1 0 = U o o USSR 77
34  Memory Map in Each Operating MOTe ...t 78
Section 4 EXCeption HaNAIING .......coveieiiiieiieeeeeeeeee s 93
4.1  Exception Handling TypeS and Priority .......ccccceceeiererieiiese e ceeseese e st se s see e s ees 93
4.2  Exception Sources and Exception VECtor Table.......cccvvvvevirecesese s 93
A3 RESEL...eceiiete et bbb £ bbb £ AR b b e bbbt e bt e bne 95
431 Reset EXCeption Handling.........cceirieiririeinisieincseeses e 95
432  INtErrUPLS aftEr RESEL......cceeiieiicirie e 97
4.3.3 On-Chip Peripheral Functions after Reset REI€aSe.........cccceevvvvveeececie e 97
4.4 Trace EXCeption HaNAIiNgG......c.coveiueieiere e et nne s 98
45  Interrupt EXCeption HanliNg.......ccoeveiireiecese e s 98
4.6 Trap Instruction EXCeption HandliNg........cccovreirenieienineeseese e 99
4.7  Stack Status after EXception Handling.........c.eoeirerineiniiesceeses e 100
4.8 USBOE NOLE.....cuiieiiiicicie st 101
Section 5 Interrupt CONLrOlEr .........ccvvieeceee e e 103
BiL FEAIUIES. ..ottt 103
5.2 INPUIOULPUL PINS.....oiiiiitiiiiitireeiet ettt 105
5.3 REQISIEr DESCIIPLIONS .....cveiueeetireeietertee ettt ettt bbbt s e e b b s s e e ens 105
5.3.1 Interrupt Control Register (INTCR)......cceoiiirierereeee et 106
5.3.2 Interrupt Priority Registers A to K (IPRA tO IPRK) .....cccceivivnireceeeeere e 106
533 IRQENaDIE REGISEr (IER) ....oceereeeierereirieiees s 108
5.34 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)........cccovvevrieeienereneenn 110

Rev.7.00 Mar. 18, 2009 page xxiv of Ixvi
REJ09B0109-0700

RENESAS



535  1RQ SIAUS REGISIEN (ISR).ovvvveeeeeeeererrereseeseeeeeeeseeeeeeeessesesesesssssseeeessseseseeeeeesesens 116

53.6 IRQPin Select Register (ITSR) ....ccoviuiriririeeririeeserie et 117
5.3.7 Software Standby Release IRQ Enable Register (SSIER) ......cccoevvevevvnevvsienene, 119
54 INTEITUDPE SOUICES.....ciitiiiteeitie et tee ettt ettt st st e b s b e s be e s be e s be e snbeesreennns 120
5.4.1  EXIENal INTEITUPLS ..c.veiviieie e sttt nesne e 120
5.4.2  INtErNal INEEITUDES.....c.eoviiteietiiteieteste ettt et ere e 121
55  Interrupt Exception Handling Vector Table..........coviriiiineninceereeeseeese s 121
5.6 Interrupt Control Modes and Interrupt OPEration............coeveerereeierireeeseseeeseseeese e 127
5.6.1 Interrupt Control MOAE 0......c.ccueiivieiiieeeieses et 127
5.6.2 Interrupt Control MOOE 2.......cceiueiieeeeeeeeser et et 129
5.6.3 Interrupt Exception Handling SEQUENCE .........ccoveeeveevevene s 130
5.6.4  INterrupt RESPONSE TIMES .....cuviviriiietirieieeteste ettt b e b e e besreneas 132
5.6.5 DTCand DMAC Activation by INTErrupt........coeivirieenineeserec e 133
5.7 USAQE NOLES ...t s sr e r e s 134
5.7.1 Conflict between Interrupt Generation and Disabling .........ccccceevevvevieneninvesiennnn, 134
5.7.2 Instructionsthat Disable INTETUPRLS.........ccecvieeeeieieee e 135
5.7.3 Timeswhen Interrupts Are Disabled ........cccoeviiiieceesesece e 135
5.7.4 Interrupts during Execution of EEPMOV INSIIUCLION..........cccvvrieieniriiiecrieieees 135
5.7.5 Changeof IRQ Pin Select Register (ITSR) SEtting ........ccooeeerereenereeneneeereens 135
576 IRQ StatUS REGISIEN (ISR)....ccueererieiririeiiririeenesie et es 136
Section 6 Bus Controller (BSC)......cviuevieieieesieee e 137
6.1 FEALUIES.....cuiieeeeerte ettt 137
6.2 INPUL/OULPUL PINS....cuiieiiitiieeiiitereeteste sttt ettt b e e ebe b e b b e b srenneneas 139
6.3 REQISIEr DESCIIPIIONS ... .eitiieeieete ettt b et b e et b e et b e e e b nneneas 142
6.3.1 BusWidth Control Register (ABWCR)........cccoiiircireneene e 143
6.3.2 Access State Control Register (ASTCR) ..ocvvveeeeeeeiecereses s 143
6.3.3 Wait Control Registers AH, AL, BH, and BL
(WTCRAH, WTCRAL, WTCRBH, and WTCRBL)......cccocevirrereereeinenerenennenene 144
6.3.4 Read Strobe Timing Control Register (RDNCR) ......ccooeoiiirieieniieese e 150
6.3.5 CS Assertion Period Control RegistersH, L (CSACRH, CSACRL).................... 151
6.3.6 Area0 Burst ROM Interface Control Register (BROMCRH)
Area 1 Burst ROM Interface Control Register (BROMCRL)........ccccvevvevveveriernns 153
6.3.7 BusControl REGISLEr (BCR) .....cceiueriirieeierieeesiesiesesestes e eaesae e ste e sse e enaessenseses 154
6.3.8 DRAM Control Register (DRAMCR) ......ccoeerrreirneinsieenes e 156
6.3.9 DRAM Access Control Register (DRACCR) ......oocirerieirenieenie e 164
6.3.10 Refresh Control Register (REFCR) ......cccciiiriiiniincene e 167
6.3.11 Refresh Timer Counter (RTCNT) ....cviiieirereenre et 170
6.3.12 Refresh Time Constant Register (RTCOR) ....cccccvveeeeieerenie e e sreseeeenee e 170
6.4 BUSCONLION .....oeivieiicreire ettt b et r e nnas 171
6.4.1  ATEADIVISION.....cioiiririiecie e 171

Rev.7.00 Mar. 18, 2009 page xxv of Ixvi
REJ09B0109-0700

RENESAS



6.4.2  BUS SPECITICALIONS.......cueiuirieieitisieieiesteeet ettt 172
6.4.3  MEMOrY INTEITACES. .....ci ittt r e 174
6.4.4 Chip SEECt SIgNAIS....iiiciiieiceeceere st a e r e e 175
6.5  BaSICBUSINEITACE ....cceeviiiiieiicieeere ettt 176
6.5.1 DataSizeand Data AlIGNMENL........ccccceieiiiirieeieeieses e e 176
B.5.2  Valid SITODES.......cviiiiiciiiteiee ettt sttt a et st a et sae e 178
6.5.3  BaSIC TIMING.c..ciitiiiiitiieise ettt st b e b e e b e 178
Lo Y T @ g L4 o SR 187
6.5.5 Read Strobe (RD) TiMING.....c.cceveeieeeieeieeeieeseseseeseesessessesessesssssssssssssssssssensessenes 188
6.5.6 Extension of Chip Select (CS) ASSertion Period............cccoeeveevreseresvseensssseneens 189
6.6 DRAM INLEITACE ..ottt e b e bbbt e e nas 191
6.6.1 Setting DRAM SPECE.......cceieeierieisieiieiste ettt se et steseesesbeseesesaesaesesaaneas 191
6.6.2  AdAress MUIIPIEXING.......ciueeiririeiisereeerieeet ettt eene s 191
B.6.3  Dal@BUS......co ittt sa et e 192
6.6.4 PinsUsed for DRAM INErfaCe.......couviriririieini et s 193
6.6.5  BaSIC TIMING...cccceiiiieieieeiese e et s e e e s e e see e e e e se e e saesbesaeeresneeneesaeseeneenes 194
6.6.6 Column Address Output Cycle CONtrol .........ccccevvveieserieeerere e 195
6.6.7 Row Address Output State CONIOl ..........coueeriereeerieneereseeere et 196
6.6.8 Precharge State CONtrol ..........occiierieinienieiieseee e 198
B.6.9 WAL CONLION ..ottt st sbe e 199
6.6.10 BYtE ACCESS COMLIOI ....oceeieieeiieiiecteeeeseee s e e se e et a e aesre e s 202
6.6.11 BUISt OPEraliON......ccveiereesiesiesiese e e ieeseesiesre e sae e s e eaeseestesbesaesresneeseesenseseesressenns 203
6.6.12 REFTESN CONLIOL .....c.ceviieiieiisiereeerte ettt se e b seeneas 208
6.6.13 DMAC and EXDMAC Single Address Transfer Mode and DRAM Interface..... 213
6.7  Synchronous DRAM INEEITACE. .......ccouiiiiiieiierces et 216
6.7.1  Setting Continuous Synchronous DRAM SPaCE..........cccoeveirireinineineneeie e 216
6.7.2  Address MUIIPIEXING.....cuieeereeieieiesese s e e et ne e e s 217
B.7.3  DA@BUS.....cci et 218
6.7.4 PinsUsed for Synchronous DRAM INterface.........ccooveeeveereveninseceseeeseseenies 218
6.7.5  SynchronoUS DRAM ClOCK .........ccoeiiiiiiiiiicise e 220
B.7.6  BaSIC TIMING....ciiiriiiriirieiiiereeee ettt st b e e b sr e b e 220
6.7.7  CASLAENCY CONIOL.......cuiiiirieiiiterieieste ettt st r e e b e e eresre e 222
6.7.8 Row Address Output State CONtrol.........ccccvvieieeerieeiereses e e 224
6.7.9  Precharge State COUNL......cceiueieeeeeesieseseste e ste e e e e e seesee e sresresneesaesae e saesreseeens 225
6.7.10 Bus Cycle Control inWrit€ CYCle ......cccvivvvieir e 227
6.7.11 BYte ACCESS CONMIOl .....oeeuiriiieiiiterieie sttt b e e er e e 228
B.7.12 BUISt OPEIELION. ....c.eeueitireeiieteieeiete st se et se bt se b e e b b e b b seebesbeseesesreneas 231
6.7.13 REfresh CONLIOL.......c.oouiiieeee et s 234
6.7.14 Mode Register Setting of SynchronoUs DRAM ........ccccvevevevinene s 240

6.7.15 DMAC and EXDMAC Single Address Transfer Mode
and Synchronous DRAM TNEEITaCe.......cccvvveieeierisie ettt 241

Rev.7.00 Mar. 18, 2009 page xxvi of Ixvi
REJ09B0109-0700

RENESAS



6.8  BUISt ROM INEEITACE. .. ...iitiieieeieieiee ettt st 246
6.8.1  BaSIC TIMING.c..ciitiieiiriirieiiie ettt b e et b e e b e e b e 246
6.8.2 WL COMMIOL ...c.ecvieeiereereeiees et 248
6.8.3  WIE ACCESS....viuieereeiresreise ettt es 248
LIRS T o (1Y 1Yo 1S 249
B.9.1  OPEIALION ...ttt sttt b ettt b e et b e et b et b e et b e b ene s 249
6.9.2 PinStatesin [l CYCle.. ..o 268
6.10 Write Data BUffer FUNCLION .........ooiiiiieee e e s 268
B.11 BUSREIGASE.....ccuiiciicieiee ettt b e e b e bbbt ne s 269
L350 I R @ o= = 14 o] [ 270
6.11.2 Pin Statesin External Bus Released State...........coevvvrmereiinneenneireseeseseeenens 271
6.11.3 TranSition TIMING ....c..ccceerieiirireene et sr e enesre e 272
I 2 10 AN 4 o1 = 1o S SST 274
B.12.1  OPEIALION ...cveeeuietereeieete sttt sttt se et se et eb e et b e et b e se e st b se et b e e b e ene b e eneas 274
6.12.2 BUS TranSfer TiMING.....ccceoieieriereiesieeieesee s e e e e e e se e e st e e sae e e e 275
6.13 BusController Operation iN RESEL ........cccciiiieieeieere s ree st ens 276
B.14  USAQE NOLES.....ciiiiiiitiie ittt sttt sttt ettt e st e e e b s s be e s abe e st e e sabe e sabeesabeesnbeenanee s 277
6.14.1 External Bus Release Function and All-Module-Clocks-Stopped Mode.............. 277
6.14.2 External Bus Release Function and Software Standby ...........ccoeeeevincninieenne. 277
6.14.3 External Bus Release Function and CBR Refreshing/Auto Refreshing................ 277
6.14.4 BREQO OULPUL TiMING c.eeveiveeieiieereeieeieesieseeseseesreseeseeseessesseseessessessesssessessessessenes 278
6.14.5 Noteson Usage of the SynchronOUS DRAM .......ccccvcveievere v 278
Section 7 DMA Controller (DMAC) .....c.ooiieieceee e 279
A R < T (=TSSP URUPROR 279
7.2 INPUL/OULPUL PINS....cviiiiiitiieeiietereete sttt b e bbb e b sbesn b nnennene s 281
FACTIN = 0 1= (= gl D= o 1] 110] 1 S 281
7.3.1 Memory Address Registers (MARA and MARB) ........ccocevevininve e 283
7.3.2 /O Address Registers (IOARA and IOARB) .......cocivireineneenie e 283
7.3.3 Execute Transfer Count Registers (ETCRA and ETCRB) ........cccoceveivincenienee 284
7.34 DMA Control Registers (DMACRA and DMACRB) .......cccvvioinneiernicenenieees 285
7.35 DMA Band Control RegistersH and L (DMABCRH and DMABCRL).............. 293
7.3.6 DMA Write Enable Register (DMAWER) .......ccouviiniininnineneeeseseee e 304
7.3.7 DMA Terminal Control Register (DMATCR)......ccceveiererevesere e 306
T4 ACHVELION SOUMCES ......evereeiresrieisieree st se e se e r et r e nnen e nren e nnas 307
7.4.1 Activation by Internal Interrupt REQUESE..........coveeeirieeririeesie e 308
7.4.2 Activation by EXternal REQUESE .......c..cviirieiiinieiseseeese et 309
7.4.3  Activation DY AULO-REQUESL..........ccceoeeirieieierieiete ettt 309
A T @ = - 1] o S 309
751 Transfer MOOES......ccuoveieereerieieire et 309
7.5.2  SeqUENLIAl MOUE ......c.coiiieieie ettt st st be b 312

Rev.7.00 Mar. 18, 2009 page xxvii of Ixvi
REJ09B0109-0700

RENESAS



753 TAIEMOUE. ...ttt s r e e 314

7.5.4  REPEA MOUE......cciiceiiieieise ettt sttt st sa et s te e tesaeseetesaaneas 316

755  SiNGle AdreSS MOE. ......cceiiiieiiceeee et 320

756  NOMEA MOUE......coiiiiiiieiee et sttt e e b e 323

7.5.7  BlOCK Transfer MOUE.......ccoviieiiireisenese ettt 326

7.5.8 BaSICBUSCYCIES......ciiiiieiiieicieeie ettt bbb 331

759 DMA Transfer (Dual Address Mode) BuS CyCIES........cocvrvrieeniiienencnieneeienieas 332

7.5.10 DMA Transfer (Single Address Mode) Bus CyClEs.........cccovvveeninieienenieneeienieeas 340

7.5.11 Write Data BUFfer FUNCLION ........oviiiieiieriercsee s 346

7.5.12 Multi-Channel Operation.........cccceeeienieiesesese e e 347
7.5.13 Relation between DMAC and External Bus Requests, Refresh Cycles,

AN EXDMAC ...ttt sttt st st st sttt ne st nns 349

7.5.14 DMAC and NMI INEEITUPLS......ceivirieieeerieiete ettt 350

7.5.15 Forced Termination of DMAC OPEraioN.........cceeruereererieneererieneeresieseereseesesreseeeas 351

7.5.16 Clearing Full ADdreSS MOGE.........cceveeieiereere e et 352

7.6 INEEITUDPE SOUMCES. ...eiiuiiiiieiitie ettt sttt st s te et saee e sbe e e sbt e e b e e e sbaeenbe e e sbeeenbe e e saeeenree s 353

A G S £ o <3 N (o 1= PP 354

7.7.1 DMAC Register Access during OPEration..........ccceereererererereeeseseeeseseesesieneas 354

T.7.2  MOOUIE SEOP....ecueetieeeeteitetete ettt sttt sttt bttt b e bt b e bt besneseeb e e esenre e 355

7.7.3  Write Data BUFfer FUNCHION .......ocooiiiiiiieceeeeece e 356

774 TEND OUIPUL. ....eitiieiieieieeiise sttt see st et see e sbesee e ebesseneebeseenesseseeneas 356

7.75 Activation by Falling EdQge 0N DREQ PiN.......ccccovviiiciiciere e 357

7.7.6  ACtivation SOUrCE ACCEPLANCE......cceivererieerertesteeeeseesaeseeste e sre e saeeresseeeeaeseeneeses 358

7.7.7 Internal Interrupt after End Of Transfer.........cooooeivinenineinereeeeseeeieae 358

7.7.8  Channel RE-SELtNG .......cccereeiirieireeerie ettt eb e 358

Section 8 EXDMA Controller (EXDMAC) .....ooiiiiiiieieeeriesesesese e 359

ST = LU=~ PSR 359

LS 02 1 o101 @ 111U G = 1 = S 361

8.3 REQISIEr DESCIIPLIONS .....cueuieetireeeeteseeiete sttt ettt b bbb e et sn e bt b e s n e enis 362

8.3.1 EXDMA Source Address Register (EDSAR) .......cccoerereenenieene s 362

8.3.2 EXDMA Destination Address Register (EDDAR) ......ccoeeeerniiinineierrieesesieie s 362

8.3.3 EXDMA Transfer Count Register (EDTCR).......covevirereerenieenie e seeesie e 363

8.34 EXDMA Mode Control Register (EDMDR) .......ccccveeeieevereniseseseseeeeee s 365

8.3.5 EXDMA Address Control Register (EDACR) ......ccooveerieeriererese e eee e 370

84 OPEBIION.....cueitieeieetest ettt b bbb bR e Rt Rt h R b e ne e ens 374

8.4.1  TranSfer MOES. .....coui i et 374

ST A N0 (0 | €= 1Y oo (=SSR 375

8.4.3 DMA Transfer REQUESES .......ccee it 379

844 BUSMOUES......ccuiitiieiiite ettt sttt ettt st sttt st e et e 379

845  TranSfer MOUES.......cceruiieiisie ettt st sttt see e sbeseeneas 381

Rev.7.00 Mar. 18, 2009 page xxviii of Ixvi
REJ09B0109-0700

RENESAS



8.4.6 Repeat Ar€aFUNCIION ......cceeuiiiiiciiieet ettt 383

8.4.7 Registersduring DMA Transfer Operation..........ccocoeeereeeeerieienerieiesieseeesieseeeas 385
8.4.8 Channel Priority OFdEr.......ccccveieieeeeieeieiese e s e et 390
8.4.9 EXDMAC BusCycles (Dual Address Mode).........ccoveereeeereeresiesesieseeeeseeneens 393
8.4.10 EXDMAC Bus Cycles (Single Address Mode) ........ccccvveeeerenenesesieseeee e 400
8.4.11 Examplesof Operation Timing in Each Mode...........cccoeieiiinninincieecnees 405
8.4.12 ENAiNG DMA TTaNSFEN .....c.oiiiieiiieieeesterieeete ettt 418
8.4.13 Relationship between EXDMAC and Other BUSMasters.........ccooeeeeneeieneseennnnn 419
8.5 INTEITUDPE SOUICES.....coitiiiiee ittt sttt st e b s bt e s be e s b e s be e sab e e sreennns 420
8.6 USAQE INOLES ... .eiiceii ittt e s e b et ba e r e e aa e e ae e nns 422
8.6.1 EXDMAC Register Access during OPeration .........ccccocevereveseseeesseeseesesseneenns 422
8.6.2  MOUUIE SEOP SEALE.......cueiveieiiererieieeie sttt st b e e sr e e sre e 422
8.6.3 EDREQ Pin Falling Edge ACHIVALION..........ccoiieirireineneseseeec e 422
8.6.4  Activation SOUrCE ACCEPLANCE........ciueuerrerieuertireeieste st st sr e ere e e b sr e sreseeneas 423
8.6.5 Enabling Interrupt Requests when IRF = Lin EDMDR .........ccccvvvevivveceneseeen, 423
8.6.6 ETEND Pinand CBR Refresh CyCle........ccviviiriieiieiesese e 423
Section 9 Data Transfer Controller (DTC) ...cvvvvveeveeiieseeie e 425
LS N R o USSR UPRORR 425
9.2 REQISIEr DESCIIPLIONS .....cvetiueetirteietesteeete sttt sr bbb bbbt se e b b s s sn e ens 427
9.21 DTCMode Register A (MRA) ..o s 427
9.22 DTCMode Register B (MRB).......cccovririirnieenenieenesieiesesree s es 429
9.23 DTC Source Address REGISLEr (SAR)....cceieieieiereceeeesees et 429
9.2.4 DTC Destination Address Register (DAR) ......ccccviereerenenerieene e 429
9.25 DTC Transfer Count Register A (CRA) ..o 430
9.26 DTC Transfer Count Register B (CRB).......ccoeoiiirieiinierieene e 430
9.2.7 DTCEnableRegisters A toH (DTCERA to DTCERH) ......cccevvvveverniccneeneenes 430
9.2.8 DTC Vector Register (DTVECR) ......cciiieierieeerieeesrereesesee e 431
9.3 ACHVELION SOUICES......ccveuereeieiisiereere st sr e e s s r b e a b nen e nnen e nnas 432
9.4  Location of Register Information and DTC Vector Table........ccoeeviveinienencneeenes 433
0.5 OPEIBIION.....ueiteeeeete ettt ettt h bbbt Rt h R e bt n e nenr e ens 437
051 NOMMA MO . ..ottt et see e e 440
LS I = (= o= 1Y oo (= TS 441
9.5.3  BIOCK Transfer MOOE..........ccuvrieirenieessieeses s 442
9.5.4  ChaiN TraNSFEN ...c.ocviveieiereeee s 443
O0.5.5  INLEITUPL SOUMCES.......ooiieireieierere e e e 444
9.5.6  OPEration TiMING.....ccceerreeerereeiererieesre s eeere et sr st sreseese b see e b seesesbeseenesreseeneas 444
9.5.7 Number of DTC EXECULION SEALES ......ooveiveriirierieeiie e 445
9.6  Proceduresfor USING DTC.....ocviieieieeie st see e s et sa e sne st sne e n e s 47
9.6.1 Activation BY INEEITUPL......ceieeeeece e e 447
9.6.2 Activation BY SOftWare.......cccvceeeeeeicsese s 447

Rev.7.00 Mar. 18, 2009 page xxix of Ixvi
REJ09B0109-0700

RENESAS



9.7 Examplesof USe Of tNEDTC ..ottt 448
9.7.1  NOIMME MOE.......oi ittt sre e s reebeeanesneesreesraens 448
9.7.2  ChaiN TranSFEN ...oci et st st st seeneas 449
9.7.3 Chain Transfer When Counter = O........coeirereenieneiese e 450
9.7.4  SOftWAIe ACHIVALION ....cvevveieiiiieeeie ettt b e 452
0.8 USAGE NOLES ...t e r e r e 452
9.8.1 Module Stop MOAE SEIING .....veiveuerrireeirte et 452
9.8.2  ON-ChIP RAM ..ottt ettt sttt sttt st e et st e e besae e tesaeneeresaeneas 452
9.8.3  DTCE Bit SELNG.....ccirieuerierieririerieiesieeste et sttt s se st be st e b seenens 453
9.84 DMAC Transfer ENd INLEITUPL........cccveiieiereise e sere e see e 453
9.85  ChaiN TranSfEr ....coveeiceieiee e sttt st seeneas 453
SECtiON 10 1/O POIS.....cciieie ettt sttt st 455
05 = T 5 SO 460
10.1.1 Port 1 Data Direction Register (PIDDR).......cccccvvieiererrreseseseseeeeseese e ssesee s 460
10.1.2 Port 1 Data Register (PLDR)......cccccoveiririeine ettt 461
10.1.3 Port 1 ReGISEr (PORT L) ..ccciiirieiiiereeie ettt sttt s st s st 461
10.1.4 PiNFUNCHIONS ....cviiie ettt sttt ettt e e teenesneesaeesre e reenes 462
O = OSSPSR 472
10.2.1 Port 2 Data Direction Register (P2DDR)........ccccoeirerieineneeesereeie e 472
10.2.2 Port 2 Data RegiSter (P2DR)......ccccciiueiririeieie ettt st 473
10.2.3 Port 2 REGISIEr (PORT2)....ciiiciiiie ettt sttt st sttt 473
10.2.4 PINFUNCHONS ..ottt st st sttt sttt st e 474
0T T = A TSSO 482
10.3.1 Port 3 Data Direction Register (PSDDR)........cccoreirereinieneeeserese e 482
10.3.2 Port 3 Data RegiSter (P3DR)......cccciviueieieiieieiesieieeesieesestee ettt se s s 483
10.3.3 Port 3 ReGISIEr (PORT3)...cciiiieiisiereee ettt st s st sttt 483
10.3.4 Port 3 Open Drain Control Register (P3ODR)........ccccvveeievereneseseseeeseeseenee s 484
10.3.5 Port Function Control Register 2 (PFCR2) ........ccovveeeveeieresese e sreseeeesae e 485
10.3.6 PINFUNCHIONS ....c.viiii ettt et ettt ettt e e e s e re e re s 486
O T SO 489
10.4.1 Port 4 ReQISIEr (PORTA)....coiiieiiieseeie ettt e sttt st sn et nnens 489
10.4.2 PINFUNCHONS ..ottt st st sttt sttt st 490
0T g TSRS 491
10.5.1 Port 5 Data Direction Register (PSDDR).......cccccvveeeieerrreseseseseeeeseese e e 491
10.5.2 Port 5 Data RegiSter (PSDR)......cccccviueieiiiieieiesese e sieeee sttt st snens 491
10.5.3 Port 5 REGISIEr (PORTD) ...ciiiieiiiesieiestesiee ettt sae st sne st snens 492
10.5.4 PiNFUNCHIONS ....cviiie ettt ettt e e te e reenn e saeeene e reenes 492
0T = G TSRS 494
10.6.1 Port 6 Data Direction Register (PEDDR)........cccccccveeereerereveseseseeeeseese e e 494
10.6.2 Port 6 Data Register (PEDR)........cccovueiririeiririeesie et s 495

Rev.7.00 Mar. 18, 2009 page xxx of Ixvi
REJ09B0109-0700

RENESAS



10.6.3 POIt 6 REGISET (PORTE)......oeeeeeveeeeeveeeeeersessssssseseeeessseeseseeeessesessssssseseeesssssseeee 495

10.6.4 PiNFUNCLIONS ..ottt sttt st st ebe e e e see b e e 496
O A 4 < TSSO 499
10.7.1 Port 8 Data Direction Register (PBDDR)........cccccvvveeererereneseseseeeeseese e e 499
10.7.2 Port 8 Data Register (PBDR)........cccoiueiriirieieiesie sttt s 500
10.7.3 Port 8 REGISIEr (PORT8)....c.ciiiciiieieeie ettt e ettt st st snens 500
10.7.4 PiNFUNCLIONS ..ottt ettt sttt st ebe e e e seesbe e e 501
O = SO PS 505
10.8.1 Port 9 RegIStEr (PORTO)....ciiirieiriereeesie ettt st sttt st 505
10.8.2 PINFUNCHONS ...ttt st st sttt sttt st 506
O T =g 0 NSRS 507
10.9.1 Port A Data Direction Register (PADDR) ......c.cooeiiineiineneesereeeseese e 507
10.9.2 Port A Data RegIiSter (PADR) ......cccviueieiiiieietesieeete e saee ettt sae e st 508
10.9.3 Port A ReQISIEr (PORTA) ..c.oiiieisieieeie ettt ste s et e st see e st se e st sa e st seesesteeens 508
10.9.4 Port A Pull-Up MOS Control Register (PAPCR) ........ccceoeveieninveseseeeeee e 509
10.9.5 Port A Open Drain Control Register (PAODR).......ccccvceeievereneseseseeeeee e 509
10.9.6 Port Function Control Register 1 (PFCRL) ......cccccvvveeeieeiere e ereseeeeree e 509
10.9.7 PiNFUNCLIONS ..ottt sttt st st ebe e seesre e e 511
10.9.8 Port A INpUt PUIl-UP MOS SEAES.......ccviriieiisierieie e st ste st sesse st 512
000 T = SRS 513
10.10.1 Port B Data Direction Register (PBDDR) ......cccvvoveieierere e e 513
10.10.2 Port B Data RegiSter (PBDR) ....c.covvieirierieesie ettt 514
10.10.3 Port B REGISLEr (PORTB) ....ccveeeiirieririesiereeie ettt sttt st 514
10.10.4 Port B Pull-Up MOS Control Register (PBPCR).......ccccooveiinineereec e 515
10.20.5 PiN FUNCLIONS ..ottt sttt st be e see e e e 515
10.10.6 Port B Input PUll-UpP MOS SEALES.........cceitirieiirienieie ettt 516
05 o T OSSR 517
10.11.1 Port C Data Direction Register (PCDDR) ......cccvvoveieveresesesieseeeeeeseee e e 517
10.11.2 Port C Data RegiSter (PCDR) ....cvoiieieierieieie sttt st 518
10.11.3 Port C ReGISLEr (PORTC) ..cuvivieciiiiereeiesieseeie e see et see et seese st nesnesseens 518
10.11.4 Port C Pull-Up MOS Control Register (PCPCR).......cccoooveinereisereeesieesiesieee 519
O o g T o o P 519
10.11.6 Port C Input PUll-UpP MOS SEALES......ccceriierierieenienieese st 520
05 2 = g O SRS 521
10.12.1 Port D Data Direction Register (PDDDR) ......ccoveveievieresesesieseseeeseeae e seenee s 521
10.12.2 Port D Data RegISter (PDDR).......ccvievieiiiieieisieneeteseneeesteestesaeestesaesestessesessesnns 522
10.12.3 Port D Register (PORTD) .....ccovuciiierieesierieesieseee e seeestesaese e e e steseesestesessessenenns 522
10.12.4 Port D Pull-up Control Register (PDPCR).........cccoireirerieesieneee e 523
10.12.5 PiNFUNCHIONS ....coveiteeecse ettt st st sttt sttt sttt st 523
10.12.6 Port D Input PUll-UpP MOS SEELES......c.ccirieerierieisiesieesie st 524
05 T o SO 525

Rev.7.00 Mar. 18, 2009 page xxxi of Ixvi
REJ09B0109-0700

RENESAS



10.13.1 Port E Data Direction Register (PEDDR) .........ccoceoirireineneenereseseesie e 525

10.13.2 Port E Data RegiSter (PEDR)........ccovevieiiiieiee e et e et 526
10.13.3 Port E RegISter (PORTE).....cccoiiiierieirie ettt sttt st 526
10.13.4 Port E Pull-up Control Register (PEPCR) ......ccccoviieerieceere et 527
10.13.5 PiNFUNCHIONS ...ttt sttt st sttt sttt st 527
10.13.6 Port E Input PUl-UP MOS SEBLES ......c.eeuerverieiirienieie sttt 528
00 7 T SRS 528
10.14.1 Port F Data Direction Register (PFDDR) .......cccveririrerneneesereee e 529
10.14.2 Port F Data RegiSter (PFDR) .....oivciiirieesieee et 530
10.14.3 Port F REGISLEr (PORTF) ..cueiuiieeieie ettt sttt sttt s st 530
O o W T o SO STR 531
00 ST T SO PS 535
10.15.1 Port G Data Direction Register (PGDDR) ........ccoeoirereeniereeseresie e 535
10.15.2 Port G Data RegiSter (PGDR)........cccoieeiiirinieereeiee sttt es 536
10.15.3 Port G ReQIStEr (PORTG) ....ccveveuirierieiesiesieesieseeeste st seesesteses st sessestesessestenenns 536
10.15.4 Port Function Control Register 0 (PFCRO) .......ccccvviveeeieereresese e ereseeeesae e 537
10.15.5 PiNFUNCHONS ....coveitiecise ettt sttt st st sttt 537
00T T SRS 540
10.16.1 Port H Data Direction Register (PHDDR) ........ccoceeirireineneeseresie e 540
10.16.2 Port H Data RegIiSter (PHDR) .......ccccoevieieiterieesiereete s ettt 542
10.16.3 Port H RegiSter (PORTH) ....ccviueiiiieeisie ettt sttt st 542
10.16.4 PiN FUNCHIONS ....ccueiteieecsie sttt sttt st sttt sttt st sttt 543
Section 11 16-Bit Timer Pulse Unit (TPU) ...c.cccvvieeiiee e 545
T R = (= TSV 545
11.2  INPUL/OULPUL PIMNS.....iitiieiiiteieeiesiesieie sttt eb et bbbttt 549
11.3 ReQIStEr DESCIIPLIONS ... .cccveitiierieeteeeeeete st e e steste s e e e e se e e sresresse e s eaeseetesresresseeneeneeseenees 550
11.3.1 Timer Control REGISLEr (TCR) ....cccveieieeese et 552
11.3.2 Timer Mode Register (TMDR) ....cc.oiviiiieeeesees et 557
11.3.3 Timer 1/O Control RegiSter (TIOR) .....ccoieirerieinieneee et 558
11.3.4 Timer Interrupt Enable Register (TIER) ..o 576
11.35 Timer Status REJISLEr (TSR)....cciieirieirierieeeiesie sttt 578
11.3.6 Timer Counter (TCNT) ...cooiierieesie sttt sttt sbe et 581
11.3.7 Timer General REJISLEr (TGR) ...vocveieieieeeeeeie e e et sae e e 581
11.3.8 Timer Start REQISLEr (TSTR)...cccieirieieiirieere ettt 581
11.3.9 Timer Synchronous Register (TSYR).....cocoiireinerere e 582
N @< - 1 (o] o IO PRSPPSO 583
I R T T ol W o TSR 583
11.4.2 SynchronOUS OPEIatioN..........cceiuerieieeiereeieeseestesesesreseeseessessessesaesseseesessessessenes 589
R TN =TT 1= Q@ o= = 1 o o S 591
11.4.4 Cascaded OPEratioN .......cccceeceeieresieieeesieeseesese s e e e s e see e s e e saeereeeesseseessessenns 596

Rev.7.00 Mar. 18, 2009 page xxxii of Ixvi
REJ09B0109-0700

RENESAS



1145 PWM MOUES. ..ottt sttt sttt sttt st b et s be et sb e e b e 598

11.4.6 Phase Counting MOE........ccoieiririeinerierieie e e 603
115 INLEITUPE SOUMCES......eeiiiitiitee ettt esteestee e bt e st e bt e st esbe e s beasabe e sabe e s abeesabeesaneesabeesaneesareenanee e 609
11.6 DTC ACHVEION....cuiietirieiete ettt sttt st sttt be sttt be et s be et st ens 611
11.7 DMAC ACHVEION. c.c.citiiieieiesieeee ettt sttt sttt st st se et e 611
11.8  A/D CONVEIEr ACHVELION ... .ecviieiitieieiesie sttt sttt sre st see e e eeneeseeneas 611
11.9  OPEration TIMING......ccoereerrerieeete ettt st sb e e st b e et b e e b e nne e 612
11.9.1 INPUL/OULPUL TIMING -evtvereeeerrerietenteseeie ettt sb e se e b e b e 612
11.9.2 Interrupt SIgNal TIMING.....ccoeiieiireie et e e naesee e e 615
10,00 USBGE NOES....coitiiiiie ettt sttt sttt st sat e sa e e s aee e sb bt e s ae e e baeenbeeebeeeseesnbeesnneenns 619
11.10.1 Module Stop MOdE SELLING ......veeveieeeeesese e e 619
11.10.2 INPUt ClOCK RESIFICIIONS ...ttt e 619
11.10.3 Caution 0N CYClE SELING ......cuvrvereererrerieierieneete ettt 620
11.10.4 Contention between TCNT Write and Clear Operations..........ccoceevvererenenereennen. 620
11.10.5 Contention between TCNT Write and Increment Operations..........ccccceeeeverveeene 621
11.10.6 Contention between TGR Write and Compare MatCh.........ccccvvveeeeeveicevesennnn, 622
11.10.7 Contention between Buffer Register Write and Compare Match ..........c.cccue.e..e. 623
11.10.8 Contention between TGR Read and Input Capture............cccooeveeerereenereeseeneee 624
11.10.9 Contention between TGR Write and Input Capture............ccocoveeererenenenenenennens 625
11.10.10 Contention between Buffer Register Write and Input Capture...........c.cccceveneee. 626
11.10.11 Contention between Overflow/Underflow and Counter Clearing...........cccve...... 627
11.10.12 Contention between TCNT Write and Overflow/Underflow.........cccccoveereneee. 628
11.10.13 Multiplexing Of 1/O PINS........cccccvviieieiere e sie e 629
11.10.14 Interrupts and Module StOp MOTE..........cccoreirirerneeree e 629
Section 12 Programmable Pulse Generator (PPG) ........ccceoveiereneneneniesenienns 631
I R < (=SSR 631
2 1411017 @ U 1 o0 TR 633
12.3 ReQISIEr DESCIIPLIONS ... .cccueiiiiesieeteeeeeeiestes e stestese e e e e se e e sresresse e e esaesee e sresresseeneeneeseenses 633
12.3.1 Next DataEnable Registers H, L (NDERH, NDERL).......cccccoeoennirinerininerieeeenes 634
12.3.2 Output Data RegistersH, L (PODRH, PODRL)........cccoviiirineierinieesisiee s 635
12.3.3 Next DataRegisters H, L (NDRH, NDRL) .....cociiiniriririnierreresiseeseseee e 635
12.3.4 PPG Output Control REGISLEr (PCR)......cccveeereeie e eeeseee et 638
12.3.5 PPG Output Mode RegiSter (PMR)......cccoirireiririeniresie e 639
0 R @ o= - 1o o TS 641
12,41 OULPUL TIMING..eeutitireeiietereeieste ettt se ettt sbe et be et ebe e et sbe e et b srenesbe e 642
12.4.2 Sample Setup Procedure for Normal Pulse QUEPUL...........ccevereiererieeneneeesieeee 643
12.4.3 Example of Normal Pulse Output (Example of Five-Phase Pulse Output)........... 644
12.4.4 Non-Overlapping PUISE QULPUL..........cciieeeeie et e et ee e 645
12.4.5 Sample Setup Procedure for Non-Overlapping Pulse OQutput ..........ccceeevereennne 647

Rev.7.00 Mar. 18, 2009 page xxxiii of Ixvi
REJ09B0109-0700
RENESAS



12.4.6 Example of Non-Overlapping Pulse Output (Example of Four-Phase
Complementary Non-Overlapping OULPUL) .........cceererieerineresesieeses e
12.4.7 Inverted PUISE OULPUL ......ccceeieriirieriesieseeeeie e et sae e sne st essenaennenee e
12.4.8 Pulse Output Triggered by Input Capture.........ccccvveeeeieeieere e
12,5 USBGE NOES....coiiiiiiii ittt sttt sttt st st be s bt e e sb e e s ae e e be e e nbeeebeeebeesnbeesnneenn
12.5.1 Module Stop MOUE SELLING .....ccevveerierieiiereee e e
12.5.2 Operation of PUISE OULPUL PiNS..........coiirieiiiieineneese e

I R = (U P PPRURPRPRPIN
13.2  INPUL/OULPUL PINS.....ccviieiceeieeie ettt sttt sa e et ne s nn e e sresnesreeneenaeneeneas
13.3  REGISIEr DESCIIPIIONS. ... ittt sttt bbb
13.3.1 Timer Counter (TCNT) ...cciiiieeeierieeeie ettt s
13.3.2 Time Constant Register A (TCORA) ..ottt
13.3.3 Time Constant Register B (TCORB) .......ccccvcvueviererineseeeeeesees e e steseeeeseessesee s
13.3.4 Timer Control REGISLEr (TCR) ..c.ccceieciieeeeeeesees et
13.3.5 Timer Control/Status REGIStEr (TCSR) .....ccoeieririreeieieere e se e se e
I @ 1< 1= 1 (o] o ISP PU ST P RSV PTPPRTRTP
1341 PUISE OULPUL......eeueiteieeieteseee sttt sttt sttt st st ebe bbbt et sn et sbenn e
13.5  OpPeration TIMING......ccoereerereeeee ettt et b et b e b e bt s bene b nn s
13.5.1 TCNT Incrementation TiIMING ......cccooeeeeieeriereresieseeeeseesee e se e sseeeesees e seessesseens
13.5.2 Timing of CMFA and CMFB Setting when Compare-Match Occurs..................
13.5.3 Timing of Timer Output when Compare-Match OCCUIS.........cccovverereerveresenenns
13.5.4 Timing of Compare MatCh Clear ...........cooeoiiireiiiiieree e
1355 Timing of TCNT EXternal RESEL........cccccoieiiririeiiieree e
13.5.6 Timing of Overflow Flag (OVF) SEtting ........cccoveirereineiniserese e
13.6 Operation with Cascaded CONNECLION .........ccceveeereeieie s
13.6.1 16-Bit COUNLEr MOE.......c.ceirieieiisienirie ettt sttt s
13.6.2 Compare Match Count MOGE.........cccveireeiieiesis e et
13.7  INEEITUDPE SOUMCES. ... veeeeiiitestite sttt sttt s bt sr e er et nesrenes
13.7.1 Interrupt Sourcesand DTC ACHVALION ......cccviereeirerireseeee e
13.7.2 A/D Converter ACHVAION........cooiieiieiieieere et
13,8 USAGE NOES....coiiiiiiiictit ettt st b e st e e sb e e s bt e e be e e beesbeeebeesnbeesneenes
13.8.1 Contention between TCNT Write and Clear........cccovevveverninercenieese e
13.8.2 Contention between TCNT Write and INCrement ........ccooeveevenreneneseseneseeneene
13.8.3 Contention between TCOR Write and Compare Match ...........ccccevveinincicnienn
13.8.4 Contention between Compare Matches A and B ...........ccocecnireienineicnenecneee
13.8.5 Switching of Internal Clocksand TCNT OpPeration..........ccoeceeereerererieneserenennens
13.8.6 Mode Setting with Cascaded CONNECLION .........cccvveeeeieeiesere e
13.8.7 Interruptsin Module StOP MOGE........ccveeeieierere e

Rev.7.00 Mar. 18, 2009 page xxxiv of Ixvi
REJ09B0109-0700

RENESAS



Section 14 Watchdog Timer (WDT).....coeieririeriesiereeieeeeee e 677

TA.1 FEAIUIES. ...ttt ettt ettt ettt st st s bttt e ae e e b e e bt et e e a b e e aeesheeshe e sbeebeeaeesaeesaeenbeabeanbean 677
I 14T o017 @ U 1 o0 | o S 678
14.3 ReQiStEr DESCIIPLIONS ... .cccueitiierieereseeeeitesees e ste e se e e e e se e e sresresse e e esaeseestesresresseeneeneeseenses 679
14.3.1 Timer Counter (TCNT) . ucoiciiiceisie sttt sttt sttt sene 679
14.3.2 Timer Control/Status RegiSter (TCSR)......cceireririreriresieeeese e 679
14.3.3 Reset Control/Status Register (RSTCSR) .....c.viveveeirieririsieieeie e 681
O @ 1< - 1 (o] o IO PP ST P TRV PPRUPP 682
72 R VAV (o (oo T I 0= Y/ o T L= 682
14.4.2 Interval Timer MOGE.......ccoviireeice ettt 683
T14.5  TNLEITUPE SOUMCE ...eiieiiiiiteiteesteeesiee sttt sttt st e st e e s esbe e sa b e s abe e s s beesateesabeenaneessbeenanee e 684
14.6 USBOE NOLES......ooiiiiiiiieieee sttt r bbb e e e sr e r e r e 684
14.6.1 NOLES ON REGISIEr ACCESS.....coviieiiiterieierte sttt sttt sttt a et sbesre b e 684
14.6.2 Contention between Timer Counter (TCNT) Write and Increment ...........ccc....... 686
14.6.3 Changing Value of CKS21t0 CKSDO........cccecueiierireirsereeeesee e et eeae e see s 686
14.6.4 Switching between Watchdog Timer Mode and Interval Timer Mode................. 686
14.6.5 Internal Reset in Watchdog Timer MOdE........cccvcvieeeececiiene e e 687
14.6.6 System Reset by WDTOVE Signal........ccoeoiiireiinineiieneeese e 687
Section 15 Serial Communication Interface (SCI, ITDA) ....cccoovvevininieireees 689
15,1 FBAIUMES...cuecueieeiete sttt sttt sttt sttt et sttt s be s bbbt s b ettt e e et st et et e st e be e e e 689
15.2  INPUL/OULPUL PINS.....ccuiieicieiese ettt se e ettt e s e e s eesresneeneenaeeeneas 692
15.3 ReQISIEr DESCIIPLIONS ... .cccveiiiierieereeeeieeite st e e ste e s e e e e e see e sresresse e e eaeseetesresresseeneeneeseenees 693
15.3.1 Receive Shift RegiSter (RSR) ......ccoveriririerieiserese e 694
15.3.2 Receive Data Register (RDR) ......cccoiirieiriinieiseneeie et 694
15.3.3 Transmit Data Register (TDR)......ccviirieiiercesereeie e 694
15.3.4 Transmit Shift REQIStEr (TSR) ...cceeierieirieiee e 695
15.35 Serial Mode REGISEr (SMR)...cc.oieiieieierieriee et 695
15.3.6 Serial Control REGISLEr (SCR)....c.cceiecieieerierieste e e e 698
15.3.7 Seria Status REGISIEr (SSR) ...veuereieiriririerrie et 703
15.3.8 Smart Card Mode Register (SCMR) .......cviirieiiriirieisesieesie e 710
15.3.9 Bit Rate REQISIEr (BRR) ....ccviviiciiiiriee ettt 711
15.3.10 IrDA Control ReQIStEr (ITCR) ......cceieiieriereceeseese e ste s s e e st 720
15.3.11 Serial Extension Mode Register (SEMR) .......ccvveieeeeiecierese e 721
15.4 Operation in ASyNChronOUS MOGE........cc.coiieieiiiieece et 723
15.4.1 DataTransfer FOMMEL...... .ot s 723
15.4.2 Receive Data Sampling Timing and Reception Margin
IN ASYNCAIONOUS MOOE........cueiiiieiiriirieesiestee e 725
S oot OSSPSR 726
15.4.4 SCI Initialization (ASynchronous MOdE) ..........cccereeeeiecrenesese s 727
15.4.5 DataTransmission (ASynchronous Mode).........cccevveeveeeereerienieseesreseeeeseeseesee s 728

Rev.7.00 Mar. 18, 2009 page xxxv of Ixvi
REJ09B0109-0700

RENESAS



15.4.6 Serial Data Reception (AsynchronouS MOdE).........ccevveeririeinienicine e 730

15.5 Multiprocessor CoOmmUNICation FUNCLION..........cceiiiiiririeriieeses et 734
15.5.1 Multiprocessor Serial Data TranSmMiSSION .......ccvveeeereereeseseeseseeeeseesees e seesseseeens 735
15.5.2 Multiprocessor Serial Data RECEPLION ......cceeueeeevieie e 737

15.6 Operationin Clocked SynchronOUS MOCE...........ccccvvveeeieeriene e 740
L5.8.1  CIOCK .. e eitiueerteereeteie sttt sttt bbb e bbbt st b b se et et et ene s 740
15.6.2 SCI Initialization (Clocked Synchronous Mode) ..........cccoereeenenerienieneniesiee e 741
15.6.3 Serial Data Transmission (Clocked Synchronous Mode) ..........cccccvveverenieneneennen 741
15.6.4 Serial Data Reception (Clocked Synchronous Mode)..........cccvvveeeeereeiceseesienennn 744
15.6.5 Simultaneous Serial Data Transmission and Reception

(Clocked SynchronOUS MOGE) ........cccevueiieieeiereere ettt 746

15.7 Operation in Smart Card Interface Mode..........ocoveiiiiiinee e 748
15.7.1 Pin Connection EXampPle.........cocoiiirieiiiietne e e 748
15.7.2 Data Format (Except for Block Transfer Mode) ..........cocoveenereienenienenesieesieee 749
15.7.3 BIOCK Transfer MOGE.........cevrrreirieeisieesereeees s 750
15.7.4 Receive Data Sampling Timing and Reception Margin..........cccceevvevveveriesesennnnns 750
1575 INIIAIZAIHON ....civiiceeceeee ettt et 752
15.7.6 Data Transmission (Except for Block Transfer Mode) ..........ccoeovreneienenencnienen 753
15.7.7 Serial Data Reception (Except for Block Transfer Mode) .........cceoeveverenenenienee 755
15.7.8 Clock OULPUL CONMLIOL ... .c.eiuiieiieirieeeie ettt 757

T 1D VAN @ o 1= - 1o o S 759

15.9  INLEITUPL SOUMCES......eeiititiitie et esteestee et e st e st e st e s be e st asbe e sabe e sabeesnbeesaneesabeesaneesareenaneene 762
15.9.1 Interruptsin Normal Serial Communication Interface Mode...........ccccceeevvrvenene. 762
15.9.2 Interruptsin Smart Card Interface Mode..........ccovireiieneineceee e 764

15.10 USBGE NOLES......oeiuiiriieieiiete sttt e r e r et e e e e sn e r e er e 765
15.10.1 Module Stop MOOE SELLING .....ccverveeerierieieirereeie et 765
15.10.2 Break Detection and ProCESSING .....cieeereereereriesesesresieeseessessesseseesressesssessessesseses 765
15.10.3 Mark State and Break SEnding........cccccvveveeiiereresiene e 765
15.10.4 Receive Error Flags and Transmit Operations

(Clocked Synchronous Mode ONlY)........ccoeeririeieneneieesieeee e 766
15.10.5 Relation between Writesto TDR and the TDRE Flag .......ccccvveveiineniniieenieee 766
15.10.6 Restrictions on Use of DMAC OF DTC....oouiiieiiiiiiisiereeee et 766
15.10.7 Operation in Case of Mode TranSitioN.........cccevevieienesieeieere e 767

Section 16 1°C Bus Interface 2 (11C2) (OPtON) ........oveevereereeeeeeeeeeeseeeeseeeseneenn. 771

LB.1  FEAIUIES. .....eeeee ettt ettt sttt ettt ae e bt e s bt et e e st e e aeesheesheesbeebeeaeesaeesaeenbeanbeanbean 771

16.2  INPUL/OULPUL PIMNS.. ...ttt sttt bbbttt 773

16.3 REGISIEr DESCIIPIIONS ... ettt bbbttt s nn e 774
16.3.1 12C Bus Control Register A (ICCRA) .......oeeeeeeeeeeeeeeeeseseseses s ssess s s s 775
16.3.2 1°C Bus Control Register B (ICCRB) ........cuevurvneereeeseesesesessesessesssssssssssssssennes e
16.3.3 12C BusMode REGISIEr (ICMR)........covvereeieereeessesseesssessssssssssesssesssssssssssssnsenees 778

Rev.7.00 Mar. 18, 2009 page xxxvi of Ixvi
REJ09B0109-0700

RENESAS



16.3.4 1°C Bus Interrupt Enable Register (ICIER).........cocueveeveeeeeeeeeeeeeeeeeeeeesseesseesseeneons 780

16.3.5 1°C Bus StatuS REGISIEr (ICSR) .....oovveeveeeeeeeeeeeseeseeeseeesseesses s ssessses s sssssesnsens 782
16.3.6 Slave addressregister (SAR) ....cocvceieiireeeee e e e 784
16.3.7 1°C Bus Transmit Data ReGiSter (ICDRT) ....cvuvveeveerecesseseeissessessesssssssssssssensenees 785
16.3.8 I1°C Bus Receive Data Register (ICDRR).........coouvvemveeensereeisseesseessssssssssssssessenees 785
16.3.9 1°C Bus Shift REGIStEr (ICDRS)........coevereeeeereieeseesseessessesessssssessesssessesssssssnesnes 785
16.4  OPEIAHION. .....eieeeeete ettt sttt sttt et b e et b et b e st bt b e se bt b e s e e bt e b e bt b e e bt b e ne e 786
16.4.1 1PC BUSFOIMMAL w...oooeeereeeeneeeseeeeseeessesesees s sss sttt sttt 786
16.4.2 Master Transmit OPEratioN .......c.ccceeeeieereeieseseseseeeeseeseeseesre e sreeresseeseeaesseseeses 787
16.4.3 Master RECEIVE OPEIatioN........ccccviereeieieeiesestesesesesseeseeseesee e saeereseeeessesseseesns 789
16.4.4 Slave Transmit OPEration ........cccceeceeieeieririesesesieeeeee e see et e e eeseeeeees 791
16.4.5 Slave RECEIVE OPEraliON.......ccceviiieerierieesie ettt 794
16.4.6 NOISE CANCEIEN ....cviieeiieitieieee ettt sttt se e e see st sbeeaeene e e et es 796
16.4.7 EXAMPIE OF USE....iiiiiiiiiiiieceste ettt e 796
16.5 INLEITUPE REGUESL.......oiiiii ittt st st b e st e s b e sbe e sabe e sbeesneene 801
16.6  Bit SYNChrONOUS CITCUIL......c.ccveiiiiriiieeeeieseesese e s e e s et eesaesr e besnesre e e enaeneeseennas 802
L16.7 USBGE NOES....coiieiiiiiciit ettt st et b e st e e sb e e s bt e e ba e e nbeeebeeeaeesbeesaeene 803
SECHION 17 A/D CONVEITEN ......eiieeeieiieeie ettt sre e snee e 805
L7.1  FEAIUIES. ... ettt ettt sttt ettt e ae e e bt e bt et e e mbe e abesheesheesbeeeeeaeesaeesaeenbeabeanbean 805
A 14T o107 @ U 1 o0 S 807
T = (=0 TS (= D= o 1o 808
17.3.1 A/D DataRegisters A toH (ADDRA to ADDRH) ......ccooeiviveiriec e 808
17.3.2 A/D Control/Status Register (ADCSR) .....ccccvreriririeire et 809
17.3.3 A/D Control RegiSter (ADCR) ......covriiieirierieieee ettt 811
A @< 1= 1 (o] o ISP TS PT PSPPSRSO 812
It S o 11/ oo L= 812
17.4.2 SCANMOUE ..ottt sttt sttt sttt sbe et nene 812
17.4.3 Input Sampling and A/D Conversion TiME........ccvvveerreereeresesiesesreseeeeseeseenee s 813
17.4.4 Externa Trigger INPUL TIMING .....ccooiereererierineneneee et 815
17.5  INEITUDPE SOUMCE ..ottt s et s s er et nnenes 816
17.6 A/D Conversion AccuraCy DefinitioNnS...........cccoireiiririeiinienieesesee e 816
L17.7 USBGE NOES....coiiiiiiii ettt sttt st b e st e e sb et e sae e e ba e e nbeeebeeeaeeenbeesaeenes 818
17.7.1 Module StOp MOdE SELLING ....ccveeveieeeeceseese s e 818
17.7.2 Permissible Signal Source IMpedanCe.........cccovvveveceeceeiese s 818
17.7.3 Influences on ADSOIULE PreCiSION..........cocveiiieriinereeee e e 819
17.7.4 Setting Range of Analog Power Supply and Other Pins...........cccceovvenneieninennen. 819
17.7.5 NOteSON BOAII DESIGN .....coviienieiiiieieie ettt s 819
17.7.6 Noteson NOiSe COUNEIMEBSUIES ........c.erveirierieesiesieesie s ste s stesessestesessessenens 819

Rev.7.00 Mar. 18, 2009 page xxxvii of Ixvi
REJ09B0109-0700

RENESAS



L18. 1 FBAIUIES...c.ccueieeeete ittt sttt sttt et ettt s be e bbbt b et b st e e et st e et st e e be e e 821
18.2  INPUL/OULPUL PINS.....ccuiieiceiceeie ettt se e et esaesn e e snesresneeneenaeeeneas 824
18.3 ReQISIEr DESCIIPLIONS ... .cciueieiiesieereseeeeitestes e sre e s e e e saese e e sresresse e e esaeseetesrestesseeneeneeseenses 825
18.3.1 D/A DataRegisters0t05 (DADRO t0 DADRS) .......cccoiruriieirinenerieeesieie e 825
18.3.2 D/A Control Registers 01, 23, and 45 (DACRO01, DACR23, DACR45) .............. 825
S @ 1< - 1 (o] o ISP SO U ST P RSV PPRTRP 829
185 USAGE NOES....coiiiiiiiietie ettt s st b e s e sb et e s ae e e be e e nbeeebeeenaeesnbeesneene 830
18.5.1 Setting for Module StOP MOCE.........ccocviiiiieeeese e 830
18.5.2 D/A Output Hold Function in Software Standby Mode..........cccceevevvevveienenenenn 830
SECHION 19 RAM .ttt sttt nns 831
Section 20 Flash Memory (0.35-um F-ZTAT VEersion) ......c.ccoceeerenerenieniennnns 833
20.1  FEAIUIES......eitieeteeteiete ettt ettt sttt et s e et sb e st bese e st ebe s e ebeebeseebesbeneebesbeneebenteneeneas 833
20.2 MO TTaNSITIONS ...ceviiteeetisieeete ettt sttt sttt et seesesbeseesesbeseesesbeseesenbenenrens 834
20.3  BIOCK CONFIQUIBLION. .....cvtitieetiieiietiiteseete sttt ettt bbb b b e ebesreeene s 838
20.4  INPUL/OULPUL PINS.....uiieiiitiieeiisterieiesie sttt sttt s sb e et b e e b b e b sbese b sneneeneas 840
20.5 REQISIEr DESCIIPIIONS . ...c.citeieeieeterieieete sttt sttt sttt b e et b e et sb e et sbe e e sresaeneas 840
20.5.1 Flash Memory Control Register 1 (FLMCRL).......ccccoceveveveieseseeeeseee e 840
20.5.2 Flash Memory Control Register 2 (FLMCR2)........cccccevevevivieseseeeeseese e 842
20.5.3 EraseBlock Register 1 (EBRL) ....cocviieieieee et 843
20.5.4 EraseBlock Register 2 (EBR2) .......cccoiieiiiiniciiencese et 844
20.6 On-Board Programming MOUES...........cccoereiririeiinierieieiesie ettt sr e e sr e e sre e 846
P20 ST R = oo 1Y oo LSS 846
20.6.2 USEr Program MOE.......cccoevereieiiseeieeiee e et e e se e et eaeaesae e e 849
20.7 Flash Memory Programming/EraSiNg ........cccceeererieruesereeseeseessessessesseseessessessesssssesseseenes 850
20.7.1 Program/Program-Verify .......ccccceiiiieiieeieresie s e e s 850
20.7.2 Erase/Erase-Velify ...ttt 852
20.7.3 Interrupt Handling when Programming/Erasing Flash Memory...........cccovveeene. 852
20.8 Program/Erase ProtECION .........ccoceierieine ittt s r e e sn e 854
20.8.1 Hardware ProtECHION ........coveueiieieierieeeiesie sttt sttt st e sbeseeneas 854
20.8.2 SOftWare ProtECION.......ciueeeiiiieiete ettt sttt st b e 854
20.8.3 EXTON PrOLECHION.....ceeuiitiieeiieie ettt sttt sttt st sttt be e 854
20.9  Programmer MOOE ........coiirieiiierieeste sttt ettt b e et b e e eb e e e b e e b sre e 855
20.10 Power-Down States for FIash MemMOIY .......cccocoeeriirineine st 855
20.11 USAJE NOLES ...ttt ettt sn s r e sr e r e er e eanes 856
Section 21 Flash Memory (0.18-um F-ZTAT VEersion) .......ccceceevveceeseeseeseennes 861
201 FEAIUIES.....e ettt ettt et st se et s e st et ese e st bese e b e e ke seebeebeseebesbe st ebenbeneebenteneeneas 861

Rev.7.00 Mar. 18, 2009 page xxxviii of Ixvi
REJ09B0109-0700

RENESAS



2111 Operating MOTE.......coiuiieeieierieiete ettt b bbb enesre e 864

21.1.2 MOOE COMPAITSON. ....ueiveeerirtireeuiste sttt sttt sre et b see e sbeseeseebesee e ebeseeeebesreneeresreneas 865
21.1.3 Flash MAT CONfigUIatioN.......cccccueieririesesese s eeeseeae e see e st e e esaesne e s 866
2114 BlOCK DIVISION ...ootiiiiiiiiiiieiisie et sieeste sttt st sttt st et stenesbeseenens 867
21.1.5 Programming/Erasing INterfaCe........cccoceveveiieiesinceceeseses s 868
21.2  INPUL/OULPUL PINS....cuiieiiiteieetiste ettt sttt sttt b et b e e ebesb e e b e b e b snenneneas 870
21.3 REQISIEr DESCIIPIIONS .. ..eitiieeiieterieieete sttt sttt st b e et b e e b et eb e e e b nneneas 871
21.3.1 Programming/Erasing Interface REQISIEN .........cceiriiieirenieereeec e 872
21.3.2 Programming/Erasing Interface Parameter ...........cccccccevevevesenesieeceeses e 879
21.3.3 Flash Vector Address Control Register (FVACR).......coccveve v 889
21.4 On-Board Programming MOGE ..........ccueieieieneieceeiece e sne e 891
2 7 R = o o 1Y oo LSS 891
21.4.2 USer Program MOOE.........ccooiieiniireinieneeesie ettt b e b s ene s 895
21.4.3 USEr BOOE IMOOE........eitiiiieeieieiesie ettt st st sne e e 906
21.4.4 Procedure Program and Storable Areafor Programming Data...........cccccevevvennee. 910
P2 BRI o)1= o [ o H PSPPSR 920
21.5.1 Hardware ProtECHION .......coveuiiiiieeisiereetesie sttt sttt sttt e b e 920
21.5.2 SOftWare ProteCION........ccoi it 921
P S TeC T = (o g )= o ST 921
21.6 Switching between User MAT and User BOOt MAT ......cooiiiiincinenee e 923
P2 I A = oo =001 0101 1Y oo P 924
21.8 Serial Communication Interface Specification for Boot Mode...........ccccveevvevececieseseene, 924
219 USAQE NOLES ... .ciiiiieitiie ittt sttt st e et e s b e e et e s be e e abe e sabeesabe e sabeesateesabeenaree s 952
Section 22 Maske@d ROM .......c..ooiiieiiiceecee ettt 953
Section 23 Clock PUISE GENENELON ........ccueeiveieerieeie e eie e 955
PG T R 0 = (= gl = o 1 0] 1 S 955
23.1.1 System Clock Control Register (SCKCR) ......cccvvvveeeeieriee e s sreseesee e 955
23.1.2 PLL Control ReQIStEr (PLLCR) ....ccvciieieiisierietisteseee st saeessesaenens 957
P I @ L o | |- (o P RST 958
23.2.1 Connecting a Crystal RESONELON .........ccerveiererieeererieeste st seeneas 958
23.2.2 EXternal ClOCK INPUL ......ccocie it e 959
233 PLL CIFCUIT c.veitiieiiite ettt sttt sttt sttt sttt sttt st e et e sbe st b e sbeneebenbeneenens 961
234 FrequENCY DIVIAEr.......cccciiiieeeceeeee ettt e e sttt e et sr et e st sneene e e enaeeeneas 961
235 USAOENOLES ...ttt st r e n s 962
23.5.1 Noteson Clock PUISE GENEIALON .........coeieiirieieeiereeee e see e s 962
23.5.2 NOLES ON RESONGLON ......eiiiiiiiieiiee ettt s ae bbb e saeesreens 962
A HSTC T \[o1 (==Y gl =10 = o D= Lo o S 963

Rev.7.00 Mar. 18, 2009 page xxxix of Ixvi
REJ09B0109-0700

RENESAS



Section 24 POWEr-DOWN MOAES......oooeeeeeeeeeeeeeeeeeeeeeeeeeee 965

P R 0 = (= gl = o 1 0] 1 S 968
24.1.1 Standby Control Register (SBY CR) ...ccvieieieieceeeeiesee e sresese e saesae e e e 968
24.1.2 Module Stop Control RegistersH and L (MSTPCRH, MSTPCRL)..........cccoc...... 970
24.1.3 Extension Module Stop Control RegistersH and L

(EXMSTPCRH, EXMSTPCRL) ...vciiiieisisieeseseese e 971

24.2  OPEBLION. ...tttk ettt b e et b e e a e bt st h e b e b e Rt b e e ae b e st b e ne b neene s 972
24.2.1 ClOCK DIVISION MOGE......cctiiieiiiiiieiesienieiesie ettt sttt nes b e 972
24.2.2 SIEED MOUE ... .ottt sttt bbbttt b e r e 973
24.2.3 Software Standby MOGE.........ccceieieeieeieie et 973
24.2.4 Hardware Standby MOOE ..ot 976
24.25 MOAUIE SEOP MO ..ottt sb e 978
24.2.6 All-Module-ClockS-StOP MOGE .......ceiueieiirieieieriereee e 978

24.3  § ClOCK OULPUL CONLION.....viuietiiieieiisiesietesie sttt sttt s sbe et et naeneas 979

244 USAQE NOLES......iiiiieitiie ittt sttt ettt b et et e st e e e b e s be e eabe e sabeesabeesabeesabeesabeenaree s 979
2441 1]O POIt SEALUS.....cueeverieneetesieiete sttt sttt se et sttt seebesbeneebestenesbeseeneas 979
24.4.2 Current Dissipation during Oscillation Stabilization Standby Period................... 979
24.4.3 EXDMAC, DMAC, and DTC MOdUIE StOP.....ccvriereererierieresieneetesieseeresaeeesesaenens 980
24.4.4 On-Chip Peripheral Module INTErTUPLS .......cuvvvirieirireeseeeee s 980
2445 Writing to MSTPCR, EXMSTPCR ......ccoiiiiiireise et 980
24.4.6 Noteson Clock DIVISION MOGE..........cccurueiririinininenee et 980

Section 25 List Of REQISIENS.......ocouieiecece et 981

25.1 Register Addresses (AAAreSS OrAEr) .......coeerereeerterieinie et 981

A S L= o = 1= =T RPN 993

25.3 Register Statesin Each Operating MOdE..........cccoveieiiieicciceccese e 1007

Section 26 Electrical CharaCteriStiCS........oovvireriveninineseeeeeeee e 1019

26.1 Electrical Characteristics for H8S/2377, H85/2375, H8S5/2373, H8S/2377R,

HBS/2375R, aNd HBS/2373R .......cveeiriiieiiiiieeseseeste ettt e 1019
26.1.1 Absolute Maximum REHNGS ........coeirerieirierieisie et 1019
26.1.2 DC CharaCteriSliCS.....cceieuiriirieiisierieesie sttt st sttt st 1020
26.1.3 AC CharaCleriSliCS.....cceriruirierieisie ettt st sttt st 1023
26.1.4 A/D Conversion CharaCteriStiCS......coureerirereeisiereeesieseses e s ste s et e e e 1032
26.1.5 D/A Conversion CharaCteriStiCS........uurueuerinierenereeee et 1032
26.1.6 Flash Memory CharaCteristiCS ......ccuvreirirerieiseree e 1033
26.1.7 USB0E NOLE......eeiviiiiiiieieieie st 1034

26.2 Electrical Characteristics for H8S/2378........cviiiiiieee e 1035
26.2.1 Absolute Maximum RaLNGS .....cceeeeeereeieresesesteseeseeseessesieseessesesseessesseseeseesses 1035
26.2.2 DC CharaCleriSliCS.....cieieuirierieiisie et ste sttt st s st st 1036

Rev.7.00 Mar. 18, 2009 page xl of Ixvi
REJ09B0109-0700

RENESAS



26.2.3 AC CharaCleriSliCS.....ccerueuiriereeirie ettt sttt sb e 1039

26.2.4 A/D Conversion CharaCteriStiCS........uuueuerineie et 1048
26.2.5 D/A Conversion CharaCteriStiCS......coouieriririerieisierenesiesesese st s e e e 1048
26.2.6 Flash Memory CharaCteristiCS .......cvcvreeierireieseseceeieeseese st sae e e e 1049
26.3 Electrical Characteristics for H8S/2374, H8S/2372, H85/2371, H8S/2370,
H8S/2378R, H8S/2374R, H8S/2372R, H8S/2371R, H8S/2370R........c.ccoceieieieieeeiee, 1050
26.3.1 Absolute Maximum REHNGS ........coeirereirierieisie et 1050
26.3.2 DC CharaCleiSliCS.....ccerveririirieestesieeseseeeste s e ste s e stesae e sae e stesae e stesaesessenaens 1051
26.3.3 AC CharaCleriSliCS.....cceriririerieisie ettt sttt 1054
26.3.4 A/D Conversion CharaCteriStiCS......cooureerirerieisiereeesieseeesie s ste s ste s e see e 1063
26.3.5 D/A Conversion CharaCteriStiCS.......couieriririereeisierenesieseees e st s e e 1063
26.3.6 Flash Memory CharaCteristiCs ......ccovvieirirerieisereee e 1064
264 TIMING CRAITS ....cccuiiiiieeiiteiee ettt ettt st b e bbb e 1067
26.4.1 ClOCK TIMING c.cviitiieiiiieieiesie ettt et b et b sn e b e 1067
26.4.2 Control Signal TiMiNg ....cccceeerieieieseeieeresees et se e e e e e sresrenns 1069
26.4.3 BUSTIMING c.veiveivieieeieeieeieesesestesteste s e e eaesee e sresressesneesaessesteseestesaeanesssensensnsessses 1070
26.4.4 DMAC and EXDMAC TimMiNG....cccceouriereirienieisieseeesieseeesiesee e seeseeessesaesessesanns 1088
26.4.5 Timing of On-Chip Peripheral MOAUIES...........cooeiriieneiseeeee e 1091
APPENAIX et ne s 1095
A. /O Port Statesin EaCh Pin SEate.......ccoevireiiineriesee s 1095
B. [ (oo 18 Tox 1= U PSS 1105
C. PacKage DIMENSIONS........coeieiieitesieeeee st e sese e e e e e sre e saesre e e e e esaeseestesaeareeneeneeseeseennes 1106
D.  BusState during Execution Of INSIFUCLIONS..........coerieirinieiniieinesieese e 1108
T = PSP 1131

Rev.7.00 Mar. 18, 2009 page xli of Ixvi
REJ09B0109-0700

RENESAS



Rev.7.00 Mar. 18, 2009 page xlii of Ixvi
REJ09B0109-0700

RENESAS



Section 1
Figure 1.1

Figure 1.2
Figure 1.3
Figure 1.4
Figure 1.5

Figure 1.6
Figure 1.7
Figure 1.8
Figure 1.9

Section 2
Figure2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure2.7
Figure 2.8
Figure 2.9
Figure 2.9
Figure 2.10
Figure2.11
Figure 2.12
Figure 2.13

Section 3
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8

(@1 4V T PSR 1
Internal Block Diagram for H8S/2378 0.18um F-ZTAT Group
and H8S/2378R 0.18UM F-ZTAT GrOUP ...cveuereeruererieiererisienesietesesesesesiesesesessesesseseses 3
Internal Block Diagram for H8S/2377 and HBS/2377R........ccccveeeveveieseseeeee e 4
Internal Block Diagram for H8S/2375 and H8S/2375R..........c.cccoeveveseseceeeee e 5
Internal Block Diagram for H8S/2373 and H8S/2373R........cccceeveveveneseseeeee e 6
Pin Arrangement for H8S/2378 0.18um F-ZTAT Group
and H8S/2378R 0.18UM F-ZTAT GrOUP ......ccvrveeereriiieesiesieeseseesesiesesses e sessesseeens 7
Pin Arrangement for H8S/2377 and H8S/2377R ........ccovreinireieeneee s 8
Pin Arrangement for H8S/2375 and HBS/2375R .......ccccoevvvereceeesene e 9
Pin Arrangement for H8S/2373 and HBS/2373R .......cccvceveeveeeeere e seeee e 10
Pin Arrangement (TLP-145V: TOP VIEW)...cceieieieie e eteeseee e ste e eeneenee e 11
P U e e e e e e e enre e e e enns 35
Exception Vector Table (Normal ModE)..........ccooeveiriieneneneseeeeee e 39
Stack Structure in Normal MOGE..........ooeeiireine e 39
Exception Vector Table (Advanced Mode).........cccvveeeeeeiere s steseeee e see e 40
Stack Structure in AAvanced MOGE..........ccovreiririeire e 41
MEMOIY MBP......ciiiiiiiriiieee e er e nenrea 42
CPU INterNal REJISIEIS. ....i ettt b e e b e e resrenea 43
Usage of General REJISIENS......cci et 44
SEACK .ttt ettt b et neeneas 45
General Register Data FOrmMatS (1) .....vceeeeveerereiesiesieseeeeseesseseseesesseesesseesssssessesees 48
General Register Data FOrMBELS (2) .....vceeeereerereiesiesieseeeeseesseseseesessessesseessessessesees 49
MemMOry Data FOrMELS........c.cviiiiiiiieieeeses et s 50
Instruction FOrmats (EXamMPIES) .......covieiirerieieiereenie e 62
Branch Address Specification in Memory Indirect Addressing Mode...................... 65
SEAEE TrANSITIONS. ...eeeeiitiieiieiere ettt se et ns e ens 69
MCU Operating MOUES........cceccueiieieiie et 71
Memory Map for H8S/2378 and H8S/2378R (1) ....ccvvveueririeereniresinie e 78
Memory Map for H8S/2378 and H8S/2378R (2) ......ceveeriririirerirenirie e 79
Memory Map for H8S/2377 and H8S/2377R (1) ...c.ccvevveerieririnieeeeseeee e 80
Memory Map for H8S/2377 and H8S/2377R (2) ...c.coevveeriereinieee e 81
Memory Map for H8S/2375 and H8S/2375R (1) .....cccevveerienerinieieesieeee e 82
Memory Map for H8S/2375 and H8S/2375R (2) ......ccevveererrinieiee e 83
Memory Map for H8S/2374 and H8S/2374R (1) .....cceveeeriereninieieeseeee e 84
Memory Map for H8S/2374 and H8S/2374R (2) ......ceceeieierineeeeseese e 85
Rev.7.00 Mar. 18, 2009 page xliii of Ixvi
REJ09B0109-0700

RENESAS



Figure 3.9

Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14
Figure 3.15

Section 4
Figure 4.1
Figure 4.2
Figure 4.3
Figure4.4

Section 5
Figure 5.1
Figure 5.2
Figure 5.3
Figure5.4
Figure 5.5
Figure 5.6

Section 6
Figure 6.1
Figure 6.2
Figure 6.3

Figure 6.4
Figure 6.5

Figure 6.6
Figure 6.7
Figure 6.8
Figure 6.9
Figure 6.10
Figure 6.11
Figure 6.12
Figure 6.13
Figure 6.14
Figure 6.15

Memory Map for H8S/2373 and H8S/2373R........ccccviriiririeneeree e 86
Memory Map for H8S/2372 and H8S/2372R (1) .....ccevervirienerinieieeseeee e 87
Memory Map for H8S/2372 and H8S/2372R (2) ....cvcvvvrieeeiereeiressieresesise s 88
Memory Map for H8S/2371 and H8S/2371R (1) ..cvvvevvvririeereevesisiee v e sesie e 89
Memory Map for H8S/2371 and H8S/2371R (2) ..c.cvvevevririeireeveseiere v e sesiee s 90
Memory Map for H8S/2370 and H8S/2370R (1) ....covrvrueririeererieeninie e 91
Memory Map for H8S/2370 and H8S/2370R (2) ....coveveueririeerenireninie e 92
Exception HaNAIiNg .........ooeiiiieieeeeeee e 93
Reset Sequence (Advanced Mode with On-chip ROM Enabled)..........cccccovvveiennene 96
Reset Sequence (Advanced Mode with On-chip ROM Disabled) ........cccccevveiienene 97
Stack Status after Exception Handling .........coooveereneinineineneee e 100
Operation When SPValue IS Odd..........ccooieiiineineee e 101
INLErTUPE CONLIONIEN ... e 103
Block Diagram of Interrupt CONtroll€r........ccoceveveie e 104
Block Diagram of Interrupts IRQ15 t0 IRQO.........cccecveriereerereneceesese s eseeaeneens 121

Flowchart of Procedure Up to Interrupt Acceptance in Interrupt Control Mode 0. 128
Flowchart of Procedure Up to Interrupt Acceptance in Interrupt Control Mode 2. 130

Interrupt EXCeption HaNdliNg .........coeovririinireeesee e 131
Conflict between Interrupt Generation and Disabling..........cccceevevevevvseneceneenn, 134
Bus Controller (BSC) .....ccoveieiierieeie et ete e 137
Block Diagram of BUS CONIONIEN...........coeiiiiiiiiereeese et 138
Read Strobe Negation Timing (Example of 3-State ACCess SPace) .........cccvervenene 150
CS and Address Assertion Period Extension

(Example of 3-State Access Space and RDNN=0) .....cccccevvvvveneneeieeieseesesieneens 152
RAS Signal Assertion Timing (2-State Column Address Output Cycle,

oo ) 163
CAS Latency Control Cycle Disable Timing during Continuous Synchronous

DRAM Space Write Access (for CASLaENCY 2) ....ocvevvveieenienineneseseesie e 166
ATEADIVISIONS. ..ottt e et b bt e se e e e eneas 171
CSn Signal Output TiIMING (N= 010 7) c..cuvreeeeeeeseeeeeeeseee st eenes e eseseesenes 176
Access Sizes and Data Alignment Control (8-Bit ACCess SPace) ......cccevvvevreerrennn. 177
Access Sizes and Data Alignment Control (16-Bit ACCess Space) .......ccccvvvvverenenne. 177
Bus Timing for 8-Bit, 2-State ACCESS SPECE .......cccereeerierieerieree e 179
Bus Timing for 8-Bit, 3-State ACCESS SPECE.......ccoereiriereeerieriee et 180
Bus Timing for 16-Bit, 2-State Access Space (Even Address Byte Access)........... 181
Bus Timing for 16-Bit, 2-State Access Space (Odd Address Byte Access) ............ 182
Bus Timing for 16-Bit, 2-State Access Space (Word ACCESS) ....ccevvveverrereereennens 183
Bus Timing for 16-Bit, 3-State Access Space (Even Address Byte Access)........... 184

Rev.7.00 Mar. 18, 2009 page xliv of Ixvi
REJ09B0109-0700

RENESAS



Figure 6.16
Figure 6.17
Figure 6.18
Figure 6.19
Figure 6.20
Figure 6.21
Figure 6.22

Figure 6.23
Figure 6.24

Figure 6.25
Figure 6.26
Figure 6.27
Figure 6.28
Figure 6.29
Figure 6.30
Figure 6.31
Figure 6.32
Figure 6.33
Figure 6.34
Figure 6.35
Figure 6.36
Figure 6.37
Figure 6.38
Figure 6.39
Figure 6.40

Figure 6.41
Figure 6.42
Figure 6.43
Figure 6.44
Figure 6.45

Figure 6.46

Figure 6.47

Bus Timing for 16-Bit, 3-State Access Space (Odd Address Byte Access)............ 185
Bus Timing for 16-Bit, 3-State Access Space (Word ACCESS) .......coeevrereeerrenienenn 186
Example of Wait State Insertion TimMiNg.......ccooevereeiecienenie e 188
Example of Read Strobe TIMIiNG ........cceveieieniene e s 189
Example of Timing when Chip Select Assertion Period |s Extended ..................... 190
DRAM Basic Access Timing (RAST =0, CAST = 0).ccoeeririererinieeresee s 194
Example of Access Timing with 3-State Column Address Output Cycle

(R TN T I 0) OSSR SS 195
Example of Access Timing when RAS Signal Goes Low from Beginning

Of T StAE (CAST T 0) coviiiiieiiiiereee ettt st b e st sae e ne e 196
Example of Timing with One Row Address Output Maintenance State

(RAST =0, CAST Z0) cuoiveeeieiieietesieeetesteeste st ste st se e st se e s te et seeseste e esesseneens 197
Example of Timing with Two-State Precharge Cycle (RAST = 0, CAST =0)....... 198
Example of Wait State Insertion Timing (2-State Column Address Output) .......... 200
Example of Wait State Insertion Timing (3-State Column Address Output) .......... 201
2-CAS Control Timing (Upper Byte Write Access. RAST =0, CAST =0).......... 202
Example of 2-CAS DRAM CONNECLION ......cccceieriireceieeesese e sae e e 203
Operation Timing in Fast Page Mode (RAST =0, CAST =0) ..cooovvveerieerieneereenen 204
Operation Timing in Fast Page Mode (RAST =0, CAST = 1) ..ccooovvveirieeiereceene, 205
Example of Operation Timing in RAS Down Mode (RAST =0, CAST =0)......... 206
Example of Operation Timing in RAS Up Mode (RAST =0, CAST = 0).............. 207
IO\ @ o= - 1 o o 208
Compare MatCh TIMING ..cc.coeieieiiceee e s s re e enen 209
CBR REfIESh TIMING....cvtiveeeiiiteieiesie et 209
CBR Refresh Timing (RCW1 =0, RCW0 =1, RLW1 =0, RLW0 = 0)......cerer.... 210
Example of CBR Refresh Timing (CBRM = 1) .....cccocviiiinineireeeeeseec e 211
SElf-REfFESN TIMING ...uicvieieiee et ae e e eesrens 212
Example of Timing when Precharge Time after Self-Refreshing |'s Extended

DY 2 SEBLES ..ot e e e et ere s 213
Example of DACK/EDACK Output Timing when DDS=1 or EDDS=1

(RAST =0, CAST Z0) cuoiveeeieiieieiesieeetesiesesteste e te st se e st se e s te et ste e s st e esesseneens 214
Example of DACK/EDACK Output Timing when DDS= 0 or EDDS=0

(RAST =0, CAST S 1) cuiiiiiiieeeie ettt sttt st e 215
Relationship between ¢ and SDRAM¢ (when PLL Frequency Multiplication

= o (0] G F e 0T 0 S 220
Basic Access Timing of Synchronous DRAM (CASLatency 1)......cccoceveveecereennen 221
CAS Latency Control Timing (SDWCD =0, CASLatency 3).....ccccceeeeveerenernnnens 223
Example of Access Timing when Row Address Output Hold State Is 1 State
(RCD1=0,RCDO =1, SDWCD =0, CASLAENCY 2) ..ceevvrrrrrerireriereeenieseeesieeane 224
Example of Timing with Two-State Precharge Cycle

(TPC1=0, TPCO=1, SDWCD =0, CASLEENCY 2) ...ccererrrrerireriereeenierenesienens 226

Rev.7.00 Mar. 18, 2009 page xlv of Ixvi
REJ09B0109-0700

RENESAS



Figure 6.48
Figure 6.49
Figure 6.50

Figure 6.51
Figure 6.52
Figure 6.53
Figure 6.54
Figure 6.55
Figure 6.56
Figure 6.57

Figure 6.58

Figure 6.59
Figure 6.60
Figure 6.61
Figure 6.62

Figure 6.63
Figure 6.64
Figure 6.65
Figure 6.66
Figure 6.67
Figure 6.68
Figure 6.69
Figure 6.70

Figure 6.71
Figure 6.72
Figure 6.73
Figure 6.74

Figure 6.75

Example of Write Access Timing when CAS Latency Control Cycle Is Disabled

ST T ) S SRS 227
DQMU and DQML Control Timing (Upper Byte Write Access:
SDWCD = 0, CAS LAENCY 2) oottt st sttt s 228
DQMU and DQML Control Timing (Lower Byte Read Access:
CASLBIENCY 2) ..ttt sttt sttt ettt st sb e et sn e sne e 229
Example of DQMU and DQML Byte CONtrol ..........cccocceeerinenneneeenesee e 230

Operation Timing of Burst Access (BE =1, SDWCD =0, CAS Latency 2) ......... 232

Example of Operation Timing in RAS Down Mode (BE =1, CAS Latency 2)..... 234
AULO REFTESN TIMING...ueeveiieie sttt se e e e eneas 235
Auto Refresh Timing (TPC=1, TPCO=1, RCW1=0, RCWO0=1).....cccecvrurrrue.. 236
Auto Refresh Timing (TPC=0, TPCO=0, RLW1=0,RLWO=1)......ccecvrururnee. 237
Self-Refresh Timing (TPC1 = 1, TPCO = 0, RCW1 = 0, RCW0 = 0,

RLWZ1 =0, RLWO = 0) ..cuvitiieeiieiieiirieieesie ettt 238
Example of Timing when Precharge Time after Self-Refreshing |'s Extended

by 2 States (TPCS2 to TPCS0 = H'2, TPC1 =0, TPCO = 0, CAS Latency 2) ........ 239

Synchronous DRAM Mode Setting TimiNg......cccoevveereeieeresesiesesesieeseeseeseeseeseens 240
Example of DACK/EDACK Output Timing when DDS=1or EDDS=1............ 242
Example of DACK/EDACK Output Timing when DDS=0 or EDDS=0............ 244
Example of Timing when the Read Data |s Extended by Two States

(DDS=1, 0or EDDS=1,RDXC1 =0, RDXC0 =1, CASLatency 2) .......ceceeurn.... 245
Example of Burst ROM Access Timing (ASTn =1, 2-State Burst Cycle) ............. 247
Example of Burst ROM Access Timing (ASTn =0, 1-State Burst Cycle) ............. 248
Example of Idle Cycle Operation (Consecutive Reads in Different Areas) ............ 249
Example of Idle Cycle Operation (Write after Read) .........ccooveveieneneienenecnee 250
Example of Idle Cycle Operation (Read after WIte).........cccoveveiereneienenecseee 251
Relationship between Chip Select (CS) and Read (RD) ........cccuvvvvverereeeerieeseennnes 252
Example of DRAM Full Access after External Read (CAST = 0)...cccevvvevieeienene 253
Example of Idle Cycle Operationin RAS Down Mode

(Consecutive Reads in Different Areas) (IDLC = 0, RAST =0, CAST =0).......... 254
Example of Idle Cycle Operationin RAS Down Mode (Write after Read)

(IDLC =0, RAST =0, CAST = 0) ..ceceetieieiesierieesteseee s seere e seese st sasse s 254
Example of Synchronous DRAM Full Access after External Read

[(OF NS ] I =00y ) OSSP 255
Example of Idle Cycle Operationin RAS Down Mode

(Read in Different Areg) (IDLC =0, CASLAENCY 2) ....cceovevrereerenieenienieenieneane 256
Example of Idle Cycle Operation in RAS Down Mode

(Read in Different Areg) (IDLC =1, CASLAENCY 2) ....cceoevrereerierieenieneeesieneene 257
Example of Idle Cycle Operationin RAS Down Mode

(Write after Read) (IDLC =0, CASLEENCY 2) ...cvevvreeeeienieenienieesie e 258

Rev.7.00 Mar. 18, 2009 page xlvi of Ixvi
REJ09B0109-0700

RENESAS



Figure 6.76
Figure 6.77
Figure 6.78
Figure 6.79
Figure 6.80
Figure 6.81

Figure 6.82

Figure 6.83
Figure 6.84
Figure 6.85

Section 7
Figure 7.1
Figure 7.2
Figure 7.3
Figure7.4
Figure 7.5
Figure 7.6
Figure 7.7
Figure 7.8
Figure 7.9
Figure 7.10

Figure 7.11
Figure 7.12
Figure 7.13
Figure 7.14
Figure 7.15
Figure 7.16
Figure 7.17
Figure 7.18
Figure 7.19
Figure 7.20

Example of Idle Cycle Operation after DRAM Access

(Consecutive Reads in Different Areas) (IDLC = 0, RAST =0, CAST =0).......... 259
Example of Idle Cycle Operation after DRAM Access

(Write after Read) (IDLC =0, RAST =0, CAST = 0)...cccoveeririeeneree e 260
Example of Idle Cycle Operation after DRAM Write Access

(IDLC=0,ICISL=0, RAST =0, CAST = 0) s.eceectrereerrrreeeresieeeresteeee e 261
Example of Idle Cycle Operation after Continuous Synchronous DRAM Space

Read Access (Read between Different Area) (IDLC = 0, CAS Latency 2) ............ 262
Example of Idle Cycle Operation after Continuous Synchronous DRAM Space

Write Access (IDLC =0, ICIS1 =0, SDWCD =1, CASLatency 2)......cccceevveeneee 263
Example of Timing for Idle Cycle Insertion in Case of Consecutive Read and

Write Accesses to DRAM Spacein RAS DoWN MOdE.........ccvveeneneenienieerieene 266

Example of Timing for Idle Cycle Insertion in Case of Consecutive Read
and Write Accesses to Continuous Synchronous DRAM Spacein RAS Down

Mode (SDWCD =1, CASLAENCY 2)....ccvvirieeririeieirienieesiesieesiesie s saenens 267
Example of Timing when Write Data Buffer Function IsUsed..........cccccccvveveeenns 269
Bus Released State Transition TiMiNg .....cccecveeevenereeeeeereereseese e sreseeeeseeseeseesns 272
Bus Release State Transition Timing when Synchronous DRAM Interface........... 273
DMA Controller (DMAC) ... 279
Block Diagram Of DMAC ..ottt st e 280
Areas for Register Re-Setting by DTC (Channel 0A) ......cccovvveveveveeeeveere e 305
Operation in Sequential MOE..........cceeceeieririe e 313
Example of Sequential Mode Setting Procedure...........cocoveveoneneienenecseee 314
OperatioN iN IAIE MOUE ........coiiiiieieee e 315
Example of Idle Mode Setting ProCeaUre..........ccooiveririnenieineeeseee e 316
Operation in REPEEE MOTE........cceieiiiiiieeiereere e reens 318
Example of Repeat Mode Setting ProCedUIe...........ccovveveiereeecresese e e 319
Operation in Single Address Mode (When Sequential Mode |Is Specified) ............ 321
Example of Single Address Mode Setting Procedure

(When Sequential Mode IS SpeCified) ... 322
Operation in NOrmMal MOOE ........cccciiiiiiiiereeeeesee e 324
Example of Normal Mode Setting ProCedUre............ccocvveeeieeeeieesenesesese e 325
Operation in Block Transfer Mode (BLKDIR = 0) .....cceevevevvrinveseseeceseeseseeenens 327
Operation in Block Transfer Mode (BLKDIR = 1) ....ccvevevevvnieveseseeceeseese e 328
Operation Flow in Block Transfer Mode ..........ccevvercinincnenccsceeseseesiees 329
Example of Block Transfer Mode Setting Procedure..............ccocicniiincccnnien. 330
Example of DMA Transfer BuS TimiNg........cccvireieinineeniseseseseese e 331
Example of Short AddressMode Transfer ........coovvvvieninieecesere e 332
Example of Full Address Mode Transfer (Cycle Steal) ......cccoevvvievvcevcecceeciesieienn, 333
Example of Full Address Mode Transfer (Burst Mode)........ccceveveveveneceereenienn 334

Rev.7.00 Mar. 18, 2009 page xlvii of Ixvi
REJ09B0109-0700

RENESAS



Figure 7.21
Figure 7.22
Figure 7.23
Figure 7.24
Figure 7.25
Figure 7.26
Figure 7.27
Figure 7.28
Figure 7.29
Figure 7.30
Figure 7.31
Figure 7.32
Figure 7.33
Figure 7.34
Figure 7.35

Figure 7.36
Figure 7.37
Figure 7.38
Figure 7.39
Figure 7.40
Figure 7.41

Section 8
Figure 8.1
Figure 8.2
Figure 8.3
Figure 8.4
Figure 8.5
Figure 8.6
Figure 8.7
Figure 8.8
Figure 8.9
Figure 8.10
Figure 8.11

Figure 8.12
Figure 8.13
Figure 8.14
Figure 8.15
Figure 8.16

Example of Full Address Mode Transfer (Block Transfer Mode) ...........cccceeuenee 335

Example of DREQ Pin Falling Edge Activated Normal Mode Transfer................. 336
Example of DREQ Pin Falling Edge Activated Block Transfer Mode Transfer..... 337
Example of DREQ Pin Low Level Activated Normal Mode Transfer.................... 338
Example of DREQ Pin Low Level Activated Block Transfer Mode Transfer ........ 339
Example of Single Address Mode Transfer (Byte Read) .........cccceovveieeneniecnienen 340
Example of Single Address Mode (Word Read) Transfer.........cccooveevcneneccnenen. 341
Example of Single Address Mode Transfer (Byte WIIte) ........cccooevrenennincnennenn 342
Example of Single Address Mode Transfer (Word Write).........cccoevvvvvececcverienenne, 343
Example of DREQ Pin Falling Edge Activated Single Address Mode Transfer..... 344

Example of DREQ Pin Low Level Activated Single Address Mode Transfer........ 345

Example of Dual Address Transfer Using Write Data Buffer Function.................. 346
Example of Single Address Transfer Using Write Data Buffer Function ............... 347
Example of Multi-Channel Transfer ... 348
Example of Procedure for Continuing Transfer on Channel Interrupted

BY NMI INEEITUDE ...ttt et a e eeneenne 350
Example of Procedure for Forcibly Terminating DMAC Operation....................... 351
Example of Procedure for Clearing Full AddressMode..........ccccvvneiniinenecnienen. 352
Block Diagram of Transfer End/Transfer Break Interrupt ..o 353
DMAC Register Update TimiNg .......cccoereerererienereniesieesiesseeseseee s 354
Contention between DMAC Register Update and CPU Read..........ccccccoevveverinnnne 355
Examplein which Low Level 1s Not Output at TEND Pin........ccccocvvevviveceeienennnnn, 357
EXDMA Controller (EXDMAC) ....ccvoieieieeie e sie e 359
Block Diagram of EXDMAC.........ooiiiiieininenesie st 360
Example of Timing in Dual Address MOde...........cccevvinieinenenneseee e 376
Data Flow in Single Address MOGE.........c.coeveiererieneceseese s e 377
Example of Timingin Single Address Mode.........cccceveverenenecieesese e 378
Example of Timingin Cycle Steal MOde.........ccccveeeieeieve e 380
Examples of Timing in Burst MOGE............coiiiiinierieeree e 381
Examples of Timing in Normal Transfer Mode ... 382
Example of Timing in Block Transfer Mode............cccviieeninennneeeeeeeeeee 383
Example of Repeat Area FUNCtion OPeEration..........cccveverereseseeseeseeseeseseesreseenns 384
Example of Repeat Area Function Operation in Block Transfer Mode................... 385
EDTCR Update Operationsin Normal Transfer Mode and

BIOCK Transfer MOUE.........coueiieieiriese et 388
Procedure for Changing Register Settings in Operating Channel ..............ccccoceeee. 389
Example of Channel Priority Timing .......c.ccoeorereinineene e 391
Examples of Channel Priority TimMiNg......ccccooevieveeieeieeiene e seeeeseese s se e sseeeens 392
Example of Normal Transfer Mode (Cycle Steal Mode) Transfer ........cccccevevvenene. 393
Example of Normal Transfer Mode (Burst Mode) Transfer.........cccoevvveeeceienienene 394

Rev.7.00 Mar. 18, 2009 page xlviii of Ixvi
REJ09B0109-0700

RENESAS



Figure 8.17
Figure 8.18
Figure 8.19
Figure 8.20
Figure 8.21
Figure 8.22
Figure 8.23
Figure 8.24
Figure 8.25
Figure 8.26
Figure 8.27
Figure 8.28
Figure 8.29
Figure 8.30
Figure 8.31
Figure 8.32
Figure 8.33
Figure 8.34
Figure 8.35
Figure 8.36
Figure 8.37

Figure 8.38

Figure 8.39

Example of Block Transfer Mode (Cycle Steal Mode) Transfer.........c.coveeeireenee 395
Example of Normal Mode Transfer Activated by EDREQ Pin Falling Edge......... 396
Example of Block Transfer Mode Transfer Activated

by EDREQ Pin Falling EAQE.......ccccviieiieeieese et see e st snens 397
Example of Normal Mode Transfer Activated

by EDREQ PiNLOW LEVEL .......ooiiiiictiereeeseeee e 398
Example of Block Transfer Mode Transfer Activated by

EDREQ PiNLOW LEVEL ...t s 399
Example of Single Address Mode (Byte Read) Transfer .......ccoovvvvveeeveeiesenienenn, 400
Example of Single Address Mode (Word Read) Transfer.........ccoovvveeeveecevenienene, 400
Example of Single Address Mode (Byte Write) Transfer .......c.ccevevevievenieieceenns 401
Example of Single Address Mode (Word Write) Transfer..........cooooeevenenncniennn 402
Example of Single Address Mode Transfer Activated by

EDREQ Pin Falling EAQE.........coiiiiieeiiiieieseieesee s 403
Example of Single Address Mode Transfer Activated by

EDREQ PINLOW LEVE .....oviitieitiectee ettt ettt st sre v snae v b 404
Auto Request/Cycle Steal Mode/Normal Transfer Mode

(No Contention/Dual AddresS MOE) .......ccceervereirerieiineneee e 405
Auto Reguest/Cycle Steal Mode/Normal Transfer Mode

(CPU Cycles/Single AddresS MOGE) .........coeuererieinienieiene et 406
Auto Request/Cycle Steal Mode/Normal Transfer Mode

(Contention with Another Channel/Single Address Mode).........ccceevvvevierenennnnns 406
Auto Request/Burst Mode/Normal Transfer Mode

(CPU Cycles/Dual Address Mode/BGUP = 0).......cccceeeruriererinirennieiesesiee s 407
Auto Request/Burst Mode/Normal Transfer Mode

(CPU Cycles/Dual Address Mode/BGUP = 1).......ccoccernieiinineiennieieneniee e 407
Auto Request/Burst Mode/Normal Transfer Mode

(CPU CycledSingle Address Mode/BGUP = 1) ......ccvvueeeeieennne e sieseeieesee e see e 408
Auto Request/Burst Mode/Normal Transfer Mode

(Contention with Another Channel/Single AddressMode).........ccoeveeerereienienee 408
External Request/Cycle Steal Mode/Normal Transfer Mode

(No Contention/Dual Address Mode/Low Level Sensing).......cccccoveeveeenieneneenienenn 409
External Request/Cycle Steal Mode/Normal Transfer Mode

(CPU Cycled/Single Address Mode/Low Level SEnSing) ......ccccvveeeeveeieeieeseenieneens 410
External Request/Cycle Steal Mode/Normal Transfer Mode

(No Contention/Single Address Mode/Falling Edge Sensing) ........ccoeeeveveeenienenn 410
External Request/Cycle Steal Mode/Normal Transfer Mode Contention

with Another Channel/Dual Address Mode/Low Level Sensing ........cccoeeevereeeenee. 411
External Request/Cycle Steal Mode/Block Transfer Mode

(No Contention/Dual Address Mode/Low Level Sensing/BGUP = Q).........c.ccoc..... 412

Rev.7.00 Mar. 18, 2009 page xlix of Ixvi
REJ09B0109-0700

RENESAS



Figure 8.40

External Request/Cycle Steal Mode/Block Transfer Mode

(No Contention/Single Address Mode/Falling Edge Sensing/BGUP = 0).............. 413
Figure 8.41 External Request/Cycle Steal Mode/Block Transfer Mode

(CPU Cycled/Single Address Mode/Low Level Sensing/BGUP =0) ......ccccccevvenene 414
Figure 8.42 External Request/Cycle Steal Mode/Block Transfer Mode

(CPU Cycles/Dual Address Mode/Low Level Sensing/BGUP = 1).........ccceeveeee. 415
Figure 8.43 External Request/Cycle Steal Mode/Block Transfer Mode

(CPU Cycled/Single Address Mode/Low Level Sensing/BGUP = 1) .......ccccceeeee 416
Figure 8.44 External Request/Cycle Steal Mode/Block Transfer Mode

(Contention with Another Channel/Dual Address Mode/Low Level Sensing) ....... 417
Figure 8.45 Transfer ENd INtErTUPE LOGIC.....cieeveiuerieiesiesieseeeesee e ste st e e e e see st eneeneas 420
Figure 8.46 Example of Procedure for Restarting Transfer on Channel

in which Transfer End Interrupt OCCUITEd ...........coviirieiinenieeneee e 421
Section9 Data Transfer Controller (DTC) .....cceeieieeieieierereseeeseseseseeeeas 425
Figure 9.1 Block Diagram Of DTC.....cccceieiesiseieceeseesie ettt sa e e snesresnas 426
Figure 9.2 Block Diagram of DTC Activation Source COntrol .........cccceevevererceeieereenieseesennnes 433
Figure9.3  Correspondence between DTC Vector Address and Register Information............. 434
Figure9.4 Correspondence between DTC Vector Address and Register Information............. 434
Figure 9.5 Flowchart Of DTC OPEIation .........ccceereeirerieisierieesie s 438
Figure 9.6 Memory Mapping in Normal MOGE.........ccccevvieeeeieeiere et 440
Figure 9.7 Memory Mapping in REPEAt MOUE .......cceveeieierese et 441
Figure 9.8 Memory Mapping in Block Transfer Mode ........cccccoevvveveeceeiesene e seeeesesee e 442
Figure 9.9 Operation of Chain Transfer.........cccoiieiiriieiieie e 443
Figure9.10 DTC Operation Timing (Example in Normal Mode or Repeat Mode) ................... 444
Figure9.11 DTC Operation Timing (Example of Block Transfer Mode,

With BIOCK SIZE OF 2)...ueeieiice e s e 445
Figure 9.12 DTC Operation Timing (Example of Chain Transfer) ......ccccccovvvvvereccenenieseseenne. 445
Figure 9.13 Chain Transfer When Counter = 0.....cccceieieieieceeieee e se e e s 451
Section 11  16-Bit Timer Pulse Unit (TPU) .....ccocoeirieieieeeseeeeeeeeese e 545
Figure 11.1 Block Diagram Of TPU.........ccoiireiriieinesieiesie ettt 548
Figure 11.2 Example of Counter Operation Setting Procedure...........cccvvvvvveveeeeieereenieseeseenes 583
Figure 11.3 Free-Running Counter OPEration ..........ccccueveerereseseseeseeseesieseessessesesssessessessessenses 584
Figure 11.4 Periodic Counter OPEIratiON........ccceiereieeieeieeiesestesesessaeseeseessesressessessessessessessesses 585
Figure11.5 Example of Setting Procedure for Waveform Output by Compare Match.............. 586
Figure 11.6 Example of O Output/1 OUtPULt OPEIration .........c.eeeeeerierireerieneresiereee e 587
Figure 11.7 Example of Toggle OUtPUL OPEration ..........ccccereererieieresieesresee e 587
Figure 11.8 Example of Setting Procedure for Input Capture Operation............cccceevevereseereene. 588
Figure 11.9 Example of Input Capture OPEration ..........ccccevereriereeeeieesiesiesres e sesseeseeseeseeseenees 589
Figure 11.10 Example of Synchronous Operation Setting Procedure ...........ccoovvveeeceeveesieseesvenne. 590

Rev.7.00 Mar. 18, 2009 page | of Ixvi
REJ09B0109-0700

RENESAS



Figure 11.11 Example of Synchronous OPeration............cccuuereerereeieneneeeseseee e 591

Figure 11.12 Compare Match Buffer OPeration............cooecveereenerieie s 592
Figure 11.13 Input Capture BUffer OpEration...........c.ccceeeeieereresiesestesseeseesiesee e se s seesee e sreenas 592
Figure 11.14 Example of Buffer Operation Setting Procedure............cccovvveeeieeveievesese s 593
Figure 11.15 Example of Buffer Operation (1) .....ccevoeeereeieeieseniesesteseeeeseesee e se e seesaesee e 594
Figure 11.16 Example of Buffer Operation (2) ........ccccoereerereinereieseseeesie s 595
Figure 11.17 Cascaded Operation Setting ProcedUre............cooeeirerieiinenieieneniee e 596
Figure 11.18 Example of Cascaded Operation (1).......c.ccoeerereererieesiesieesie e 597
Figure 11.19 Example of Cascaded Operation (2).......ccveeieeiererieresesieeseesieseesesessesseesseseessesnes 597
Figure 11.20 Example of PWM Mode Setting Procedure............covvveeeveeresesieseseseereese e 600
Figure 11.21 Example of PWM Mode Operation (1) .....ccceecveveererieseseseeieesieseeseseesseseesseseeseenees 601
Figure 11.22 Example of PWM Mode Operation (2) .......cccoeeeerereeneneeeseneee e 601
Figure 11.23 Example of PWM Mode Operation (3) .......ccceeereeerererieneneeesieseee e 602
Figure 11.24 Example of Phase Counting Mode Setting Procedure............c.coeeeinennenenenennen. 603
Figure 11.25 Example of Phase Counting Mode 1 Operation..........ccccvveeeevesesesesesseeseseesennnes 604
Figure 11.26 Example of Phase Counting Mode 2 Operation..........cccvveeeeevesesiesesesseeseeseesennnns 605
Figure 11.27 Example of Phase Counting Mode 3 Operation..........ccccvveeveevesesieseseeeseeseseeseennes 606
Figure 11.28 Example of Phase Counting Mode 4 Operation ..........c.ccoeeeereneeieseneeneseseneniennene 607
Figure 11.29 Phase Counting Mode Application EXample..........c.coevrineinienennienenese e 609
Figure 11.30 Count Timing in Internal ClOCK OPEration. ..........cceerereeereneeeneseees