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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The revision list can be viewed directly by clicking the title page.
The revision list summarizes the locations of revisions and
additions. Details should always be checked by referring to the
relevant text.

H8/3029F-ZTAT™

Hardware Manual

Renesas 16-Bit Single-Chip
Microcomputer

H8 Family / H8/300H Series
H8/3029  HD64F3029

Renesas Electronics Rev. 2.00 2004.06


Revision list
The revision list can be viewed directly by clicking the title page. The revision list summarizes the locations of revisions and additions. Details should always be checked by referring to the relevant text.


Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

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




General Precautionson Handling of Product

1. Treatment of NC Pins

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

2. Treatment of Unused Input Pins

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

3. Processing before Initialization

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

4. Prohibition of Accessto Undefined or Reserved Addresses

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




Preface

ThisLSl isahigh performance single-chip microcontroller that integrates peripheral functions
necessary for system configuration with an H8/300H CPU featuring a 32-bit internal architecture
asitscore. In addition, this LSl has an on-chip debugging function using the on-chip debugging
emulator (E10T).

The E10T emulates a microcontroller and provides functions to support debugging of user
programs under the conditions of this LSl being mounted on the user system.

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

Intended Readership: This manual is intended for users undertaking the design of an application
system using the H8/3029F-ZTAT ™. Readers using this manual require a
basic knowledge of electrical circuits, logic circuits, and microcomputers.

Purpose: The purpose of this manual isto give users an understanding of the
hardware functions and electrical characteristics of the H8/3029F-ZTAT™.
Details of execution instructions can be found in the H8/300H Series
Programming Manual, which should be read in conjunction with the
present manual.

Using this Manual:

+ For an overall understanding of the H8/3029F-ZTAT™'s functions
Follow the Table of Contents. This manual is broadly divided into sections on the CPU,
system control functions, peripheral functions, and electrical characteristics.

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

Related Material: The latest information is available at our Web Site. Please make sure that
you have the most up-to-date information available.
(http:www.renesas.com)

Rev. 2.0, 06/04, page i of xxiv
RENESAS



User's Manual on the H8/3029F-ZTAT™:

Manual Title ADE No.
H8/3029F-ZTAT™ Hardware Manual This manual
H8/300H Series Programming Manual ADE-602-053
Usr's Manuals for development tools:

Manual Title ADE No.
C/C++ Compiler, Assembler, Optimizing Linkage Editor User's Manual ADE-702-247
H8S, H8/300 Series Simulator/Debugger User's Manual ADE-702-037
Renesas Technolgy Embedded Workshop User's Manual ADE-702-201
H8S, H8/300 Series High-Performance Embedded Workshop, Renesas ADE-702-231
Technolgy Debegging Interface User's Manual

Application Note:

Manual Title ADE No.
H8/300H for CPU Application Note ADE-502-033
H8/300H On-Chip Supporting Modules Application Note ADE-502-035
H8/300H Technical Q&A ADE-502-038

Rev. 2.0, 06/04, page ii of xxiv
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)

All Product code changed
HD64F3029X25 — HD64F3029TE25
HD64F3029X25W - HD64F3029TE25W
HD64F3029XBL25 - HD64F3029TEBL25

1.1 Overview 6 Table amended

Table 1.1 Features Regular product

Product Code code
Product (Catalog Product (Internal Product
Type Code) Code)
H8/3029 HD64F3029F25 HD64F3029F25

HD64F3029F25W HD64F3029F25W

HD64F3029FBL25 HD64F3029FBL25

HD64F3029TE25 HD64F3029X25

HD64F3029TE25W  HD64F3029X25W

HD64F3029TEBL25 HD64F3029XBL25

12.2.4 Notes on Register 448 Description of RSTOE deleted
Access

Writing to RSTCSR

Figurel2.3 Format of Data
Written to RSTCSR

Rev. 2.0, 06/04, page iii of xxiv
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Iltem Page Revision (See Manual for Details)

18.4.2 Programming/Erasing 596 Table amended

Interface Register .

(6) Flash Transfer Destlnatlon TDER Descrlpt\fon(Return Value after D‘own\oad) ( —
. 0 Setting of TDA6 to TDAO is normal Initial value;

Address RegISter (FTDAR) 1 Setting of TDER and TDA6 to TDAO is H'04 to H'FF and download has been

aborted
18.10.1 Serial Communication 652 Description amended
:\r/}gedr;ace Specification for Boot — Size (1 byte) : Amount of device-code data
. i This is fixed to 4

« Inquiry and Selection States

(2) Device Selection

(11) New Bit-Rate Selection 657, 658 Description amended

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

— Multiplication ratio 2 (1 byte) : The value of
multiplication or division ratios for the peripheral
frequency
— Multiplication ratio (1 byte) : The value of the

multiplication ratio (e.g. when the clock
frequency is multiplied by four, the
multiplication ratio will be H'04. Cannot be set
for this LSI.)

* Programming 663 Figure amended

Figure18.27 Programming Programming selection (H'42, H'43 )

Sequence

(3) 128-byte Programming 664 Description amended

— Programming Address (4 bytes) : Start address
for programming
Multiple of the size specified in response to the
programming unit inquiry

(i.e. H'00, H'01, H'00, H'00 : H'00010000)
19.2.2 External Clock Input 693 Table amended

External Clock
Table 19.3 Clock Timing

Item ‘Test Conditions

Clock low pulse width + Figure 21.13

Clock high pulse width

Rev. 2.0, 06/04, page iv of xxiv
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Item

Page Revision (See Manual for Details)

21.1 Electrical Characteristics
of HD64F3029F25,
HD64F3029TE25

713 Title amended

21.1.2 DC Characteristics
Table 21.2 DC Characteristics

715,716 Table and note amended

Test
Item Symbol Min Typ Max Unit  Conditions
Current Normal [ — 20(3.3v) 38 mA  f=25MHz
dissipation**  operation
Sleep mode — 17(3.3V) 35 mA  f=25MHz
Module — 16(3.3V) 34 mA  f=25MHz
standby mode
Standby mode — 15(3.3v) 70 HA T,<50°C
— — 100 pA  50°C<T,
Flash memory — 30(3.3v) 48 mA  f=25MHz
programming/ (reference
erasing** values)
Analog power During A/D Al — 0.6 15 mA
supply current conversion
During A/D — 0.6 15 mA
and D/A
conversion
Idle — 0.02(3.3V) 5.0 WA T,<50°C
at DASTE=0
— — 15 PA  50°C<T,
at DASTE=0
Test
Item Symbol Min Typ Max Unit  Conditions
Reference During AID Al — 025 0.8 mA
current conversion
During AID — 12 3.0 mA
and D/A
conversion
Idle — 002 50 HA DASTE =0
RAM standby voltage Ve 3.0 — — Vv
V,, output Normal Ve 15 1.9 2.3 Vv V=33V
Voltage** operation T,=25C
V. start Vecsmar — 0 0.8 \
Voltage*®
V,, rise rate*® SV, 0.05 — — Vims

*3 I, max. (normal operation)= 11 (mA) + 0.13
(MA/(MHz x V)) x V__ x f

I.. max. (sleep mode)= 11 (mA) + 0.11
(MA/(MHz x V)) x V__ x f

I.. max. (sleep mode + module standby mode) =
11 (mA) + 0.10 (mA/(MHz x V)) x V__ x f

Rev. 2.0, 06/04, page Vv of xxiv
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Iltem Page Revision (See Manual for Details)
21.1.4 AJ/D Conversion 725 Table amended
Characteristics ‘ ‘
Table 21.8 A/D Conversion ftem Max }
Characteristics Conver- Nonlinearity error +3.5
siontime:  qet error i+3.5
134 states : !
Full-scale error 1+3.5 !
Quantization error +0.5
Absolute accuracy 4.0
Item Max s
Conver-  Nonlinearity error +7.5
i i * . 1 1
slon iMe™: " tset error *7.5 !
70 states : !
Full-scale error *7.5 !
Quantization error 0.5
Absolute accuracy 8.0
21.2 Electrical Characteristics 728 Title amended
of HD64F3029F25W and
HD64F3029TE25W
21.2.2 DC Characteristics 730 Table and note amended
Table 21.12 DC Characteristics Test
Item Symbol Min Typ Max Unit  Conditions
“Curent | Normal | [ 20(33V) 38 1 mA  f=25MHz
dissipation*>  operation
Sleep mode — 17(33V) 35 mA  f=25MHz
Module — 16(3.3v) 34 mA  f=25MHz
standby mode
Standby mode — 15(3.3V) 70 WA T,<50°C
— — 100 MBA  50°C<T,
Flash memory — 30(3.3v) 48 mA  f=25MHz
programming/ (reference
erasing** values)
Analog power During A/D Al — 0.6 {185] mA
supply current conversion
During A/D — 0.6 {185] mA
and D/A
conversion
Idle — 0.02(3.3V) 5.0 A T,<50°C
at DASTE=0
— — 15 PWA  50°C<T,
at DASTE=0

Rev. 2.0, 06/04, page vi of xxiv
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Iltem Page Revision (See Manual for Details)

21.2.2 DC Characteristics 731 Table and note amended
Table 21.12 DC Characteristics

Item Symbol  Min Typ  Max Unit !
Reference During A/D Al — 025 0.8 mA
current conversion

During A/D — 1.2 3.0 mA

and D/A

conversion

Idle — 0.02 5.0 HA
RAM standby voltage Vo 3.0 — — \
V. output Normal Vo 15 19 2.3 \%
Voltage*® operation
V. start Vecomr — 0 0.8 v
Voltage** !
V. rise rate*® SV, 0.05 — — Vims

*3 I, max. (normal operation)= 11 (mA) + 0.13
(MA/(MHz x V)) x V__ x f

I.. max. (sleep mode)= 11 (mA) + 0.11
(MA/(MHz x V)) xV__ x f

I.. max. (sleep mode + module standby mode) =
11 (mA) + 0.10 (mA/(MHz x V)) x V__ x f

21.2.4 AJ/D Conversion 740 Table amended
Characteristics ‘ ‘
Table 21.18 A/D Conversion ftem Max 1
Characteristics Conver- Nonlinearity error +3.5 1
siontime:  gqet error i+3.5
134 states : !
Full-scale error 1+3.5 !
Quantization error +0.5
Absolute accuracy 4.0
Iltem iMax
Conver-  Nonlinearity error +7.5
sion time*: "G¢taet error +7.5 |
70 states . |
Full-scale error +7.5
Quantization error 0.5
Absolute accuracy 8.0
21.3 Electrical Characteristics 743 Title amended
of HD64F3029FBL25 and
HD64F3029TEBL25

Rev. 2.0, 06/04, page vii of xxiv
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Iltem Page Revision (See Manual for Details)

21.3.2 DC Characteristics 745,746 Table and note amended
Table 21.22 DC Characteristics Test
tem Symbol Min Typ  Max  Unit Conditions
Current Normal [ — 20(3.3v) 38 mA  f=25MHz
dissipation**  operation
Sleep mode — 17(3.3V) 35 mA  f=25MHz
Module — 16(3.3V) 34 mA  f=25MHz
standby mode
Flash memory — 30(3.3v) 48 mA  f=25MHz
programming/ (reference
erasing** values)
Analog power During A/D Al — 0.6 15 mA
supply current conversion
During AID — 0.6 15 mA
and D/A
conversion
Item Symbol  Min Typ Max
Reference current  During A/D Al — 0.25 0.8
conversion
During A/D and — 12 3.0
D/A conversion .
RAM standby voltage Ve 3.0 — —
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, J

*3 I, max. (normal operation)= 11 (mA) + 0.13
(MA/(MHz x V)) x V__ x f

I, max. (sleep mode)= 11 (mA) + 0.11
(MA/(MHz x V)) x V__ x f

I.. max. (sleep mode + module standby mode)
11 (mA) + 0.10 (mA/(MHz x V)) x V__ x f

21.3.4 AJD Conversion 755 Table amended
Characteristics ‘ ‘
Table 21.28 A/D Conversion ftem Max }
Characteristics Conver- Nonlinearity error +3.5
siontime:  gqet error i+3.5
134 states : !
Full-scale error 1+3.5 !
Quantization error +0.5
Absolute accuracy 4.0
Iltem iMax
Conver-  Nonlinearity error +7.5
sion ime*: ¢t error +7.5
70 states
Full-scale error +7.5
Quantization error 0.5
Absolute accuracy 1+8.0

Rev. 2.0, 06/04, page viii of xxiv
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Iltem Page Revision (See Manual for Details)
B.1 Addresses (EMC=1) 807 Bit table amended
Data
Address  Register Bus Bit Names :
(Low) Name Width Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 3
WEEOBS FTOAR 8 TOER TOAS TOAS TOM TOAS TOAZ TOAL TOAD |
B.2 Addresses (EMC=0) 820 Bit table amended
Address  Register gj‘: Bit Names !
(Low) Name Width Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
B.3 Functions 856 Added
FTDAR Flash Transfer
Destination Address Register
F.1 H8/3029F Product Code 969 Table amended

Lineup

Regular product

Product Code code

(Catalog Package (Internal Product

Product Type Code) Code)
H8/3029 On-chip flash HD64F3029F25 HD64F3029F25 i
memory HD64F3029F25W HD64F3029F25W |
HD64F3029FBL25 HD64F3029FBL25 !

HD64F3029TE25 HD64F3029X25

HD64F3029TE25W HD64F3029X25W |

HD64F3029TEBL25W HD64F3029XBL25

RENESAS
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Section1 Overview

1.1 Overview

The H8/3029 is a series of microcontrollers (MCUSs) that integrate system supporting functions
together with an H8/300H CPU core having an original Renesas Technology architecture.

The H8/3029 is a single-chip microcontroller (MCU) that integrates peripheral functions
necessary for system configuration with an H8/300H CPU featuring a 32-bit internal architecture
asitscore. In addition, this LSl has an on-chip debugging function using the on-chip debugging
emulator (E10T).

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

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

The H8/3029 has 512 kbytes of flash memory and 16 kbytes of RAM.

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

The H8/3029 includes an F-ZTAT ™* version with on-chip flash memory that can be
programmed on-board. This version enables users to respond quickly and flexibly to changing
application specifications, growing production volumes, and other conditions.

The E10T emulates a microcontroller and provides functions to support debugging of user
programs under the conditions of this LSl being mounted on the user system.

Table 1.1 summarizes the features of the H8/3029.

Note: * F-ZTAT™ (Flexible ZTAT) isatrademark of Renesas Technology Corp.
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Notes on using the on-chip debugging functions incorporated in the H8/3029

The following must be noted when developing and debugging H8/3029 programs using the on-
chip debugging function.

1.

The on-chip emulator supports only the development and debugging of programs on the on-
chip flash memory. The on-chip emulator cannot emulate external memory or when the LSl is
in ROM-disabled modes.

Since the DRAM interface and DMAC does not operate, do not set the registers for these
modules.

In the break mode of on-chip emulation, the watchdog timer (WDT) stops counting.
Therefore, the WDT count will be different from the expected value after leaving break mode.
The FWE (BRK), P91, P93, and P95 pins are specifically used by the E10T and cannot be
used by the user.

In the 16-Mbyte address mode, address area from H'FF7000 to H'FF7FFF is used by the E10T
and cannot be used by the user.

Emulation of hardware standby mode can not be performed.
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Tablel.l1 Features

Feature Description
CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine
» Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers, eight 16-bit registers, or eight 32-bit
registers)
High-speed operation
* Maximum clock rate: 25 MHz
* Add/subtract: 80 ns
e Multiply/divide: 560 ns
16-Mbyte address space
Instruction features
» 8/16/32-bit data transfer, arithmetic, and logic instructions
» Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
» Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
» Bit accumulator function
< Bit manipulation instructions with register-indirect specification of bit
positions
Memory H8/3029
 ROM: 512 kbytes
*  RAM: 16 kbytes
Interrupt « Seven external interrupt pins: NMI, TRQO to IRQ5
controller « 36 internal interrupts

e Three selectable interrupt priority levels

Bus controller

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

* Chip select output available for areas 0 to 7

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

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

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

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

* Bus arbitration function
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Feature Description

DMA controller  Short address mode

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

« Two time constant registers
* Two channels can be connected

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

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

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

Watchdog * Reset signal can be generated by overflow

timer (WDT), * Usable as an interval timer

1 channel

Serial » Selection of asynchronous or synchronous mode

communication

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

e Full duplex: can transmit and receive simultaneously

* Smart card interface functions added

Rev. 2.0, 06/04, page 4 of 980
RENESAS



Feature

Description

A/D converter

Resolution: 10 bits

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

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

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

D/A converter

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

1/0O ports

70 input/output pins
9 input-only pins

Operating modes

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

Mode 1 1 Mbyte A t0A, 8 bits 16 bits
Mode 2 1 Mbyte A to A 16 bits 16 bits
Mode 3 16 Mbytes A to A, 8 bits 16 bits
Mode 4 16 Mbytes A, to A 16 bits 16 bits
Mode 5 16 Mbytes A to A, 8 bits 16 bits

Mode 7 1 Mbyte — — —

On-chip ROM is disabled in modes 1 to 4

Power-down
state

Sleep mode

Software standby mode

Hardware standby mode

Module standby function

Programmable system clock frequency division

Other features

On-chip clock pulse generator
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Feature Description

Product
lineup

Regular product

Product Code code Package
Product (Catalog Product (Internal Product (Renesas
Type Code) Code) Package Code) Classification
H8/3029 HD64F3029F25 HD64F3029F25 100-pin QFP Regular
(FP-100B) specifications with
on-chip flash memory
HD64F3029F25W HD64F3029F25W Wide-range
specifications with
on-chip flash memory
HD64F3029FBL25 HD64F3029FBL25 Standard
characteristic
specifications with
on-chip flash memory
HD64F3029TE25 HD64F3029X25 100-pin TQFP Regular
(TFP-100B) specifications with
on-chip flash memory
HD64F3029TE25W  HD64F3029X25W Wide-range
specifications with
on-chip flash memory
HD64F3029TEBL25 HD64F3029XBL25 Standard

characteristic
specifications with
on-chip flash memory

Rev. 2.0, 06/04, page 6 of 980

RENESAS



1.2 Block Diagram

Figure 1.1 shows an internal block diagram.
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Figurel.1 Block Diagram
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1.3 Pin Description

131 Pin Arrangement

The pin arrangement of the H8/3029 FP-100B and TFP-100B packagesis shown in figure 1.2.

v |
x |x =
‘;‘;‘D‘w B ‘2‘%‘< 28598y
3T lzig = > oo a3 <L LI L
S5 SpuRb m—‘m‘m;m: R I I
© © W © OkF X O =l = © © © © O wwmLww N N
=S ==Z0000a>XW>ZKnaaoaaoao >aaadooa
ONnO0O0O0On0nononNoOonnnonnonnoOoOonnn
N I M AN O O 0N O W I M N O O 0N © 1 T M N o
M N~MNMMNMNM OO O O O© © O© © O© O WwWwWwWwmWwWww w
AvVcc [ 76 50 [ P2s5/A13
Vrer O 77 49 [ P24/A12
ANg/P70 ] 78 48 [1P23/A11
ANy/P71 ] 79 47 [ P22/A10
AN2/P7, [] 80 46 [1P21/Ag
AN3/P73 ] 81 45 [ P2p/As
ANy/P74 ] 82 44 Vss
ANs/P75 ] 83 43 [ P17/A7
ANg/DAG/PT6 [ 84 42[P1g/As
AN7/DA1/P77 [] 85 41[P1s/As
Avss [] 86 40 [ P14Ag
IRQo/RFSH/P8q [] 87 Top view 39 [ P13/A3
IRQu/CS3/P8, [ 88 (FP-1008B, TFP-100B) S
IRQ2/CS,/P8, [] 89 37[P11/A;
TRQ3/CS1/ADTRG/P83 [] 90 36 [ P1o/Ag
CSo/P84 [] 91 35 Vce
Vss [] 92 34 [ P37/D15
TPo/TCLKA/TENDo/PAg [] 93 33[]P36/D14
TP1/TCLKB/TEND:/PA; [] 94 32[1P3s/D13
TP2ITIOCAG/TCLKC/PA, [] 95 31[]P34/D12
TP3/TIOCB/TCLKD/PA3 [] 96 30 [1P33/D11
TP4/TIOCA1/AL3/PA4 [C] 97 29 [1P3,/D1g
TPs/TIOCB1/A22/PAs [C] 98 28 [1P31/Dg
TP/TIOCA2/A21/PAs (] 99 27 [(1P3¢/Dg
TP7/TIOCB,/A20/PA7 [ 100 . o 7o
"N M T 0O O ~0 0 A A A A A A A A A 4 NN NN NN
Ot guoogoo
* O = N o™ < w o ~ yj 1)) O -+ N o™ A v O 4 N ™M U S O ©
cEEEEEEEEzYegggggadsaryiga
R R S v o Yo uDd oD S b ©
[ T B e | [alNalNalN el AR AN allalNalla) [apyalya)
F FQOooo oo X X X X 0O O
\oT-q':';ﬂ':tt': FRxoc oo
COoORRBARR 5 B
25295‘599 g€
E E FE = = ] Ll 4 x|
I ]
BIow s X 1
ClWiol? ©
L
['4 n
s 3
> 19
(%] 5 0.1 pF
[}
83 I

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

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

Table 1.2 summarizes the pin functions.

Table1.2 Pin Functions
Pin No.
FP-100B
Type Symbol  TFP-100B 1/O Name and Function
Power Ve 35, 68 Input  Power: For connection to the power supply. Connect
all vV pins to the system power supply.
Vo 11, 22, 44, Input  Ground: For connection to ground (0 V).
57, 65, 92 Connect all V, pins to the 0-V system power supply.
Internal V 1 Output Connect an external capacitor between this pin and
step-down GND (0 V). Do not connect to V..
pin
Veu 0.1 uF
1y
.
Clock XTAL 67 Input  For connection to a crystal resonator.
For examples of crystal resonator and external clock
input, see section 19, Clock Pulse Generator.
EXTAL 66 Input  For connection to a crystal resonator or input of an
external clock signal. For examples of crystal
resonator and external clock input, see section 19,
Clock Pulse Generator.
[0} 61 Output System clock: Supplies the system clock to external

devices.
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Pin No.

FP-100B

Type Symbol  TFP-100B /O Name and Function
Operating MD, to 75t0 73 Input  Mode 2 to mode O: For setting the operating mode,
mode MD, as follows. The H8/3029 can be used only in modes
control 1to 5, 7. The inputs at the mode pins must select
one of these six modes. Inputs at these pins must
not be changed during operation.
MD, MD, MD,  Operating Mode
0 0 0 —
0 0 1 Mode 1
0 1 0 Mode 2
0 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
1 1 0 —
1 1 1 Mode 7
System RES 63 Input  Reset input: When driven low, this pin resets the
control chip
FWE 10 Input  Write enable signal: Flash memory write control
signal
STBY 62 Input  Standby: When driven low, this pin forces a
transition to hardware standby mode
BREQ 59 Input  Bus request: Used by an external bus master to
request the bus right
BACK 60 Output Bus request acknowledge: Indicates that the bus
has been granted to an external bus master
Interrupts ~ NMI 64 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt
IRQ, to 17, 16, Input  Interrupt request 5 to 0: Maskable interrupt request
IRQ, 90 to 87 pins
Address A to A, 97to100, Output Address bus: Outputs address signals
bus 56 to 45,

4310 36
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Pin No.

FP-100B

Type Symbol  TFP-100B 1/O Name and Function
Databus D, ,toD, 34to23, |Input/ Data bus: Bidirectional data bus
21to0 18 output
Bus control @7 to 2105, Output Chip select: Select signals for areas 7 to 0
CS, 881091
AS 69 Output Address strobe: Goes low to indicate valid address
output on the address bus
RD 70 Output Read: Goes low to indicate reading from the external
address space
HWR 71 Output High write: Goes low to indicate writing to the
external address space; indicates valid data on the
upper data bus (D, to D).
LWR 72 Output Low write: Goes low to indicate writing to the
external address space; indicates valid data on the
lower data bus (D, to D).
WAIT 58 Input  Wait: Requests insertion of wait states in bus cycles
during access to the external address space
DRAM RFSH 87 Output Refresh: Indicates a refresh cycle
interface CS, to 89, 88, Output Row address strobe RAS: Row address strobe
CS, 5,4 signal for DRAM
RD 70 Output Write enable WE: Write enable signal for DRAM
HWR 71 Output Upper column address strobe UCAS: Column
UCAS 6 address strobe signal for DRAM
LWR 72 Output Lower column address strobe LCAS: Column
LCAS 7 address strobe signal for DRAM
DMA DREQ,, 53 Input DMA request 1 and 0: DMAC activation
controller  DREQ, requests
(DMAC) TEND,, 94, 93 Output Transfer end 1 and 0: These signals indicate that
TEND, the DMAC has ended a data transfer
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Pin No.

FP-100B
Type Symbol  TFP-100B 1/O Name and Function
16-bit timer TCLKD to 96 to 93 Input  Clock input D to A: External clock inputs
TCLKA
TIOCA,to 99,97,95 Input/ Input capture/output compare A2 to AO: GRA2 to
TIOCA, output GRAO output compare or input capture, or PWM
output
TIOCB, to 100, 98, Input/  Input capture/output compare B2 to BO: GRB2 to
TIOCB, 96 output GRBO output compare or input capture, or PWM
output
8-bittimer TMO,, 2,4 Output Compare match output: Compare match output
TMO, pins
TMIO,, 3,5 Input/  Input capture input/compare match output: Input
TMIO, output capture input or compare match output pins
TCLKD to 96 to 93 Input  Counter external clock input: These pins input an
TCLKA external clock to the counters.
Program- TP to 9to 2, Output TPC output 15 to 0: Pulse output
mable TP, 100 to 93
timing
pattern
controller
(TPC)
Serial com- TxD, to 8,13,12 Output Transmit data (channels 0, 1, 2): SCI data output
munication TxD,
interface RxD,to  9,15,14 Input Receive data (channels 0, 1, 2): SCI data input
(SCi) RXD,
SCK,to  7,17,16 Input/ Serial clock (channels 0, 1, 2): SCI clock
SCK, output input/output
A/D AN, to 85to0 78 Input  Analog 7 to O: Analog input pins
converter AN,
ADTRG 90 Input  A/D conversion external trigger input: External
trigger input for starting A/D conversion
D/IA DA, DA, 85,84 Output Analog output: Analog output from the
converter D/A converter
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Pin No.

FP-100B

Type Symbol  TFP-100B 1/O Name and Function

A/D and AV . 76 Input  Power supply pin for the A/D and D/A converters.
D/IA Connect to the system power supply when not using
converters the A/D and D/A converters.

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

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

1/0 ports P1,to P1, 43to 36 Input/  Port 1: Eight input/output pins. The direction of each
output pin can be selected in the port 1 data direction
register (P1DDR).

P2, to P2, 52to 45 Input/  Port 2: Eight input/output pins. The direction of each

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

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

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

P4,to P4, 26t023, Input/ Port 4: Eight input/output pins. The direction of each

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

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

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

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

72t0 69, output The direction of each pin can be selected in the port
60 to 58 6 data direction register (P6DDR).
P7,to P7, 851078 Input  Port 7: Eight input pins
P8, to P8, 91 to 87 Input/  Port 8: Five input/output pins. The direction of each
output pin can be selected in the port 8 data direction
register (P8DDR).
P9, to P9, 17to 12 Input/  Port 9: Six input/output pins. The direction of each
output pin can be selected in the port 9 data direction
register (PODDR).

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

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

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

output pin can be selected in the port B data direction

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

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

Pin No. Pin Name

FP-100B

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

l VCL VCL VCL VCL VCL VCL

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

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

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

5 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/
TMIO,/ TMIO,/ T™IO/ TMIO,/ TMIO,/ T™IO/
DREQ,/ DREQ,/ DREQ// DREQ,/ DREQ,/ DREQ,
CS, CS, CS, CS, CS,

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

7 PB/TP,/ PB/TP,/ PBJ/TP/ PB/TP,/ PB/TP,/ PBJ/TP/
LCAS/ LCAS/ LCAS/ LCAS/ LCAS/ SCK,
SCK, SCK, SCK, SCK, SCK,

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

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

10 FWE FWE FWE FWE FWE FWE

11 VSS VSS VSS VSS VSS VSS

12 P9,/TXD, P9,/TXD, P9,/TXD, P9,/TXD, P9,/TXD, P9,/ TXD,

13 P9,/TXD, P9,/TXD, P9,/TxD, P9,/TXD, P9,/TXD, P9,/TxD,

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

15 P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD,

16 P9,/IRQ,/ P9,/IRQ,/ P9/IRQ,/ P9,/IRQ,/ P9,/IRQ,/ P9/IRQ,/
SCK, SCK, SCK, SCK, SCK, SCK,

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

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

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

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

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7
21 P4./D* ! P4./D* 2 P4./D,* ! P4./D* z P4./D* ! P4,
22 VSS VSS VSS VSS VSS VSS
23 P4,/D,* ! P4,/D,* 2 P4,/D,* ! P4,/D,* z P4,/D,* ! P4,
24 P4,/D* ! P4,/D* 2 P4,./D* ! P4,/D* 2 P4,/D* ! P4,
25 P4,/D* ! P4,/D* 2 P4,/D* ! P4,/D* z P4,/D* ! P4,
26 P4./D* ! P4./D* z P4./D,* ! P4./D* z P4./D* ! P4,
27 D, D, D, D, D, P3,
28 D, D, D, D, D, P3,
29 DlO DlO DlD DlO DlO P32
30 D11 D11 Dll D11 D11 P33
31 D12 D12 D12 D12 D12 P34
32 D13 D13 D13 D13 D13 P35
33 D14 D14 D14 D14 D14 P36
34 D15 D15 D15 D15 D15 P37
35 VCC VCC VCC VCC VCC VCC
36 A, A, A, A, P1/A, P1,
37 A, A, A, A, P1/A, P1,
38 A, A, A, A, P1/A, P1,
39 A, A, A, A, P1/A, P1,
40 A, A, A, A, PL/A, P1,
41 A, A, A A, PLJA, P1,
42 A, A, A, A, P1JA, P1,
43 A, A, A A, PLJA, P1,
44 VSS VSS VSS VSS VSS VSS
45 A, A, A, A, P2JA, P2,
46 A, A, A, A, P2,/A, P2,
47 AlD AlD AlO AlD P22/A10 P22
48 All All All All P23/A11 P23
49 A12 A12 A12 A12 P24/A12 P24
50 A13 A13 A13 A13 P25/A13 P25
51 A, A, A, A, P2/A,, P2,
52 A, A, A, A, P2./A P2,
53 A, A, A, A, P5/A, PS5,
54 A, A, A, A, P5,/A,, PS5,
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Pin No. Pin Name

FP-100B

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

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

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

57 Ves Ves Vs Ves Ves Vs

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

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

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

61 P6,/@** P6,/@* P6,/g-* P6,/@* P6,/@** P6, /g

62 STBY STBY STBY STBY STBY STBY

63 RES RES RES RES RES RES

64 NMI NMI NMI NMI NMI NMI

65 Vs Vs Vss Vs Vs Vss

66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL

67 XTAL XTAL XTAL XTAL XTAL XTAL

68 Ve Vee Ve Vee Vee Ve

69 AS AS AS AS AS P6,

70 RD RD RD RD RD P6,

71 HWR HWR HWR HWR HWR P6,

72 LWR LWR LWR LWR LWR P6,

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

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

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

76 AV AV AV, AV AV AV,

7 Veer Veer Veer Veer Veer Veer

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

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

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

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

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

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

84 P7J/AN,/ P7J/AN,/ P7/AN,/ P7J/AN,/ P7J/AN,/ P7/AN,/
DA, DA, DA, DA, DA, DA,

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

86 AV AV AV AV AV AV
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Pin No. Pin Name
FP-100B
TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7
87 P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,
RFSH RFSH RFSH RFSH RFSH
88 P8 /IRQ/ P8 /IRQ/ P8,/IRQ,/ P8,/IRQ,/ P8 /IRQ/ P8,/IRQ,
CS, CS, CS, CS, CS,
89 P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,RQ,
CsS, CsS, CS, CsS, CsS,
90 P8,/IRQ/ P8,/IRQ/ P8,/IRQ,/ P8,/IRQ/ P8,/IRQ/ P8/IRQ/
CS/ADTRG CS/ADTRG CS/ADTRG CS/ADTRG CS/ADTRG ADTRG
91 P8,/CS, P8,/CS, P8,/CS, P8,/CS, P8,/CS, P8,
92 VSS VSS VSS VSS VSS VSS
93 PATP,/ PA/TP,/ PAJTP,/ PA/TP,/ PATP,/ PAJTP,/
TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/
TEND, TEND, TEND, TEND, TEND, TEND,
94 PA/TP,/ PA/TP,/ PA/TP, PA/TP,/ PA/TP,/ PA/TP,/
TCLKB/ TCLKB/ [TCLKB/ TCLKB/ TCLKB/ TCLKB/
TEND, TEND, TEND, TEND, TEND, TEND,
95 PA,/ITP,/ PA,/ITP,/ PA,TP,/ PA,/ITP,/ PA,/ITP,/ PA,TP,/
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC
96 PA,TP,/ PA,TP,/ PAJTP,/ PA,TP,/ PA,TP,/ PAJTP,/
TIOCB,/ TIOCB,/ TIOCBy/ TIOCB,/ TIOCB,/ TIOCB/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD
97 PA,TP,/ PA,TP,/ PAJTP,/ PA,TP,/ PA,TP,/ PA,JTP,/
TIOCA, TIOCA, TIOCA/ TIOCA,/ TIOCA,/ TIOCA,
A23 AZS AZS
98 PA/TP,/ PA/TP,/ PAJTP,/ PA/TP,/ PA/TP,/ PAJTP,/
TIOCB, TIOCB, TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,
AZZ A22 A22
99 PATP,/ PATP,/ PAJTP,/ PATP,/ PATP,/ PAJTP,/
TIOCA, TIOCA, TIOCA,/ TIOCA,/ TIOCA,/ TIOCA,
A21 A21 A21
100 PA. TP,/ PA. TP,/ A, A, PA.ITP,/ PAJTP,/
TIOCB, TIOCB, TIOCB,/ TIOCB,
AZD
Notes: *1 In modes 1, 3, 5 the P4, to P4, functions of pins P4,/D, to P4./D, are selected after a
reset, but they can be changed by software.
*2 In modes 2 and 4 the D, to D, functions of pins P4,/D, to P4./D, are selected after a
reset, but they can be changed by software.
*3 In modes 1 to 5 the P6./@pin is the @ pin after a reset, but it can be changed by
software.
*4 In mode 7 the P6. /@ pin is set as the P6, pin after a reset, but it can be changed by

software.

Rev. 2.0, 06/04, page 17 of 980
RENESAS



Rev. 2.0, 06/04, page 18 of 980
RENESAS



Section2 CPU

21 Overview

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

21.1 Features

The H8/300H CPU has the following features.

Upward compatibility with H8/300 CPU

Can execute H8/300 Series object programs

General-register architecture

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

0 8/16/32-hit arithmetic and logic instructions

O Multiply and divide instructions

0 Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [@ERN]

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

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

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

Memory indirect [ @@aa:8]

16-Mbyte linear address space

OO ooOooood
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High-speed operation

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

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

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

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

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

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

Two CPU operating modes

O Norma mode

O Advanced mode

L ow-power mode

Transition to power-down state by SLEEP instruction

2.1.2 Differences from H8/300 CPU

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

More general registers

Eight 16-bit registers have been added.

Expanded address space

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

O Norma mode supports the same 64-kbyte address space as the H8/300 CPU.
(Normal mode cannot be selected in the H8/3029.)

Enhanced addressing

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

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

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

Maximum 64 kbytes, program

* .
Normal mode and data areas combined

CPU operating modes

Maximum 16 Mbytes, program
and data areas combined

Advanced mode

Note: * Cannot be selected in H8/3029

Figure2.1 CPU Operating Modes
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2.3 Address Space

Figure 2.2 shows a simple memory map for the H8/3029. The H8/300H CPU can address a linear
address space with a maximum size of 64 kbytesin normal mode, and 16 Mbytesin advanced
mode. For further details see section 3.6, Memory Map in Each Operating Mode.

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

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

Note: * Cannot be selected in H8/3029

Figure2.2 Memory Map
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24 Register Configuration

24.1 Overview

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

general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1l R1H R1L
ER2 E2 R2H R2L
ERS3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H RS5L
ERG6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 0

PC |

Legend

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

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

User bhit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNzZCI

76543210
ccr [ 1|ulH]uln]z]v[c]

Figure2.3 CPU Registers

RENESAS
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24.2 General Registers

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

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

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

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

¢ Address registers
» 32-bit registers e 16-bit registers « 8-hit registers

E registers
— (extended registers)
EOto E7

ER registers RH registers
ERO to ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

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

/\_/

Free area

SP (ER7)—>

Stack area

/\/

Figure25 Stack

24.3 Control Registers

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

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

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

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

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

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to 0 otherwise.
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Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC ingtructions.

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

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

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

e Addinstructions, to indicate a carry
» Subtract instructions, to indicate a borrow
» Shift and rotate instructions

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

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

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

24.4 Initial CPU Register Values

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

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

251 General Register Data Formats

Figures 2.6 and 2.7 show the dataformatsin general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don'tcare .
7 0

1-bit data RnL I Don’t care EE

7 43 0

4-bit BCD data RnH Don't care

________________ 7 4 3 0

4-bit BCD data RnL 1 Don’t care

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

Legend

RnH: General register RH
RnL: General register RL

Figure2.6 General Register Data Formats
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General

Data Type Register Data Format
15 0
Word data Rn | ‘
MSB LSB
Word data En | L . L |
MSB LSB
Longword data ERn | u u
MSB LSB

Legend

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

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

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

DataType Address Data Format
7 0
1-bit data Address L 7]le6|s]al3|2]1]0
Byte data Address L MSB: :LSB
Word data Address 2M MSB: ‘ ‘ ‘ ‘ ‘ ‘
Address 2M + 1 LsB
Address 2N MSB: L
Longword data Address 2N + 1 T
Address 2N + 2
Address 2N + 3 |LsB

Figure2.8 Memory Data Formats

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

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

Table2.1 Instruction Classification

Function Instruction Types

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

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

Logic operations AND, OR, XOR, NOT 4

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

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

Branch Bcc*®, IMP, BSR, JSR, RTS 5

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

Block data transfer EEPMOV 1

Total 62 types
Notes: *1 POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
*2 Not available in the H8/3029.
*3 Bcc is a generic branching instruction.

Rev. 2.0, 06/04, page 30 of 980
RENESAS



2.6.2 Instructions and Addressing Modes

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

Table2.2 Instructionsand Addressing M odes

Addressing Modes

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

Function Instruction #Xx Rn @ERn ERn) ERn) @-ERn aa:8 aa:16 aa:24 PC) PC) aa:8 —
Data MoV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
transfer

POP, PUSH — — — — — — — — — - - - WL

MOVFPE, — — — — — — — — — — — — _

MOVTPE
Arithmetic ~ ADD, CMP BWL BWL — — — — — — — — — — _
operations

SuB WL BWL — — — — — — — — — — _

ADDX, SUBX B B — — — — — — — — — — _

ADDS, SUBS — L — — — — — — — — — — _

INC, DEC — BWL — — — — — — — — — — _

DAA, DAS — B — — — — — — — — — — _

MULXU, — BW — — — — — — — — — — _

MULXS,

DIVXU,

DIVXS

NEG — BWL — — — — — — — — — — _

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

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

JMP, JSR — — O — — — — — — O O — _

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

SLEEP — — — — — — — — — — —_ —_ O

LDC B B W w w W — W W — — — O

STC — B W w w W — W w — — — —

ANDC, ORC, B — — — — — — — — — — _ —

XORC

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

RENESAS
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2.6.3 Tablesof Instructions Classified by Function

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

Operation Notation

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

ERnN General register (32-bit register or address register)
(EAd) Destination operand
(EAS) Source operand

CCR Condition code register

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

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

O AND logical

O OR logical

O Exclusive OR logical

- Move

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

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

Data Transfer Instructions

Instruction Size*

Function

MOV

B/WI/L

(EAs) - Rd, Rs — (EAd)

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

MOVFPE

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

MOVTPE

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

POP

WiL

@SP+ - Rn

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

PUSH

WiL

Rn - @-SP

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

Note:

*

Size refers to the operand size.
B: Byte

wW:  Word

L: Longword
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Table2.4

Arithmetic Operation Instructions

Instruction Size*  Function

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

ADDX, B Rd+Rs+C - Rd,Rd+#IMM + C — Rd

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

INC, BW/L Rd+1 - Rd,Rd+2 - Rd

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

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

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

DAA, B Rd decimal adjust - Rd

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

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

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

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

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

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

NEG B/W/L O0-Rd - Rd

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

EXTS WI/L Rd (sign extension) —» Rd

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

EXTU WI/L Rd (zero extension) - Rd

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

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

Table25 Logic Operation Instructions

Instruction Size* Function

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

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

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

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

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

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

NOT B/W/L -Rd - Rd

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

Note: * Size refers to the operand size.
B: Byte
wW:  Word
L: Longword
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Table2.6  Shift Instructions

Instruction Size* Function

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

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

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

ROTR

Rotates general register contents.

ROTXL, B/W/L Rd (rotate) — Rd

ROTXR Rotates general register contents, including the carry bit.

Note: * Size refers to the operand size.
B: Byte
wW:  Word
L: Longword
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Table2.7

Instruction Size*

Bit Manipulation Instructions

Function

BSET

B

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

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

BCLR

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

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

BNOT

= (<bit-No.> of <EAd>) - (<bhit-No.> of <EAd>)

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

BTST

= (<bit-No.> of <EAd>) - Z

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

BAND

C 0 (<hit-No.> of <EAd>) - C

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

BIAND

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

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

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

BOR

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

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

BIOR

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

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

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

BXOR

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

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

BIXOR

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

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

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

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

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

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

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

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

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

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

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

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

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

Instruction Size

Branching Instructions

Function

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

RENESAS
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Table2.9

Instruction Size*

System Control Instructions

Function

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

B:
W:  Word

Byte
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Table2.10 Block Transfer Instruction

Instruction Size Function

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

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

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

2.6.4 Basic Instruction Formats

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

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

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

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

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.
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Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ n ‘ rm

EA (disp)

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

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats

2.6.5 Notes on Use of Bit Manipulation Instructions

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

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

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

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

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

Theintended purpose of this BCLR instruction isto switch P4g from output to input.

Befor e Execution of BCLR Instruction

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

After Execution of BCLR Instruction

P4, P4g P45 P4, P4, P4, P4, P4,
Input/output  Output  Output  Output Output Output Output Output Input
DDR 1 1 1 1 1 1 1 0

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

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

Asaresult, P4oDDR is cleared to 0, making P4g an input pin. In addition, P47;DDR and P4gDDR
are set to 1, making P47 and P4g output pins.

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

2.7.1 Addressing Modes

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

Table2.11 Addressing Modes

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

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

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

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

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

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

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

Table2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFO00 to H'FFFFF H'FFFFOO to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

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

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

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

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

/\/

Specified by @aa:8 —= Reserved

Figure2.10 Memory-Indirect Branch Address Specification

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

2.7.2 Effective Address Calculation

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

2.8.1 Overview

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

Processing states F% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

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

% Bus-released state |

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

% Reset state |

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

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure2.11 Processing States
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2.8.2 Program Execution State

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

283 Exception-Handling State

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

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

Table2.14 Exception Handling Typesand Priority

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

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

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

Reset

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure 2.12 Classification of Exception Sources
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Bus request

End of bus release

End of bus

Program execution state>
release

SLEEP
instruction
with SSBY =0

Bus
request

C Bus-released state >

Sleep mode )

Exception
handling source

End of
exception
handling

SLEEP instruction

Interrupt source :
with SSBY = 1

NMI, IRQo, IRQ 1,
O\ or IRQy interrupt

CException-handling statef ESoftware standby mode >

4

RES = "High”

Gardware standby mode B

Power-down state

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

Da

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

Figure 2.13 State Transitions
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2.8.4 Exception-Handling Sequences

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

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

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

\_/—\ \/_\

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

n address

\_/_\ \_/_\

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

Legend
CCR: Condition code register
SP:  Stack pointer

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

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

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

2.8.6 Reset State

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

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

2.8.7 Power-Down State

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

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

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

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

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

29.1 Overview

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

292 On-Chip Memory Access Timing

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

Bus cycle

>

-«— T, state %Tz state —»

: B W A W

Internal address bus X Address X

Internal read signal ‘ \ ‘ /
Internal data bus 1
(read access) 1> < Read data —

Internal write signal ‘ ‘\—/7

Internal data bus : :
(write access) > < _Write data >—

Figure2.15 On-Chip Memory Access Cycle
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. B U U

Address bus X Add‘ress X

AS, RD, HWR, LWR

High imbedance

D15 to Do T

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The databusis 8 or 16 bits wide,
depending on the internal 1/0 register being accessed. Figure 2.17 shows the on-chip supporting
module access timing. Figure 2.18 indicates the pin states.

! Bus cycle

— -
) g

T, state —»<«— T,state —»<— T state —»

M

Address bus Address

Internal read signal

Read

access |
_ Internal write signal \ / !

Write | i ‘

access ! 1

Internal data bus Write déta

Internal data bus :>_< Read data

Figure 2.17 Access Cyclefor On-Chip Supporting Modules
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Address bus >< Address X

High impedance
D15 to Dg

Figure2.18 Pin Statesduring Accessto On-Chip Supporting Modules

294 Accessto External Address Space

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

3.1 Overview

311 Operating M ode Selection

The H8/3029 has six operating modes (modes 1 to 5, 7) that are selected by the mode pins (MD,
to MD,) asindicated in table 3.1. The input at these pins determines the size of the address space
and the initial bus mode.

Table3.1 Operating Mode Selection

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

mode

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

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

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

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

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

The H8/3029 can be used only in modes 1 to 5, 7. The inputs at the mode pins must select one of
these six modes. The inputs at the mode pins must not be changed during operation.

312 Register Configuration

The H8/3029 has a mode control register (MDCR) that indicates the inputs at the mode pins (MD,
to MD,), and a system control register (SY SCR). Table 3.2 summarizes these registers.

Table3.2 Registers

Address* Name Abbreviation R/W Initial Value
H'EEO011 Mode control register MDCR R Undetermined
H'EEO012 System control register SYSCR R/W H'09

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

MDCR is an 8-bit read-only register that indicates the current operating mode of the
H8/3029.

Bit 7 6 5 4 3 2 1 0
[ — ] — ] = ] — |wos2| wmost|woso

Initial value 1 1 0 0 0 —* —* —*

Read/Write — — — — — R R R
Reserved bits Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

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

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

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the logic levels at pins
MD, to MD, (the current operating mode). MDS2 to MDSO correspond to MD, to MD,. MDS2 to
MDSO0 are read-only bits. The mode pin (MD, to MD,) levels are |atched into these bits when
MDCR isread.

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

SY SCRisan 8-hit register that controls the operation of the H8/3029.

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

Software standby output
port enable

Selects the output state

of the address bus

and bus control signals

in software standby mode

NMI edge select
Selects the valid edge
of the NMI input

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

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

Software standby
Enables transition to software standby mode

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

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

Bit 7

SSBY Description

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

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

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

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

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

Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 262,144 states

Waiting time = 1,024 states

S E=1E=1E=)
Rl Rr|O|lO|Rr| kLR O|lO
Rl Oo|lRr| O|R| O|R|lO

lllegal setting

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

Bit 3

UE Description

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

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

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

Bit 2

NMIEG  Description

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

Bit 1

SSOE Description

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

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

signals are fixed high

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized by the rising edge of the RES signal. It isnot initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

34 Operating Mode Descriptions

34.1 Mode 1

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

34.2 Mode 2

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

34.3 Mode 3

Ports 1, 2, 5, and part of port A function as address pins A, to A, permitting access to a
maximum 16-Mbyte address space. Theinitial bus mode after areset is 8 bits, with 8-bit access to
all areas. If at least one areais designated for 16-bit accessin ABWCR, the bus mode switchesto
16 bits. A, to A,, are valid when 0 iswritten in bits 7 to 5 of the bus release control register
(BRCR). (Inthismode A,, is always used for address output.)
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344 Mode 4

Ports 1, 2, 5, and part of port A function as address pins A, to A, permitting access to a
maximum 16-Mbyte address space. Theinitial bus mode after areset is 16 bits, with 16-bit access
to al areas. If al areas are designated for 8-bit accessin ABWCR, the bus mode switchesto

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

345 Mode5

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

3.4.6 Mode 7

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

Products with on-chip flash memory support on-board programming which enables programming
of the flash memory.
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35 Pin Functionsin Each Operating Mode

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

Table3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7
Portl A toA, A to A, A to A, A to A P1,to P1* P1,to P1,
Port2 A,t0A, A oA, A tOA, A tOA, P2, to P2,* P2, to P2,
Port 3 D, to D, D, to D, D, to D, D, to D, D, to D, P3,to P3,
Port4 P4, to P4 D, to D' P4, to P4+ D, to D** P4, to P4 *! P4, to P4,
Port5 A t0A, A t0 A, A t0 A, A t0A, P5, to P5** P5, to P5,
Port6, @*° ¢° ¢° @° @° P6, **°
Port A PA, to PA, PA, to PA, PAeato PA,, PAESto PA,, PA, to PA** PA, to PA,
Ax A

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

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

*2 Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.

*3 Initial state. A, is always an address output pin. PA, to PA, are switched over to A, to
A, output by writing O in bits 7 to 5 of BRCR.

*4 Initial state. PA, to PA, are switched over to A , to A, output by writing 0 in bits 7 to 4 of
BRCR.

*5 Initial state. In modes 1 to 5 @, can be set as P6, by writing 1 to bit 7 in MSTCRH. In
mode 7 P6, can be set to ¢ output by writing 0 to bit 7 in MSTCRH.
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3.6 Memory Map in Each Operating Mode

Figures 3.1 and 3.2 show memory maps of the H8/3029. The address space is divided into eight
areas.

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

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

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

3.6.1 Note on Reserved Areas

The H8/3029 memory map includes reserved areas to which read/write accessis prohibited. Note
that normal operation is not guaranteed if the following reserved areas are accessed.

* Thereserved areain the internal 1/0 register space.

The H8/3029 internal 1/0 register space includes a reserved areato which accessis prohibited.
For details see appendix B, Internal 1/0 Registers.
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Modes 1 and 2 Modes 3 and 4

-Mbyte expanded modes wit -Mbyte expanded modes wit
1-Mb ded d ith 16-Mb ded d ith
on-chip ROM disabled) on-chip ROM disabled)
H00000 Vector area 3 F000000 Vector area o
_____________ Sn|& fceeeceeeee-d | Q0 | 2
22|32 2812
S= |9 TS5
HOOOFF |----=-=-=-~- 1251238 H'0000FF |------------1 12528
22|28 £e|s 3
o S = o S =
£5 123 £2 183
[CRERS S la®
HO7TFFF| | =28y HOO7FFF | ___ .| =Sy .
HIFFFF| | Areal Area 0
H'20000 Hi1FFFFF | __ | ______
H3FFFF| | Areal H'200000
H'40000
A N | Area2 Area 1
H'60000 | External address | araq 3 H3FFFFF(
H7FFFF | ___space ___|""""°% H'400000
H'80000
HOFFFF| . .___L Aread Area 2
H'A0000 H'SFFFFF
. Area 5 00000 T
HBFFFF| LTI H'600000 External
:82'0:('):('): Area 6 address Area 3
HE0000 | T T T T ai s H7rrRFR | SPA%e | .
Area 7 H'800000
H'EE000
Intgrnal 1/10 Area 4
HEeore| "edisters () HOFFFFF| ...l . ...
External address H'A00000
space
H'F8000 |----- pace Area 5
HEBFLF R HG00000 [ 77777
on-chipRAM*| & |&
H'EEFOO |- == -=-=-----1 - < ) Area 6
g % HIDFFFFF _______________________
H:EEE%S g @ H'E00000
Internal /O % _g H'EEE000 Area 7
. registers (2) é % Internal I/0
H'FFFE a ° registers (1
HFFFEA| External s |5 H'FEEOFF 9 @
address 9 © External address
H'FFFFF space R A H'FF8000 [ SPace ___| _________
HFFBF1F
H'FFBF20
On-chip RAM* [ & 8
(2]
H'FFFFOO [F========-"~1 Te |8
H'FFFF1F s |3
H'FFFF20 K] ©
Internal I/0O @ ]
registers (2) E %
H'FFFFEQ 2 |2
' Q
HFFFFEA External © :
address 5 |2
H'EFFFFE space L A

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

Figure 3.1(1) H8/3029 Memory Map in Each Operating Mode (EMC =1)
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Mode 5
(16-Mbyte expanded mode with
on-chip ROM enabled)

Mode 7
(single-chip advanced mode)

H'000000 Oy H'00000 1§ -1~
Vector area 00000 Vector area

H'0000FF |_______._____] A2 H'000FF L ___________] AR

Memory-indirect
branch addresses
addresses

@]

=}

S

=

e

]

o

<
Memory-indirect
branch addresses

HOO7FFF |- o oo 22X HO7FFF |- ceeeeeeeo 22 Y

HO7FFFF
tapererl | Area0 HTFFFF
H'200000

H'3FFFFF
H'400000
HSFFFFF Lo
H'600000 [ External address
H'7FFFFF|____space |7 """~
H'800000

H'9FFFFF
H'A00000
HBFFFFF____________1__"-° ___

H'C00000 H'EE000
HDFFFFF .. _.__._.._] Areab Internal 110
H'E00000 Area 7 registers (1)

H'EEOFF

HFEEO00[ | ernal /O H'F8000 -------==--------=-4---

registers (1)

H'FEEOFF '
External address HFBF20 On-chip RAM

H'FF8000 spacex2 H'FFFOO |- -----------1 -

H'FFBF1F H'FFF1F
H'FFBF20 (on-chip RAM*1 H'FFF20

H'FFFFO0

H'FFFF1F
H'FFFF20 | |nternal 110

registers (2)

registers(2)

H'FFFEQ

%]
Q
n
1%
o
o
kel
@
Internal 1/O )
=
o
[0}
o
5]
2
oo}

H'FFFFEQ

H'FFFFEA HFFFFF

External
address
space
HFFFFFFL 1Y ____¥—_

Note: *1 External addresses can be accessed by disabling on-chip RAM.
*2 User cannot use the address area from H'FF7000 to H'FF7FFF in 16-Mbyte address
mode because this address area (H'FF7000 to H'FF7FFF ) is used by the E10T.

Figure3.1(2) H8/3029 Memory Map in Each Operating Mode (EMC = 1)
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Modes 1 and 2

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

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'EE000

H'EEOFF

H'F8000

H'FBEDF
H'FBEEO

H'FFE7F
H'FFE8D

H'FFEFF
H'FFFO0

HFFF7F
H'FFF80

H'FFFDF
H'FFFEQ

H'FFFFF

v
Vector area 58 e
-------------- 29|32
= [}
TS5 %]
£3 (8¢
-------------- L8 |58
o5 |a=
E2 |88
[T R=r
=]
Area 0
Areal
Area 2
| “External address” | area 3
| ____space ____| Areas
Area 4
Area 5
Area 6
Area 7
Internal I/0
registers (1)
External address
______ space ____ [ _________
3
On-chip RAM* 2
Q
s
Internal 1/0 @
registers (2) %
©
External address 2
space [
-- Q@ =
= <
On-chip RAM* 2319
< q
Internal /0 = g
; o
registers (3) >3

Modes 3 and 4

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

H'000000

H'0000FF

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
HE00000

H'FEE000

H'FEEOFF

H'FF8000

H'FFBEDF
H'FFBEEO

H'FFFE7F
H'FFFE80

H'FFFEFF
H'FFFF00

H'FFFF7F
H'FFFF80

H'FFFFDF
H'FFFFEO

H'FFFFFF

[%]
[}
Vector area g § L
""""""" S0 (9
S5 |80
.............. 15T |®§
oS lge
oG T O
55|97
=r-5 N
Area 0
Area 1
Area 2
External address Area 3
space
Area 4
Area 5
Area 6
Area 7
Internal 1/0O
registers (1)
External address
L._._Space ___ _ ________
hi * 3
On-chip RAM s
o
) =}
Internal 1/0 o ]
registers (2) @ 1)
- = =
External address % 2
space ° 2
_ 2 |2
On-chip RAM* @ ©
Q —
<
Internal 1/0O E
registers (3) @

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

Figure3.2(1) H8/3029 Memory Map in Each Operating Mode (EMC
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Mode 5 Mode 7
(16-Mbyte expanded mode with (single-chip advanced mode)
on-chip ROM enabled)

H'000000 H'00000 o
Vector area 5 § 2 Vector area 52 1a
.............. o0 |2 boemeeeee - 0812
55|23 25 2¢
H'0000FF | ... 1E2 |88 H'000FF | ... 152|182
ST | oo 2c |20
i SG |33 . S§ |55
On-chip ROM g § et On-chip ROM % § 63
HOO7FFF | .| =5y _ HO7FFF | ... 28y __
H'07FFFF
H'080000
Area 0 H'7FFFF
HA1FFFFF [ |
H'200000
Area 1
H3FFFFF [ L.
H'400000
External address | areq 2
space
HSFFFFF [ L.
H'600000
Area 3
H7FFFFF [ .
H'800000 H'EE000
Area 4 Internal I/0O
P registers (1)
L e H'EEOFF
Area 5 H'F8000 ~~~ -~ tometooee- T
HBFFFFF [ L. i
H'C00000 H'FBEEO ' 9
")
Area 6 On-chip RAM*1 2
HDFFFFF| __ ... . . e
H'E00000 H'FFE7F ' ®
Area 7 H'FFES0 Internal 1/O ! %
, registers (2) =
H'FEE000 ' '3
Internal 1/0 HFFEFF | -(%
registers (1) H'FFF80 TE =
HFEEOFF hi |l 302
External ad(ziress On-chip RAM 2 19
'FF8000 |---- PR L H'EFFDF 8@
H'FF8000 H'FFFEO Internal /O = g !
, registers (3) =}
HERRERS . SR
On-chip RAM*1 2
4
H'FFFE7F o |3
H'FFFE80 Internal 1/0 @ <
registers (2) a2 ]
H'FFFEFF +£ |3
HFFFFOO | External address| | g 3
space ° 2
H'FFFF7F 5 |z
HFFFF80 | o chipramt || 8 | &
) —
H'FFFFDF =
H'FFFFEO Internal 110 2
registers (3) ©

HFFFFFFL———— — 11 Y. .

Note: *1 This area becomes external address space when on-chip RAM is disabled.
*2 User cannot use the address area from H'FF7000 to H'FF7FFF in 16-Mbyte address
mode because this address area (H'FF7000 to H'FF7FFF ) is used by the E10T.

Figure 3.2(2) H8/3029 Memory Map in Each Operating Mode (EMC = 0)
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Section 4 Exception Handling

4.1 Overview

411 Exception Handling Typesand Priority

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

Table4.1  Exception Typesand Priority

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

instruction or handling of the current exception is completed

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

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

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

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

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

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

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

Figure4.1 Exception Sources
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Table4.2 Exception Vector Table

Exception Source

Vector Number

Vector Address*!

Advanced Mode

Normal Mode*®

H'0000 to H'0003

H'0000 to H'0001

H'0004 to H'0007

H'0002 to H'0003

H'0008 to H'000B

H'0004 to H'0005

H'000C to H'000F

H'0006 to H'0007

H'0010 to H'0013

H'0008 to H'0009

H'0014 to H'0017

H'000A to H'000B

H'0018 to H'001B

H'000C to H'000D

H'001C to H'001F

H'000E to H'000F

H'0020 to H'0023

H'0010 to H'0011

H'0024 to H'0027

H'0012 to H'0013

H'0028 to H'002B

H'0014 to H'0015

H'002C to H'002F

H'0016 to H'0017

H'0030 to H'0033

H'0018 to H'0019

H'0034 to H'0037

H'001A to H'001B

H'0038 to H'003B

H'001C to H'001D

H'003C to H'003F

H'001E to H'0O01F

H'0040 to H'0043

H'0020 to H'0021

H'0044 to H'0047

H'0022 to H'0023

H'0048 to H'004B

H'0024 to H'0025

H'004C to H'004F

H'0026 to H'0027

Reset 0
Reserved for system use 1
2
3
4
5
6
External interrupt (NMI) 7
Trap instruction (4 sources) 8
9
10
11
External interrupt IRQ, 12
External interrupt IRQ, 13
External interrupt IRQ, 14
External interrupt IRQ, 15
External interrupt IRQ, 16
External interrupt IRQ, 17
Reserved for system use 18
19
Internal interrupts*? 20
to
63

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

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

Notes: *1 Lower 16 bits of the address.

*2 For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
*3 Cannot be selected in H8/3029.
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4.2 Reset

421 Overview

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

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

422 Reset Sequence

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

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

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

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

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

Note: The normal mode cannot be selected in the H8/3029

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

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

Vector fetch processing Prefetch of first

program instruction

Address bus >< D >< 3 >< 5 ><
w® 1 = 1
HWR, LWR High

D5 to Dy (2 4 : (6)

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

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

(6) First instruction of program

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

Figure4.3 Reset Sequence (Modes 2 and 4)

423 Interrupts after Reset

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

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

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

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

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

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, to IRQ; (6)
Interrupts WDT*! (1)
DRAM interface*2 (1)
16-bit timer (9)
8-bit timer (8)
DMAC (4)
SCI (12)
A/D converter (1)

Internal interrupts

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

Figure4.4 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

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

Stack Status after Exception Handling

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

SP—4
sP-3
SP—2
SsP—1
SP (ER7) -

SP—4
SP-3
SP-2
SP-1
SP (ER7) -

Legend
PCE:
PCH:
PCL:
CCR:
SP:

\\\\__-—’/////”‘_“‘\\

Stack area

\\\‘___”/////”'_“\\\

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

\\\\__-—’/////”‘_“‘\\

CCR

CCR*2

PChx

PC |

\\\\~_-///////”'_“\\\

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

a. Normal mode*?

\\\\__-—’/////”‘_“‘\\

Stack area

\\\‘___”/////”'_“\\\

SP (ER7) —
SP+1
SP+2
SP+3
SP+4

\\\\__-—’/////”‘_“‘\\

CCR
PCE
PC y
PC |

\\\\~_-///////”'_“\\\

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

b. Advanced mode

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

Stack pointer

Notes: *1 Cannot be selected in H8/3029
*2 Ignored at return.
1. PCindicates the address of the first instruction that will be executed after return.
2. Registers must be saved in word or longword size at even addresses.

Even address

Even address

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

When accessing word data or longword data, the H8/3029 regards the lowest address bit as 0. The
stack should always be accessed by word access or longword access, and the value of the stack
pointer (SP, ER7) should aways be kept even.

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

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

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

CCR SsP—= R1L HFFFEFA

sP—= HFFFEFB
I PC | I PC | HErrERC
HFFFEFD

77777777777777777777777777777777777777 HFFFEFF

TRAPA instruction executed
_—

MOV. B R1L, @-ER7

_— >

SP set to H'FFFEFF Data saved above SP CCR contents lost

Legend

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: The diagram illustrates modes 3 and 4.

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

51 Overview

511 Features
The interrupt controller has the following features:

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

e Threelevel masking by the | and Ul bitsin the CPU condition code register (CCR)

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

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

Figure 5.1 shows a block diagram of the interrupt controller.

CPU

ul

| ISCR| | IER | | IPRA, IPRB |
NMI N
input
y /

: .| [RQ input -

IRQ input section ISR
Interrupt
OVF - Priority request
TME decision logic
. Vector
) > number
TEI : a
TEIE i ?
Interrupt controller ( L
UE
SYSCR

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

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

CCR

Figure5.1 Interrupt Controller Block Diagram
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5.1.3 Pin Configuration
Table 5.1 liststhe interrupt pins.

Table5.1 Interrupt Pins

Name Abbreviation /O Function

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

External interrupt request 5to 0 IRQ, to IRQ

5 0

Input Maskable interrupts, falling edge or level
sensing selectable

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

514 Register Configuration

Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address*'  Name Abbreviation R/W Initial Value
H'EE012 System control register SYSCR R/W H'09
H'EE014 IRQ sense control register ISCR R/W H'00
H'EE015 IRQ enable register IER R/W H'00
H'EE016 IRQ status register ISR R/(W)*? H'00
H'EE018 Interrupt priority register A IPRA R/W H'00
H'EE019 Interrupt priority register B IPRB R/W H'00

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

521 System Control Register (SYSCR)

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

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

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

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

Initial value 0 0 0 0 1 0 0 1

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

Software standby
output port enable

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

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

Bit 3

UE Description

0 Ul bit in CCR is used as interrupt mask bit

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

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

Bit 2

NMIEG  Description

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

5.2.2 Interrupt Priority Registers A and B (IPRA, I1PRB)

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

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

Priority level A2

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

Priority level A3

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

Priority level A4

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

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

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQ g interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7Y): Selects the priority level of IRQ, interrupt requests.

Bit 7

IPRAY Description

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

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

Bit 6

IPRAG6 Description

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

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

Bit 5

IPRAS Description

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

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

Bit 4

IPRA4 Description

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

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

(high priority)

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

Bit 2

IPRA2 Description

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

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

Bit 1

IPRA1 Description

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

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

Bit 0

IPRAO Description

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

Bit 7 6 5 4 3 2 1 0

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

Reserved bit

Priority level B1

Selects the priority level
of SCI channel 2 interrupt
requests

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

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

Reserved bit

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

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

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

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selects the priority level of 8-bit timer channel 0, 1 interrupt
requests.

Bit 7

IPRB7 Description

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

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

Bit 6

IPRB6 Description

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

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

Bit 5

IPRB5 Description

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

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

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

Bit 3

IPRB3 Description

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

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

Bit 2

IPRB2 Description

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

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

Bit 1

IPRB1 Description

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

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

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

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/(Wy  R/(WYy R/(Wy R/(Wy R/(Wy R/(W)y
Reserved bits IRQ5 to IRQq flags

These bits indicate IRQg to IRQ
interrupt request status

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

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

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

Bits 5to 0

IRQ5F to IRQOF Description

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

1 [Setting conditions]

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

Note: n=5to0
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524  IRQ Enable Register (IER)

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

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0

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

Reserved bits IRQ;5 to IRQ, enable
These bits enable or disable IRQ 5 to IRQ interrupts

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

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

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

Bits 5to 0

IRQ5E to IRQOE Description

0 IRQ, to IRQ, interrupts are disabled (Initial value)
1 IRQ, to IRQ, interrupts are enabled
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5.25 IRQ Sense Control Register (ISCR)

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

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQBSC‘ IRQ4SC‘ IRQ3SC ‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0

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

Reserved bits IRQ 5 to IRQ, sense control
These hits select level sensing or falling-edge
sensing for IRQ 5 to IRQ g interrupts

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

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

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

Bits 5to 0

IRQ5SC to IRQOSC Description

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

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

531 External Interrupts

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

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

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

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

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

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

* The status of IRQ, to IRQ; interrupt requestsisindicated in ISR. The ISR flags can be cleared
to 0 by software.

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

IRQNSC IRQNE
l IRQNF
Edgel/level - s Q IRQn interrupt
sense circuit request
. R
IRQnN input f
Clear signal

Note: n=5t00

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

¢

IRQnN
input pin

IRQNF

Note:n=5to0 0

Figure5.3 Timing of Setting of IRQNF

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

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

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

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

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

533 Interrupt Vector Table

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

Interrupt Sources, Vector Addresses, and Priority

Vector Address*?!

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode*? IPR Priority
NMI External 7 H'001C to H'O01F H'0O00E to H'O00F — High
IRQ, pins 12 H'0030 to H'0033 H'0018 to H'0019 IPRA7 A
IRQ, 13 H'0034 to HO037 H'001A to H'001B IPRA6
IRQ, 14 H'0038 to H'003B H'001C to H'001D IPRA5
IRQ, 15 H'003C to H'003F H'001E to H'001F
IRQ, 16 H'0040 to H'0043 H'0020 to H'0021 IPRA4
IRQ; 17 H'0044 to H'0047 H'0022 to H'0023
Reserved — 18 H'0048 to H'004B H'0024 to H'0025

19 H'004C to H'004F H'0026 to H'0027
WOVI Watchdog 20 H'0050 to H'0053 H'0028 to H'0029 IPRA3
(interval timer) timer
CMI DRAM 21 H'0054 to H'0057 H'002A to H'002B
(compare match) interface
Reserved — 22 H'0058 to H'005B H'002C to H'002D
ADI (A/D end) A/D 23 H'005C to H'005F H'002E to H'002F
IMIAO 16-bit timer 24 H'0060 to H'0063 H'0030 to H'0031 IPRA2
(compare match/  channel O
input capture AO)
IMIBO 25 H'0064 to H'0067 H'0032 to H'0033
(compare match/
input capture BO)
OVIO (overflow 0) 26 H'0068 to H'006B H'0034 to H'0035
Reserved — 27 H'006C to H'006F H'0036 to H'0037
IMIAL 16-bit timer 28 H'0070 to H'0073 H'0038 to H'0039 IPRA1
(compare match/  channel 1
inputcapture Al)
IMIB1 29 H'0074 to H'0077 H'003A to H'003B
(compare match/
input capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B H'003C to H'003D
Reserved — 31 H'007C to H'007F H'003E to H'003F Low
Notes: *1 Lower 16 bits of the address.

*2 Cannot be selected in H8/3029.
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Vector Address*?!

Vector
Interrupt Source  Origin Number Advanced Mode Normal Mode*? IPR Priority
IMIA2 16-bit timer 32 H'0080 to H'0083 H'0040 to H'0041 IPRAO High
(compare match/  channel 2 A
input capture A2)
IMIB2 33 H'0084 to H'0087 H'0042 to H'0043
(compare match/
input capture B2)
OVI2 (overflow 2) 34 H'0088 to H'008B H'0044 to H'0045
Reserved — 35 H'008C to H'008F H'0046 to H'0047
CMIAO 8-bittimer 36 H'0090 to H'0093 H'0048 to H'0049 IPRBY
(compare match  channel 0/1
A0)
CMIBO 37 H'0094 to H'0097 H'004A to H'004B
(compare match
BO)
CMIAl/CMIB1 38 H'0098 to H'009B H'004C to H'004D
(compare match
A1/B1)
TOVIO/TOVI1 39 H'009C to H'009F H'004E to H'004F
(overflow 0/1)
CMIA2 8-bit timer 40 H'00AO0 to H'00A3 H'0050 to H'0051 IPRB6
(compare match  channel 2/3
A2)
CMIB2 41 H'00A4 to H'00A7 H'0052 to H'0053
(compare match
B2)
CMIA3/CMIB3 42 H'00A8 to H'00AB H'0054 to H'0055
(compare match
A3/B3)
TOVI2/TOVI3 43 H'00AC to H'00OAF H'0056 to H'0057
(overflow 2/3)
DENDOA DMAC 44 H'00BO to H'00B3 H'0058 to H'0059 IPRB5
DENDOB 45 H'00B4 to H'00B7 H'005A to H'005B
DEND1A 46 H'00B8 to H'00BB H'005C to H'005D
DEND1B a7 H'00BC to H'00BF H'005E to H'005F
Reserved — 48 H'00CO0 to H'00C3 H'0060 to H'0061 —

49 H'00C4 to H'00C7 H'0062 to H'0063

50 H'00C8 to H'00CB H'0064 to H'0065

51 H'00CC to H'00CF H'0066 to H'0067 Low
Notes: *1 Lower 16 bits of the address.

*2 Cannot be selected in H8/3029.
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Vector Address*?!

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode*? IPR Priority
ERIO SCI 52 H'00DO0 to H'0O0D3 H'0068 to H'0069 IPRB3 High
(receive error 0) channel 0 A
RXIO (receive 53 H'00D4 to H'00D7 H'006A to H'006B
data full 0)
TXIO (transmit 54 H'00D8 to H'00DB H'006C to H'006D
data empty 0)
TEIO 55 H'00DC to H'00DF H'006E to H'006F
(transmit end 0)
ERI1 SCI 56 H'00EO to H'OOE3 H'0070 to H'0071 IPRB2
(receive error 1)  channel 1
RXI1 (receive 57 H'00E4 to H'OOE7 H'0072 to H'0073
data full 1)
TXI1 (transmit 58 H'00E8 to H'O0EB H'0074 to H'0075
data empty 1)
TEI1 (transmit 59 H'00EC to H'00EF H'0076 to H'0077
end 1)
ERI2 SCl 60 H'00F0 to H'O0F3 H'0078 to H'0079 IPRB1
(receive error 2)  channel 2
RXI2 (receive 61 H'00F4 to H'0OOF7 H'007A to H'007B
data full 2)
TXI2 (transmit 62 H'00F8 to H'00OFB H'007C to H'007D
data empty 2)
TEI2 (transmit 63 H'00FC to H'0OOFF H'007E to H'007F
end 2) Low

Notes:

*1 Lower 16 bits of the address.
*2 Cannot be selected in H8/3029.
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54 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3029 handles interrupts differently depending on the setting of the UE bit. When UE =1,
interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and Ul bits.
Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, I, and Ul
bits.

NMI interrupts are always accepted except in the reset and hardware standby states*. IRQ
interrupts and interrupts from the on-chip supporting modules have their own enable bits.
Interrupt requests are ignored when the enable bits are cleared to 0.

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

Table5.4 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE | ul Description

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

— No interrupts are accepted except NMI.

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

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

No interrupts are accepted except NMI.

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

Rev. 2.0, 06/04, page 104 of 980
RENESAS



1

Program execution state

5

No
Interrupt requested?

Yes NO
@ Y

Yes
Yes Yes
No
1=0
_ | Yes

/
| Save PC and CCR |
Y
| |
Y

| Read vector address |

v

Branch to interrupt
service routine

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

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

The interrupt controller checksthe | bit. If the | bit is cleared to 0, the selected interrupt
reguest is accepted. If the | bitisset to 1, only NMI is accepted; other interrupt requests are
held pending.

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

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

Next thel bitissetto 1 in CCR, masking al interrupts except NMI.

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

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

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

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

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

a If 1 =0, al interrupts are unmasked (priority order: NMI > IRQ, > IRQ, >IRQ, ...).
b. If I =1and Ul =0, only NMI, IRQ,, and IRQ, are unmasked.
c. If I=21and Ul =1, al interrupts are masked except NMI.

Rev. 2.0, 06/04, page 106 of 980

RENESAS



Figure 5.5 shows the transitions among the above states.

| <0
a. All interrupts are - | <1 Ul <0 b. Only NMI, IRQ,, and
unmasked ’ - IRQ3 are unmasked

Exception handling,
orl «1,Ul «1

Ul <0

c. Allinterrupts are
masked except NMI

Exception handling,
orUl <1

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

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

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

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

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

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

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

e The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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Figure5.6 ProcessUp to Interrupt Acceptance when UE =0
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Interrupt Sequence

54.2

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

external memory area accessed in two states via a 16-bit bus.
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Figure5.7 Interrupt Sequence
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54.3 Interrupt Response Time

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

Table55 Interrupt Response Time

External Memory

On-Chip 8-Bit Bus 16-Bit Bus
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority 2%t 2%t 2%t 2+t 2+t
decision
2 Maximum number 1t023*°  1to27***° 1to41***° 1to23*° 1 to 25***°
of states until end of
current instruction
3 Saving PCand CCR 4 8 12*+* 4 6**
to stack
4 Vector fetch 4 8 12*° 4 6**
5 Instruction prefetch** 4 8 12*+* 4 6**
6 Internal processing*® 4 4 4 4 4
Total 19to 41 31to 57 43 to 83 19to 41 2510 49

Notes: *1 1 state for internal interrupts.

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

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

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

551 Contention between Interrupt and Interrupt-Disabling Instruction

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

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

TISRA write cycle by CPU IMIA exception handling

[ -t
- ——

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

Internal !
write signal | |

IMIEA

-

IMFA interrupt
signal ‘

Figure5.8 Contention between Interrupt and Interrupt-Disabling I nstruction

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flag iscleared to 0.
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55.2 Instructionsthat Inhibit Interrupts

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

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

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

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

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

6.1 Overview

The H8/3029 has an on-chip bus controller (BSC) that manages the external address space divided
into eight areas. The bus specifications, such as bus width and number of access states, can be set
independently for each area, enabling multiple memories to be connected easily.

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

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

* Manages external address space in area units

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

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

Ooo0Oo0ood

Ooo0Oooood
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e ldlecycleinsertion
O Anidlecycle can beinserted in case of an external read cycle between different areas

O Anidlecycle can beinserted when an external read cycleisimmediately followed by an
external write cycle

¢ Busarbitration function

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

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

Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CSoto CS7 A
ABWCR
ASTCR
BcR K
Internal address bus dAreg CSCR |- -~ Internal signals - - -,
ecoder .
Chip select ADRCR |~ Bus mode control signali
control signals ' . . !
Bus control — Bus size control signal !
circuit || Access state control signal!
& —»i_Wait request signal |
O| b= 1
— c
]
©
©
£
Wait state 3]
_ controller £
WAIT N
WCRH
— T
WCRL _
(———--- Internal signals - - - ----- .
1 .
1 CPU bus request signal . BRCR k—
I DMAC bus request signal :
1 DRAM interface bus request signal | )
I CPU bus acknowledge signal i Bus arbiter
1 DMAC bus acknowledge signal i
i : .
L DRAM interface bus acknowledge signall
ACK
—— BREQ
DRAM interface
L
DRAM control < DRCRA K__ >
DRCRB A4
RTMCSR
RTCNT
Legend RTCOR

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

BRC
CsC

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

DRCRA : DRAM control register A
DRCRB : DRAM control register B
CSR : Refresh timer control/status register
RTCNT : Refresh timer counter
RTCOR : Refresh time constant register
ADRCR : Address control register

RTM

BCR

: Bus control register

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

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

Table6.1 BusController Pins

Name Abbreviation 1/0 Function

Chip select0to 7  CS,to CS, Output Strobe signals selecting areas 0 to 7

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

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

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

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

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

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

Bus acknowledge = BACK Output Acknowledge signal indicating release of the

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

Table6.2 BusController Registers

Address**  Name Abbreviation R/W Initial Value
H'EE020 Bus width control register ABWCR R/W H'FF*?
H'EE021 Access state control register ASTCR R/W H'FF
H'EE022 Wait control register H WCRH R/W H'FF
H'EE023 Wait control register L WCRL R/W H'FF
H'EE013 Bus release control register BRCR R/W H'FE*®
H'EEO1F Chip select control register CSCR R/W H'OF
H'EEO1E Address control register ADRCR R/W H'FF
H'EE024 Bus control register BCR R/W H'C6
H'EE026 DRAM control register A DRCRA R/W H'10
H'EE027 DRAM control register B DRCRB R/W H'08
H'EE028 Refresh timer control/status register RTMCSR R(W)**  H'07
H'EE029 Refresh timer counter RTCNT R/W H'00
H'EEO2A Refresh time constant register RTCOR R/W H'FF

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

6.2.1 BusWidth Control Register (ABWCR)

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

Bit 7 6 5 4 3 2 1 0

\ ABW7 \ ABW6 \ ABWS5 \ ABW4 \ ABW3 \ ABW?2 \ ABW1 \ ABWO \
'1/303“,'955’ {Initialvalue 1 1 1 1 1 1 1 1
and 7 Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Modes {Initialvalue 0 0 0 0 0 0 0 0
2and4 | poad/Write RIW RW  RW RW  RW  RW RW  RMW

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

Bits7to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0): These bits select 8-bit access
or 16-bit access for the corresponding areas.

Bits 7to 0

ABW?7 to ABWO Description

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

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

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

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

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

Bits selecting number of states for access to each area

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits7to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding areais accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

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

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

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

6.2.3 Wait Control RegistersH and L (WCRH, WCRL)

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

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

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

initialized in software standby mode.
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WCRH

Bit 7 6 5 4 3 2 1 0
| W71 | W70 | W61 | W60 | W51 | W50 | w41 | W40 |

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

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

Bit 7 Bit 6
w71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

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

Bit 5 Bit 4
w61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of
program wait states when area 5 in external space is accessed while the AST5 bit in ASTCR is set
to 1.
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Bit 3 Bit 2
w51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

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

to 1.
Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
WCRL
Bit 6 5 4 3 2 1 0
W31 W30 w21 W20 W11 W10 Wo1 W00
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

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

to 1.
Bit 7 Bit 6
w31l W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

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

Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)

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

Bit 3 Bit 2
w11l w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, WO00): These bits select the number of
program wait states when area 0 in external space is accessed while the ASTO bitin ASTCR is set
to 1.

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

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

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

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

ﬂozdyes {Initial value 1 1 1 1 1 1 1 0
and 7 Read/Write — — — — — — — R/W
Modes {Initial value 1 1 1 0 1 1 1 0
3and4 | Read/Write RW ~ RW  RW — — — — RIW

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

Reserved bits

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

to an external device

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

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

Bit 7

A23E Description

0 PA, is the A,, address output pin

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

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

Bit 6

A22E Description

0 PA, is the A,, address output pin

1 PA, is an input/output pin (Initial value)
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Bit 5—Address 21 Enable (A21E): Enables PA, to be used asthe A, address output pin.
Writing 0 in this bit enables A,, output from PA,. In modes other than 3, 4, and 5, this bit cannot
be modified and PA, hasits ordinary port functions.

Bit 5

A21E Description

0 PA, is the A, address output pin

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

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

Bit 4

A20E Description

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

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

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

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

6.2.5 Bus Control Register (BCR)

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

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

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

BCRisinitialized to H'C6 by areset and in hardware standby mode. Itisnot initialized in
software standby mode.
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Bit 7—Ildle CycleInsertion 1 (ICIS1): Selects whether oneidle cycle stateis to be inserted
between bus cycles in case of consecutive external read cycles for different areas.

Bit 7

ICIS1 Description

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

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

Bit 6—Idle Cycle Insertion O (1CI1S0): Selects whether one idle cycle stateis to be inserted
between bus cycles in case of consecutive external read and write cycles.

Bit 6

ICISO Description

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

(Initial value)

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

Bit 5

BROME Description

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

Bit 4—Burst Cycle Select 1 (BRSTSL1): Selects the number of burst cycle states for the burst
ROM interface.

Bit 4

BRSTS1 Description

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

Bit 3

BRSTSO Description

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

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

Ad)

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

Bit 2

EMC Description

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

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

Each Operating Mode

(Initial value)

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

Mode 1 or 2

Mode 3 or 4

Mode 5

Mode 7
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(EMC bit = 1)
H'FDEEO to HFDF1F
H'FFESO to H'FFEDF
H'FFEEO to H'FFF1F

H'FFDEEO to H'FFDF1F
H'FFFESO to HFFFEDF
H'FFFEEO to H'FFFF1F

H'FFDEEO to H'FFDF1F
H'FFFESO to HFFFEDF
H'FFFEEO to H'FFFF1F

H'FDEEO to H'FDF1F

H'FFE80 to H'FFEDF
H'FFEEO to H'FFF1F
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(EMC bit = 0)
H'FBEEO to H'FBF1F
H'FFF80 to HFFFDF
H'FDEEO to HFDF1F

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

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

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



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

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

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

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

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

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

Bit O

WAITE Description

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

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

CSCR is an 8-hit readable/writable register that enables or disables output of chip select signals
(CS, 10 CS)).

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

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

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

These bits enable or disable
chip select signal output

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

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

Bit n

CSnE Description

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

Note: n=7to4

Bits 3 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.
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6.2.7 DRAM Control Register A (DRCRA)
Bit 7 6 5 4 3 2 1 0
DRAS2 | DRAS1 | DRASO — BE RDM SRFMD | RFSHE
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

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

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

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

Description
Bit7 Bit6 Bit5
DRAS2 DRAS1 DRASO Area5 Area 4 Area 3 Area 2
0 0 0 Normal Normal Normal Normal
1 Normal Normal Normal DRAM space
(CS)
1 0 Normal Normal DRAM space DRAM space
(CS) (CS)
1 Normal Normal DRAM space DRAM space
(CS)” (CS)”
1 0 0 Normal DRAM space DRAM space DRAM space
(CS) (CS)) (CS)
1 DRAM space DRAM space DRAM space DRAM space
(CS) (CS) (s) (CS)
1 0 DRAM space DRAM space DRAM space DRAM space
(CS)* (CS)* (CS)” (CS)”
1 DRAM space DRAM space DRAM space DRAM space
(CS)” (CS)” (CS)” (CS)”

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

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

RTMCSR to clear theflag.
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When an arbitrary value has been set in DRAS2 to DRASO, awrite of a different value other than
000 must not be performed.

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

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

Bit 3

BE Description

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

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

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

Bit 2

RDM Description

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

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

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

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

Bit 1

SRFMD Description

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

Bit 0

RFSHE Description

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

1 RFSH pin refresh signal output enabled

6.2.8 DRAM Control Register B (DRCRB)

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

Initial value 0 0 0 0 1 0 0 0

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

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

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

The settingsin thisregister are invalid when bits DRAS2 to DRASO in DRCRA are dl 0.

Bits 7 and 6—Multiplex Control 1 and 0 (M XC1, M XCO0): These bits select the row
address/column address multiplexing method used on the DRAM interface. In burst operation,
the row address used for comparison is determined by the setting of these bits and the bus width of
the relevant area set in ABWCR.
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Bit 7 Bit 6
MXC1 MXCO Description

0 0 Column address: 8 bits
Compared address:
Modes 1, 2 8-bit access space A to A,
16-bit access space A to A,
Modes 3, 4, 5 8-bit access space A to A,
16-bit access space A to A,
1 Column address: 9 bits
Compared address:
Modes 1, 2 8-bit access space A to A,
16-bit access space A oA,
Modes 3, 4, 5 8-bit access space A to A,
16-bit access space A toA,
1 0 Column address: 10 bits
Compared address:
Modes 1, 2 8-bit access space A t0A,
16-bit access space A oA,
Modes 3, 4, 5 8-bit access space A t0A,
16-bit access space A toA,
1 lllegal setting

Bit 5—CAS Output Pin Select (CSEL): Selectsthe UCAS and LCAS output pinswhen areas 2

to 5 are designated as DRAM space.

Bit 5

CSEL Description

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

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

inserted regardless of the setting of this bit.

Bit 4

RCYCE Description

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

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

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

Bit 2

TPC Description

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

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

Bit 1

RCW Description

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

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

Bit 0

RLW Description

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

6.2.9 Refresh Timer Control/Status Register (RTMCSR)

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

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

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

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

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

When RTCNT = RTCOR

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disablesthe CMI interrupt
requested when the CMF flag isset to 1in RTMCSR. The CMIE bit is always cleared to 0 when
any of areas 2 to 5isdesignated as DRAM space.

Bit 6

CMIE Description

0 The CMI interrupt requested by CMF is disabled (Initial value)
1 The CMI interrupt requested by CMF is enabled

Bits5to 3—Refresh Counter Clock Select (CKS2 to CK S0): These bits select the clock to be
input to RTCNT from among 7 clocks obtained by dividing the system clock (¢). When the input
clock is selected with bits CKS2 to CKS0, RTCNT begins counting up.

Bit5 Bit4 Bit3
CKS2 CKS1 CKSO Description

0 0 0 Count operation halted (Initial value)
1 @2 used as counter clock
1 0 @8 used as counter clock
1 @32 used as counter clock
1 0 0 @128 used as counter clock
1 @512 used as counter clock
1 0 @2048 used as counter clock
1 @4096 used as counter clock

Bits 2 to 0—Reserved: These bits cannot be modified and are awaysread as 1.
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6.2.10 Refresh Timer Counter (RTCNT)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT isan 8-bit readable/writable up-counter.

RTCNT isincremented by an internal clock selected by bits CKS2 to CKS0 in RTMCSR. When
RTCNT matches RTCOR (compare match), the CMF flag in RTMCSR isset to 1 and RTCNT is
cleared to H'00. If the RCYCE bitin DRCRB is set to 1 at thistime, arefresh cycleis started.
Also, if the CMIE bitin RTMCSR is set to 1, acompare match interrupt (CMI) is generated.

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

6.2.11 Refresh Time Constant Register (RTCOR)

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR is an 8-bit readable/writable register that determines the interval at which RTCNT is
cleared.

RTCOR and RTCNT are constantly compared. When their values match, th