To our customers,
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12.

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.

H8S/2258, H8S/2239, H8S/2238,
H8S/2237, H8S/2227 Groups

Hardware Manual
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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.


Notes regarding these materials

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

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

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

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

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

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

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

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

(1) artificial life support devices or systems

(2) surgical implantations

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

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

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

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

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

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

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

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

1. Handling of Unused Pins

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

the manual.

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

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

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

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

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

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
become stable. When switching the clock signal during program execution, wait until the
target clock signal has stabilized.

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

5. Differences between Products

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

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

This manual comprises the following items:

WD PR

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

Preface

Main Revisions for This Edition

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

Contents

Overview

Description of Functional Modules

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

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

i) Feature

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

v) Usage Note

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

8.
9.

List of Registers
Electrical Characteristics

10. Appendix
11. Index
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Preface

The H85/2558 Group, H8S5/2239 Group, H8S/2238 Group, H8S/2237 Group, and H8S/2227
Group are high-performance microcomputers made up of the internal 32-bit configuration
H8S/2000 CPU as their cores, and the peripheral functions required to configure a system.

TM*

A single-power flash memory (F-ZTAT ™) version and masked ROM version are available for
these LSIS ROM. These versions provide flexibility as they can be reprogrammed in no time to
cope with all situations from the early stages of mass production to full-scale mass production.
Thisis particularly applicable to application devices of which the specifications frequently
changeable.

On-chip peripheral functions of each microcomputer are summarized below.

Note: * F-ZTAT isatrademark of Renesas Technology Corp.
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List of On-Chip Peripheral Functions:

H8S/2258 H8S/2239 H8S/2238 H8S/2237 H8S/2227

Group Name Group Group Group Group Group
H8S/2238B H8S/2227
H8S/2238R H8S/2237 H8S/2225

H8S/2258 H8S/2236B H8S/2235 H8S/2224

Microcomputer H8S/2256 H8S/2239 H8S/2236R H8S/2233 H8S/2223

Bus controller (BSC) O (16 bits) O (16 bits) O (16 bits) O (16bits) O (16 bits)

Data transfer controller O 0] (0] (0] o]

(DTC)

DMA controller ( DMAC) — o — — —

PC break controller (PBC) x2 x2 x2 x2 x2

16-bit timer pulse unit x6 x6 x6 x6 x3

(TPU)

8-bit timer (TMR) x4 x4 x4 x2 x2

Watchdog timer (WDT) x2 x2 x2 x2 x2

Serial communication x4 x4 x4 x4 x3

interface (SCI)

I°C bus interface (IIC) x2 (option)  x2 (option)  x2 (option) — —

D/A converter x2 x2 x2 x2 —
A/D Analog input x8 x8 x8 x8 x8
converter

IEBus™* controller (IEB) x1

Note: * IEBus (Inter Equipment Bus) is a trademark of NEC Electronics Corp.

Target Users.  This manual was written for users who will be using the H85/2258 Group,
H8S/2239 Group, H8S/2238 Group, H8S/2237 Group, and H85/2227 Group in the
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the H85/2258 Group, H85/2239 Group,
H8S/2238 Group, H8S/2237 Group, and H85/2227 Group hardware functions and
electrical characteristics of thisL S| to the target users.

Refer to the H8S/2600 Series, H8S/2000 Series Software Manual for a detailed
description of the instruction set.
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Notes on reading this manual:

e Inorder to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into
descriptions on the CPU, system control functions, peripheral functions, and electrical
characteristics.
¢ |Inorder to understand the details of the CPU’ s functions
Read the H8S/2600 Series, H8S2000 Series Software Manual.

e Inorder to understand the details of aregister whole name is already known
Read the index that isthe final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 26,
List of Registers.

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

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

Related Manuals.  The latest versions of al related manuals are available from our web site.
Please ensure you have the latest versions of all documents.
http://www.renesas.com/

H8S/2258 Group, H8S5/2239 Group, H8S/2238 Group, H85/2237 Group, H8S5/2227 Group
manuals:

Document Title Document No.
H8S/2258 Group, H8S/2239 Group, H8S/2238 Group, H8S/2237 Group, This manual
H8S/2227 Group Hardware Manual

H8S/2600 Series, H8S/2000 Series Software Manual REJ09B0139
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User's Manuals for Development Tools:

Document Title

Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimized Linkage REJ10J2039
Editor User's Manual
High-performance Embedded Workshop User's Manual REJ10J2037

Application Notes:

Document Title

Document No.

H8S, H8/300 Series C/C++ Compiler Package Application Note

REJO5B0464
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)

1.3.2 Pin Arrangements in 20 to 23 Table amended

Each Mode Pin Name

Table 1.1 Pin Arrangements Flash Memory

in Each Mode of H8S5/2258 Programmable
Mode 4 Mode 5 Mode 6 Mode 7 Mode#*

Group e

23 Note added
Note: * The NC should be left open.
Table 1.2 Pin Arrangements 24 to 28 Table amended

in Each Mode of H8S/2239 Pin No. Pin Name

Grou p TFP-100B
TFP-100BV
TFP-100G
TFP-100GV Flash Memory
FP-100B TBP-112A*! Programmable
FP-100BV ~ TBP-112AV*' Mode 4 Mode 5 Mode 6 Mode 7 Mode*?

28 Note added
Notes: 1. Supported only by HD64F2239.
2. The NC should be left open.

Table 1.3 Pin Arrangements 29 to 33 Table amended
in Each Mode of H8S/2238

Pin Name
GrOUp Flash Memory
Programmable
Mode 4 Mode 5 Mode 6 Mode 7 Mode™*

33 Note added
Notes: 4. The NC should be left open.

Table 1.4 Pin Arrangements 34 to 38 Table amended

in Each Mode of H8S/2237 Pin Name

Group PROM
Mode 4 Mode 5 Mode 6 Mode 7 Mode*

38 Note added

Note: * The NC should be left open.

Table 1.5 Pin Arrangements 39 to 43 Table amended

in Each Mode of H8S/2227 Pin Name

Group Flash Memory

Programmable

Mode 4 Mode 5 Mode 6 Mode 7 Mode™®

43 Note added
Notes: 3. The NC should be left open.
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Item Page

Revision (See Manual for Details)

2.3 Address Space 70
Figure 2.5 Memory Map

Figure amended

H'00000000
16 Mbytes Program area
H'OOFFFFFF | . Data area
Not available
in this LSI
H'FFFFFFFF

(b) Advanced Mode

2.6 Instruction Set 79

Table 2.1 Instruction
Classification

Table amended

Function Instructions Size Types
Data transfer MOV B/W/L 5
POP™, PUSH™* WL
LDM*%, STM** L
Note added

Notes: 5. Only register ERO to ER6 should be used when
using the STM/LDM instruction.

2.6.1 Table of Instructions 81
Classified by Function

Table 2.3 Data Transfer
Instructions

Table amended

Instruction  Size®™  Function

LDM*? L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
STM*? L Rn (register list) »> @-SP

Pushes two or more general registers onto the stack.

Note amended
Notes: 1. Refers to the operand size.

B: Byte
W: Word
L: Longword

2. Only register ERO to ER6 should be used when
using the STM/LDM instruction.
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Item Page Revision (See Manual for Details)
4.8 Usage Note 126 Figure amended
Figure 4.3 Operation When " ~" ) M~ )
SP Value |S Odd CCR SP — R1L H'FFFEFA
Sp—= | 1 | 1 H'FFFEFB
| pc __| | PC __ | HFFFEFC
H'FFFEFD
ser I ... |nererE
N—— N—— N——
TRAPA instruction executed MOV.B R1L, @-ER7 executed
SP set to H'FFFEFF Data saved above SP Contents of CCR lost
5.6.5 IRQ Interrupt 156 5.6.5 added
5.6.6 NMI Interrupts Usage 156 5.6.6 added

Notes

6.3.4 Operation in 161 Description amended
;\I’/lrggsistions to Power-Down e When the SLEEP instruction causes a transition from
high speed  mode to subactive mode (figure 6.2 (B)).
7.6.4 Wait Control 191 Description amended
(2) Pin Wait Insertion Setting the WAITE bit in BCRL to 1 enables wait insertion by
means of the WAIT pin.
9.2.5 DTC Transfer Count 285 Description amended

Register A (CRA)

In repeat mode or block transfer mode, the CRA is divided
into two parts; the upper 8 bits (CRAH) and the lower 8 bits
(CRAL). In repeat mode, CRAH holds the number of
transfers while CRAL functions as an 8-bit transfer counter
(1 to 256). In block transfer mode, CRAH holds the block
size while CRAL function as an 8-bit block size counter (1 to
256). CRAL is decremented by 1 every time data is
transferred, and the contents of CRAH are sent when the
count reaches H'00. This operation is repeated.

10.1.2 Port 1 Data Register 310
(P1DR)

Table amended

Initial Value  R/W

RIW Output data for a pin is stored when the pin is
RIW specified as a general purpose output port.

o)

it Bit Name
P17DR
P16DR
P15DR
P14DR
P13DR
P12DR
P11DR
P10DR

Description

R/W
R/W
RIW
R/W
R/W
R/W

olr|N|w| s a|lol~N
o|lo|o|o|o|o|o|o
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Item Page Revision (See Manual for Details)

10.2.2 Port 3 Data Register 316 Table amended

(PSDR) Bit Bit Name Initial Value R/W Description
7 — Undefined — Reserved
These bits are always read as undefined value.
6 P36DR 0 R/W Output data for a pin is stored when the pin is
5 P35DR 0 RIW specified as a general purpose output port.
4 P34DR 0 R/W
3 P33DR 0 R/W
2 P32DR 0 R/W
1 P31DR 0 R/IW
0 P30DR 0 R/W
10.4.2 Port 7 Data Register 323 Table amended
(P7DR) Bit  Bit Name Initial Value  R/W  Description
7 P77DR 0 R/W  Output data for a pin is stored when the pin is
6 P76DR 0 RIW specified as a general purpose output port.
5 P75DR 0 R/W
4 P74DR 0 R/W
3 P73DR 0 RIW
2 P72DR 0 RIW
1 P71DR 0 RIW
0 P70DR 0 RIW
10.6.2 Port A Data Register 328 Table amended
(PADR) Bit Bit Name Initial Value R/W Description
7t04 — Undefined — Reserved
These bits are always read as undefined value.
3 PA3DR 0 R/W  Output data for a pin is stored when the pin is
2 PA2DR 0 Riw  SPecified as a general purpose output port.
1 PALDR 0 RIW
0 PAODR 0 RIW
10.7.2 Port B Data Register 333 Table amended
(PBDR) Bit  Bit Name Initial Value  R/W Description
7 PB7DR 0 R/W  Output data for a pin is stored when the pin is
6 PBGDR 0 R/w _ Specified as a general purpose output port.
5 PB5DR 0 RIW
4 PB4DR 0 R/W
3 PB3DR 0 R/W
2 PB2DR 0 R/W
1 PB1DR 0 R/W
0 PBODR 0 R/IW
10.8.2 Port C Data Register 340 Table amended
(PCDR) Bit  BitName Initial Value R/W  Description
7 PC7DR 0 R/W  Output data for a pin is stored when the pin is
6 PCEDR 0 RIW specified as a general purpose output port.
5 PC5DR 0 RW
4 PC4DR 0 R/W
3 PC3DR 0 R/W
2 PC2DR 0 RW
1 PC1DR 0 RW
0 PCODR 0 R/W
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Item Page

Revision (See Manual for Details)

10.9.2 Port D Data Register 344
(PDDR)

Table amended

Bit Bit Name Initial Value  R/W  Description
7 PD7DR 0 R/W  Output data for a pin is stored when the pin is
6 PDEDR 0 RIW specified as a general purpose output port.
5 PD5DR 0 R/W
4 PD4DR 0 R/W
3 PD3DR 0 R/W
2 PD2DR 0 R/W
1 PD1DR 0 R/W
0 PDODR 0 R/W
10.10.2 Port E Data 347 Table amended
RegIStel’ (PEDR) Bit  Bit Name Initial Value  R/W Description
7 PE7DR 0 R/W  Output data for a pin is stored when the pin is
6 PEGDR 0 RIW specified as a general purpose output port.
5 PE5SDR 0 R/W
4 PE4DR 0 R/W
3 PE3DR 0 R/W
2 PE2DR 0 R/W
1 PE1DR 0 R/W
0 PEODR 0 R/IW
10.11.2 Port F Data Register351 Table amended
(PFDR) Bit  BitName Initial Value R/ Description
7 PF7DR 0 R/W  Output data for a pin is stored when the pin is
6 PF6DR 0 RIW specified as a general purpose output port.
5 PF5DR 0 R/W
4 PF4DR 0 RIW
3 PF3DR 0 R/W
2 PF2DR 0 R/W
1 PF1DR 0 R/W
0 PFODR 0 R/W
10.12.2 Port G Data 355 Table amended
Register (PGDR) Initial
Bit Bit Name Value R/W Description
7to Undefined Reserved
5 These bits are always read as undefined value.
4 PG4DR 0 R/W Output data for a pin is stored when the pin is
3 PG3DR 0 RIW specified as a general purpose output port.
2 PG2DR 0 R/W
1 PG1DR 0 R/W
0 PGODR 0 R/W
10.13 Handling of Unused 358 10.13 added

Pins

RENESAS
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11.3.1 Timer Control 367 Table amended
Register (TCR) Bit  BitName Initial Value R/W  Description
4 CKEG1 0 R/W  Clock Edge 1 and 0
3 CKEGO 0 RIW " These bits select the input clock edge. When the input

clock is counted using both edges, the input clock
period is halved (e.g. o/4 both edges = ¢/2 rising
edge). If phase counting mode is used on channels 1,
2, 4*, and 5*, this setting is ignored and the phase
counting mode setting has priority. Internal clock edge
selection is valid when the input clock is /4 or slower.
When the input clock is ¢/1 or when
overflow/underflow of another channel is selected,
this setting is ignored and the input clock is counted at
the falling edge of ¢.
00: Count at rising edge
01: Count at falling edge
1 : Count at both edges
Legend:  x: Don't care

13.3.1 Timer Counter 468 Description added

TCNT - : , :
( ) TCNT is an 8-bit readable/writable up-counter. TCNT is

initialized to H'00 when the TME bit in TCSR is cleared to 0.

To initialize TCNT to H'00 while the timer is operating, write
H'00 to TCNT directly. See 13.6.7, Notes on Initializing
TCNT by Using the TME Bit.

13.6.3 Changing Value of 479 Description amended

RSSIO) CKS2 to CKS0 If the PSS or CKSO to CKS2 bits in TCSR are written to
while the WDT is operating, errors could occur in the
incrementation. Software must be used to stop the watchdog
timer (by clearing the TME bit to 0) before changing the
value of the PSS or CKSO to CKS2 bits.

13.6.7 Notes on Initializing 479 13.6.7 added
TCNT by Using the TME Bit

15.3.8 Smart Card Mode 570 Table amended

Register (SCMR) Initial
Bit Bit Name Value R/W Description
7t04 — All 1 — Reserved
These bits are always read as 1, and cannot be
modified.
3 SDIR 0 R/W Smart Card Data Transfer Direction

Selects the serial/parallel conversion format.

0: LSB-first in transfer

1: MSB-first in transfer

The bit setting is valid only when the transfer data
format is 8 bits. Except in the case of 7-bit data in
asynchronous mode, either LSB-first or MSB-first
may be selected regardless of the serial
communication mode. For 7-bit data, set this bit to
0 to select LSB-first in transfer.
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16.3.6 I°C Bus Control
Register (ICCR)

644

Table amended

Initial

Bit Bit Name Value R/W Description

7 ICE 0 R/W  I’C Bus Interface Enable
When this bit is set to 1, the I°C bus interface module is
enabled to send/receive data and drive the bus since itis
connected to the SCL and SDA pins. ICMR and ICDR can be
accessed.
SCL and SDA output is disabled (and input to SCL and SDA is
enabled) when this bit is cleared to 0. SAR and SARX can be
accessed.

16.4.6 Slave Transmit
Operation

670

Description added

1. Initialize slave receive mode and wait for slave address
reception.
When making initial settings for slave receive mode, set
the ACKE bit in ICCR to 1. This is necessary in order to
enable reception of the acknowledge bit after entering
slave transmit mode.

Description amended

4. The master device drives SDA low at the 9th clock pulse,
and returns an acknowledge signal. When the value of
the ACKE bitin ICSR is 1, the acknowledge signal state
is stored in the ACKB bit, so the ACKB bit can be used to
determine whether the transfer operation was performed
successfully.

671

Description added

10. When the stop condition is detected, that is, when SDA
is changed from low to high when SCL is high, the
BBSY flag in ICCR is cleared to 0 and the STOP flag in
ICSR is set to 1. At the same time, the IRIC flag is set to
1. If the IRIC flag has been set, it is cleared to O.

To restart slave transmit mode operation, make the
initial settings once again.

16.6 Usage Notes

Table 16.7 I°C Bus Timing
(SCL and SDA Output)

677

Table amended

Item Symbol  Output Timing Unit  Notes

SCL output cycle time toeo 281, 10256t ns Figure 27.34
SCL output high pulse width tocro 05t ns

SCL output low pulse width too 05t ns
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16.6 Usage Notes 681

Figure 16.22 Flowchart and
Timing of Start Condition
Instruction Issuance for
Retransmission

Figure amended

Start condition
(retransmission)

I I

SDA ACK / | / Bit7 X
¥ * Data output

A

[5] ICDR write (next transmit data)

[4] IRIC determination

[3] (Restart) Start condition instruction issuance

[2] Detemination of SCL = Low

[1] IRIC determination

Figure 16.23 Timing of Stop 682
Condition Issuance

Figure amended

9th clock  High period secured

: — —_—
1| As waveform rise is late, A
1 |__SCL is detected as low

Stop condition

SDA J

IRIC : /

[1] Determination of SCL =low  [2] Stop condition instruction issuance

Figure 16.25 ICDR Read 683 Figure amended
and ICCR Access Timing in Waveforms if
Slave Transmit Mode provim oceurs
SDA RIW N S U [ &tz
R
scL 8 o ;
TRS bit Address received Data transmission
Period when ICDR reads and‘lcc\
reads and writes are prohibited ICDR write
(6 system clock cycles)
Detection of 9th clock
cycle rising edge
17.2 Input/Output Pins 691 Table amended

Table 17.1 Pin Configuration

Pin Name Symbol 110 Function

Analog power supply pin AV Input Analog block power supply and reference
voltage

Analog ground pin AV Input Analog block ground and reference voltage

Reference voltage pin Vref Input Reference voltage for A/D conversion

Analog input pin 0 ANO* Input Group 0 analog input pins

Analog input pin 1 AN1* Input

Note added

Note: * In the case of the H8S/2239 Group, H8S/2227
Group, H8S/2238R, and H8S/2236R, ANO and
AN1 may be used only when Vcc = AVcc.
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17.8.4 Range of Analog 705 Description added
ggn’iigfuwly and Other Pin e Relationship between AVcc, AVss and Vcc, Vss
Set AVss = Vss as the relationship between AVcc, AVss
and Vcc, Vss. If the A/D converter is not used, the AVcc
and AVss pins must not be left open. In addition, ANO
and AN1 may be used only when Vcc = AVcc in the case
of the H8S/2239 Group, H8S/2227 Group, H8S/2238R,
and H8S/2236R.
27.3.2 DC Characteristics 865 Table amended
Table 2714 DC Item Symbol Min Typ Max Unit gz?dilions
Characteristics (1) Inputhigh  EXTAL, Ports V,  V.x08 —  V,+03 v
voltage 1,3,7,and A
to G
,,,,,,,,,,,,,,,, Potsdffand9 | Vex08 — AV O3BV L
866 Note added
Notes: 5. When V.. < AV,__., the maximum value for P40
and P41isV_ +0.3 V.
27.3.4 AJD Conversion 883 Table condition amended
Characteristics Condition A (F-ZTAT version and masked ROM version):
Table 27.23 'A/D Conversion V.. =27V103.6 V¥ AV, =27V 103.6 V¥,
Characteristics V., =27VI0AV_, V_=AV_ =0V, ¢=2to 16.0 MHz,
T, =-20°C to +75°C (regular specifications)
Condition B (Masked ROM version):
V..=22V103.6V* AV =22Vto3.6V*,
V,=22Vt0AV,, V =AV, =0V, ¢ =210 6.25 MHz,
T, =-20°C to +75°C (regular specifications),
T, =—-40°C to +85°C (wide-range specifications)
Condition C (F-ZTAT version and masked ROM version):
V,.=3.0V1t03.6 V¥ AV =3.0Vt03.6 V*,
V. =30VtoAV_,V =AV_ =0V,
¢ =10.0 to 20.0 MHz,
T, =-20°C to +75°C (regular specifications),
T, =—-40°C to +85°C (wide-range specifications)
Note added
Note: * ANO and AN1 can be used only when V. = AV_...
27.5.2 DC Characteristics 908 Table amended

Table 27.39 DC
Characteristics (1)

Test

Item Symbol Min Typ Max Unit  Conditions
Input high EXTAL, Ports  V,, Ve x08 — V. +0.3 \
voltage 1,3,7,and A

to G

Ports 4*° and 9
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27.5.2 DC Characteristics 909 Note added

Table 27.39 DC Notes: 5. When V.. < AV_., the maximum value for P40
Characteristics (1) and P4lisV_ +0.3 V.

27.5.4 AJD Conversion 923 Table condition amended

Characteristics

Table 27.47 A/D Conversion
Characteristics

Condition A (F-ZTAT version and masked ROM version):

V,.=27V103.6V* AV _=27Vto3.6V*,
V,=27V10 AV, V =AV =0V,

¢ =210 13.5 MHz,

T, =-20°C to +75°C (regular specifications),

T, =—-40°C to +85°C (wide-range specifications)
Condition B (F-ZTAT version):

V. =22V1t03.6 Vs AV, =22V 1t03.6V*,
V=22Vt AV, V. =AV_ =0V,

¢ =210 6.25 MHz,
T, =-20°C to +75°C (regular specifications)

Condition C (Masked ROM version):

V,=22V103.6V* AV =22V103.6V*,
V,=22Vt0AV,, V =AV_ =0V,

¢ =210 6.25 MHz,

T, =-20°C to +75°C (regular specifications),

T, =—-40°C to +85°C (wide-range specifications)

Note added
Note: * ANO and AN1 can be used only when V. = AV_..

27.6.2 DC Characteristics 928 Table amended
Test
Table 27.51 DC fem Symbol Min  Typ  Max _Unit Conditions
Characteristics (1) inputhigh  EXTAL, Ports  V,, V.o x08 Vo103 v
voltage 1,3,7,and A
to G
,,,,,,,,,,,,,,,, Ports4and9  Veex08  — AV #03TV.
929 Note added

Notes: 5. When V.. < AV,__., the maximum value for P40
and P41isV_ +0.3 V.
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27.6.4 A/D Conversion 944
Characteristics

Table 27.57 A/D Conversion
Characteristics

Table condition amended
Condition A (ZTAT version):

V.. =27V103.6 V¥ AV, =27 V103.6 V¥,
V,=27V1t0AV,, V =AV_ =0V, ¢ =2to 10 MHz,

T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Condition B (F-ZTAT version, Masked ROM version):

V=27V 103.6 V¥, AV =2.7V103.6 V¥,
V,=27Vt0AV_, V =AV_ =0V, ¢ =2 to 13.5MHz,
T, =-20°C to +75°C (regular specifications),

T, =—-40°C to +85°C (wide-range specifications)

Condition C (Masked ROM version):

V. =22V1t03.6 Vs AV, =22V 1t03.6V*,
V, =22Vt AV, V=AV, =0V, =21t06.25 MHz,

T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Note added
Note: * ANO and AN1 can be used only when V. = AV,

cc*

Appendix B Product Codes 970

Table B.3 Product Codes of
H8S/2238 Group

Table amended

Package
Product Type Product Code Mark Code (Package Code)
HBS/22388 Masked 5V version HDG4322388 HD6432238B(***)TE 100-pin TQFP (TFP-1008)
ROM HD6432238B(***)TF 100-pin TQFP (TFP-100G)
version
HD6432238B(***)F 100-pin QFP (FP-100A)
HD6432238B(***)FA 100-pin QFP (FP-1008)
On-chip 'C ~ HD6432238BW  HDG432238BW(***)TE 100-pin TQFP (TFP-1008)
bus interface HD6432238BW(+**)TF 100-pin TQFP (TFP-100G)
product
(5-V version) HD6432238BW(***)F 100-pin QFP (FP-100A)
HD6432238BW(***)FA 100-pin QFP (FP-1008)
HBS/2238R  Masked 3V version, HDG432238R HD6432238R(***)TE 100-pin TQFP (TFP-1008)
ROM 2:2:V version HD6432238R(***)TF 100-pin TQFP (TFP-100G)
version
HD6432238R(***)FA 100-pin QFP (FP-1008)
On-chip 'C  HDG6432238RW  HDB432238RW(***)TE 100-pin TQFP (TFP-1008)
bus interface HD6432238RW(***)TF 100-pin TQFP (TFP-100G)
product
(3 version) HD6432238RW(***)FA 100-pin QFP (FP-1008)

Rev. 6.00 Mar. 18, 2010 Page xix of Ix
REJ09B0054-0600
RENESAS



Item Page

Revision (See Manual for Details)

Appendix B Product Codes 971

Table B.3 Product Codes of
H8S/2238 Group

Table amended

Product Type

Product Code

Mark Code

Package
(Package Code)

HBS/2236B Masked 5V version HDG4322368 HD6432236B(***)TE 100-pin TQFP (TFP-1008)
ROM HD6432236B(***)TF 100-pin TQFP (TFP-100G)
version

HD6432236B(***)F 100-pin QFP (FP-100A)
HD6432236B(***)FA 100-pin QFP (FP-1008)
On-chip FC  HD6432236BW  HDG432236BW(***)TE 100-pin TQFP (TFP-1008)
bus interface HD6432236BW(***)TF 100-pin TQFP (TFP-100G)
product
(5-V version) HD6432236BW(***)F 100-pin QFP (FP-100A)
HD6432236BW(***)FA 100-pin QFP (FP-1008)

HBS/2236R Masked 3V version, HDG432236R HD6432236R(***)TE 100-pin TQFP (TFP-1008)
ROM 2:2:V version HD6432236R(***)TF 100-pin TQFP (TFP-100G)
version

HD6432236R (***)FA 100-pin QFP (FP-1008)
On-chip 'C ~ HD6432236RW  HDB432236RW(***)TE 100-pin TQFP (TFP-1008)
bus interface HDB432236RW(***)TF 100-pin TQFP (TFP-100G)
product
(3 version) HD6432236RW(***)FA 100-pin QFP (FP-1008)

Appendix C Product Codes 973

Figure C.1 TFP-100B
Package Dimensions

Figure replaced

Figure C.2 TFP-100G 974
Package Dimensions

Figure replaced

Figure C.3 FP-100A 975
Package Dimensions

Figure replaced

Figure C.4 FP-100B 976
Package Dimensions

Figure replaced

Figure C.5 BP-112 Package 977
Dimensions

Figure replaced

Figure C.6 TBP-112A, TBP- 978
112AV Package Dimensions

Figure replaced

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section1l Overview

1.1 Features

o High-speed H8S/2000 central processing unit with an internal 16-bit architecture
— Upward-compatible with H8/300 and H8/300H CPUs on an object level
— Sixteen 16-bit general registers
— 65 basic instructions
e Various peripheral functions
— PC break controller
— DMA controller (DMAC)
Supported only by the H8S/2239 Group.
— Datatransfer controller (DTC)
— 16-bit timer-pulse unit (TPU)
H8S/2258 Group, H8S/2239 Group, H8S5/2238 Group, and H8S/2237 Group: Six channels
H8S/2227 Group: Three channels
— 8-bit timer (TMR)
H8S5/2258 Group, H8S/2239 Group, H8S/2238 Group: Four channels
H8S/2237 Group, H8S/2227 Group: Two channels
— Watchdog timer (WDT)
— Serial communication interface (SCI)
H8S/2258 Group, H8S/2239 Group, H85/2238 Group, and H85/2237 Group: Four
channels (SCI_0to SCI_3)
H8S/2227 Group: Three channels (SCI_0, SCI_1, and SCI_3)
— I’C businterface (11C)
Optional function for the H8S/2258 Group, H8S/2239 Group, and H85/2238 Group
— 10-bit A/D converter
— 8-bit D/A converter
Not available in the H8S/2227 Group.
— |EBus controller (IEB)
H8S/2258 Group: One channel
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Section 1 Overview

e On-chip memory

ROM Model ROM RAM Remarks
Flash memory HD64F2258 256 kbytes 16 kbytes
version HD64F2239 384 kbytes 32 kbytes
HD64F2238B 256 kbytes 16 kbytes
HD64F2238R 256 kbytes 16 kbytes
HD64F2227 128 kbytes 16 kbytes
PROM version HD6472237 128 kbytes 16 kbytes
Masked ROM HD6432258 256 kbytes 16 kbytes
version HD6432258W 256 kbytes 16 kbytes
HD6432256 128 kbytes 8 kbytes
HD6432256W 128 kbytes 8 kbytes
HD6432239 384 kbytes 32 kbytes
HD6432239W 384 kbytes 32 kbytes
HD6432238B 256 kbytes 16 kbytes
HD6432238BW 256 kbytes 16 kbytes
HD6432238R 256 kbytes 16 kbytes
HD6432238RW 256 kbytes 16 kbytes
HD6432236B 128 kbytes 8 kbytes
HD6432236BW 128 kbytes 8 kbytes
HD6432236R 128 kbytes 8 kbytes
HD6432236RW 128 kbytes 8 kbytes
HD6432237 128 kbytes 16 kbytes
HD6432235 128 kbytes 4 kbytes
HD6432233 64 kbytes 4 kbytes
HD6432227 128 kbytes 16 kbytes
HD6432225 128 kbytes 4 kbytes
HD6432224 96 kbytes 4 kbytes
HD6432223 64 kbytes 4 kbytes

e General 1/0 ports
— /O pins: 72
— Input-only pins: 10
e Supports various power-down states
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e Compact package

Package (Code)*® Body Size Pin Pitch

TQFP-100 TFP-100B, 14.0 x 14.0 mm 0.5 mm
TFP-100BV

TQFP-100** TFP-100G, 12.0 x 12.0 mm 0.4 mm
TFP-100GV

QFF’-lOO*2 FP-100A, FP-100AV 14.0 x 20.0 mm 0.65 mm

QFP-100*° FP-100B, FP-100BV  14.0 x 14.0 mm 0.5mm

LFBGA-112** BP-112, BP-112V 10.0 x 10.0 mm 0.8 mm

TFBGA-112*° TBP-112A, 10.0 x 10.0 mm 0.8 mm
TBP-112AV

Notes: 1. Not supported by the H8S/2258 Group.

2. Supported only by the H8S/2258 Group, H8S/2238B, H8S/2236B, H8S/2237 Group,
and HD6432227.

o g w

Not supported by the HD64F2227.
Supported only by the HD64F2238R.

Supported only by theHD64F2238R and HD64F2239.
Package code ending in the letter V designate Pb-free Product.
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Section 1 Overview

1.2 Internal Block Diagram

Figures 1.1 to 1.5 show the internal block diagrams.
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Figure 1.1 Internal Block Diagram of H85/2258 Group
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Figure 1.5 Internal Block Diagram of H85/2227 Group
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1.3 Pin Description

131 Pin Arrangement

(1) Pin Arrangement of H85/2258 Group

Figures 1.6 and 1.7 show the pin arrangement of the H8S/2258 Group.
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Figure1.6 Pin Arrangement of H8S52258 Group

(TFP-100B, TFP-100BV, FP-100B, FP-100BV: Top View)
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Figure1.7 Pin Arrangement of H85/2258 Group
(FP-100A, FP-100AV: Top View)
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Section 1 Overview

(2) Pin Arrangement of H85/2239 Group

Figures 1.8 and 1.9 show the pin arrangement of the H8S5/2239 Group.
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Figure 1.8 Pin Arrangement of H85/2239 Group
(TFP-100B, TFP-100BV, TFP-100G, TFP-100GV, FP-100B, FP-100BV: Top View)
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Figure1.9 Pin Arrangement of H85/2239 Group

(TBP-112A, TBP-112AV: Top View, Only for HD64F2239)
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Section 1 Overview

(3) Pin Arrangement of H85/2238 Group

Figures 1.10 to 1.12 show the pin arrangement of the H85/2238 Group.
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Figure1.10 Pin Arrangement of H852238 Group
(TFP-100B, TFP-100BV, TFP-100G, TFP-100GV, FP-100B, FP-100BV: Top View)
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Figure1.11 Pin Arrangement of H852238 Grou

p

(FP-100A, FP-100AV: Top View, Only for H85/2238B and H85/2236B)
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Figure1.12 Pin Arrangement of H852238 Group
(BP-112, BP-112V, TBP-112A, TBP-112AV: Top View, Only for HD64F2238R)
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Section 1 Overview

(4) Pin Arrangement of H85/2237 Group

Figures 1.13 and 1.14 show the pin arrangement of the H85/2237 Group.
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Figure 1.13 Pin Arrangement of H852237 Group
(TFP-100B, TFP-100BV, TFP-100G, TFP-100GV, FP-100B, FP-100BV: Top View)
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Figure1.14 Pin Arrangement of H852237 Group (FP-100A, FP-100AV: Top View)
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Section 1 Overview

(5) Pin Arrangement of H85/2227 Group

Figures 1.15 and 1.16 show the pin arrangement of the H85/2227 Group.

[s2}
‘0
[
1]
o N
oN |
‘0_: 2 6
SR
0|O[=|EE oo
<<= §|D{cn o zZz
SoEOTCe T o > 08,09, <X
Eﬁﬁmiﬁﬁigﬁiﬁﬁ8F§ﬁ885883§5
AAA0AAAASEU>SXSnZEr00S5<>5Sada
OOOOOO0OOO00O0OOOOOO OO O000
OLTON—TAODONOULTMNHMANTAODDONOW ST MN
P31/RxD0 [] 77 49[1] P43/AN3
P32/SCKO/IRQ4 [] 78 48[ P44/AN4
P33/TxD1 []79 47[0 P45/ANS
P34/RxD1 []80 46[J P46/ANG
P35/SCK1/IRQ5 []81 45[] PA7/ANT
P36 []82 447 P96
P77/TxD3 []83 43[0 P97
P76/RxD3 []84 TEP-100B 42[1 AVSS
P75/SCK3 ]85 TEP-100BY 41[0 P17/TIOCB2/TCLKD
P74/MRES []86 TEP-100G 40[0 P16/TIOCA2/IRQA
P73/TMO1/CS7 []87 39[0 P15/TIOCBL/TCLKC
P72/TMO0/CS6 []88 TFP-100GV 38[1 P14/TIOCALIRQO
P71/CS5 []89 FP-100B* 370 P13/TIOCDO/TCLKB/A23
P70/TMRIO1/TMCIOL/CS4 []90 FP-100BV* 36[0 P12/TIOCCO/TCLKA/A22
PGO/IRQ6 []91 (TOP VIEW) 35[] P11/TIOCBO/A21
PG1/CS3/IRQ7 []92 34[1 P10/TIOCAO/A20
PG2/CS2 []93 330 PA3/A19
PG3/CS1 []94 32[0 PA2/A18
PG4/CS0 []95 310 PAL/AL7
PEO/DO []96 300 PAO/A1L6
PE1/D1 97 290 PB7/A15
PE2/D2 []98 28[0 PB6/A14
PE3/D3 []99 270 PB5/A13
PE4/D4 []100 26[1 PB4/A12
OdNMSTSTOOMNOOIOTANMS O
ANNFTOOMNMNOD Addrd A" "dANNNNNN
)
85 BRS IO a8242223225225]
BELRRSRSReS 0 D00o000EEaS
n.n.n.EEDDQDDD A aoaoQaaoaoaoaonoamm
[a Ny Ty Wy a Tyl oo

Note: *

Masked ROM version only.

Figure 1.15 Pin Arrangement of H85/2227 Group
(TFP-100B, TFP-100BV, TFP-100G, TFP-100GV, FP-100B*, FP-100BV*: Top View)
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Figure1.16 Pin Arrangement of H852227 Group
(FP-100A, FP-100AV: Top View, Only for HD6432227)
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132

Pin Arrangementsin Each Mode

Tables 1.1 to 1.5 show the pin arrangements in each mode.

Tablel.1 Pin Arrangementsin Each Mode of H8S/2258 Group
Pin No. Pin Name
TFP-
100B Flash Memory
FP- FP- Programmable
100B 100A Mode 4 Mode 5 Mode 6 Mode 7 Mode*
1 4 PE5/D5 PES5/D5 PES5/D5 PE5 OE
2 5 PE6/D6 PE6/D6 PE6/D6 PEG6 WE
3 6 PE7/D7 PE7/D7 PE7/D7 PE7 CE
4 7 D8 D8 D8 PDO DO
5 8 D9 D9 D9 PD1 D1
6 9 D10 D10 D10 PD2 D2
7 10 D11 D11 D11 PD3 D3
8 11 D12 D12 D12 PD4 D4
9 12 D13 D13 D13 PD5 D5
10 13 D14 D14 D14 PD6 D6
11 14 D15 D15 D15 PD7 D7
12 15 CvCC CcvCcC CcvCcC CvCcC VCC
13 16 A0 A0 PCO/AQ PCO A0
14 17 VSS VSS VSS VSS VSS
15 18 Al Al PC1/Al PC1 Al
16 19 A2 A2 PC2/A2 PC2 A2
17 20 A3 A3 PC3/A3 PC3 A3
18 21 A4 A4 PC4/A4 PC4 A4
19 22 A5 A5 PC5/A5 PC5 A5
20 23 A6 A6 PC6/A6 PC6 A6
21 24 A7 A7 PC7/A7 PC7 A7
22 25 PBO/A8/TIOCA3 PBO/A8/TIOCA3  PBO/A8/TIOCA3  PBO/TIOCA3 A8
23 26 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/TIOCB3 A9
24 27 PB2/A10/ PB2/A10/ PB2/A10/ PB2/TIOCC3 A10
TIOCC3 TIOCC3 TIOCC3
25 28 PB3/A11/ PB3/A11/ PB3/A11/ PB3/TIOCD3 All
TIOCD3 TIOCD3 TIOCD3
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Section 1 Overview

Pin No. Pin Name

TFP-

100B Flash Memory

FP- FP- Programmable

100B 100A Mode 4 Mode 5 Mode 6 Mode 7 Mode*

26 29 PB4/A12/ PB4/A12/ PB4/A12/ PB4/TIOCA4 Al2
TIOCA4 TIOCA4 TIOCA4

27 30 PB5/A13/ PB5/A13/ PB5/A13/ PB5/TIOCB4 Al13
TIOCB4 TIOCB4 TIOCB4

28 31 PB6/A14/ PB6/A14/ PB6/A14/ PB6/TIOCA5 Al4
TIOCAS TIOCA5 TIOCA5

29 32 PB7/A15/ PB7/A15/ PB7/A15/ PB7/TIOCB5 Al5
TIOCB5 TIOCB5 TIOCB5

30 33 PAO/A16 PAO/A16 PAO/A16 PAO Al6

31 34 PA1/A17/TxD2 PA1/A17/TxD2 PA1/A17/TxD2 PA1/TxD2 Al7

32 35 PA2/A18/RxD2  PA2/A18/RxD2 PA2/A18/RxD2 PA2/RxD2 Al8

33 36 PA3/A19/ PA3/A19/ PA3/A19/ PA3/SCK2 NC
SCK2 SCK2 SCK2

34 37 P10/TIOCAO0/ P10/TIOCA0/ P10/TIOCAO0/ P10/TIOCAO NC
A20 A20 A20

35 38 P11/TIOCBO/ P11/TIOCBO/ P11/TIOCBO/ P11/TIOCBO NC
A21 A21 A21

36 39 P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ NC
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

37 40 P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ NC
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

38 41 P14/TIOCAY/ P14/TIOCA1/ P14/TIOCA1/ P14/TIOCA1/ VSS
IRQO IRQO IRQO IRQO

39 42 P15/TIOCBY/ P15/TIOCB1/ P15/TIOCB1/ P15/TIOCB1/ NC
TCLKC TCLKC TCLKC TCLKC

40 43 P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ VSS
IRQ1 IRQ1 IRQ1 IRQ1

41 44 P17/TIOCB2/ P17/TIOCB2/ P17/TIOCB2/ P17/TIOCB2/ NC
TCLKD TCLKD TCLKD TCLKD

42 45 AVSS AVSS AVSS AVSS VSS

43 46 P97/DA1 P97/DA1 P97/DA1 P97/DA1 NC

44 47 P96/DA0 P96/DA0 P96/DA0 P96/DA0 NC

45 48 P47/AN7 P47/AN7 P47/AN7 PA7/AN7 NC

46 49 P46/AN6 P46/AN6 P46/AN6 P46/AN6 NC

47 50 P45/AN5 P45/AN5 P45/AN5 P45/AN5 NC

48 51 P44/AN4 P44/AN4 P44/AN4 P44/AN4 NC
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Section 1 Overview

Pin No. Pin Name

TFP-

100B Flash Memory

FP- FP- Programmable

100B 100A Mode 4 Mode 5 Mode 6 Mode 7 Mode*

49 52 P43/AN3 P43/AN3 P43/AN3 P43/AN3 NC

50 53 P42/AN2 P42/AN2 P42/AN2 P42/AN2 NC

51 54 P41/AN1 P41/AN1 P41/AN1 P41/AN1 NC

52 55 P40/ANO P40/ANO P40/ANO P40/ANO NC

53 56 Vref Vref Vref Vref VCC

54 57 AvVCC AVCC AVCC AVCC vCC

55 58 MDO MDO MDO MDO VSS

56 59 MD1 MD1 MD1 MD1 VSS

57 60 0sc2 0SsC2 0SC2 0SC2 NC

58 61 0sC1 0SC1 0SC1 0SC1 VSS

59 62 RES RES RES RES RES

60 63 NMI NMI NMI NMI vCcC

61 64 STBY STBY STBY STBY VvCC

62 65 VCC vce vce vce \Yele:

63 66 XTAL XTAL XTAL XTAL XTAL

64 67 VSS VSS VSS VSS VSS

65 68 EXTAL EXTAL EXTAL EXTAL EXTAL

66 69 FWE FWE FWE FWE FWE

67 70 MD2 MD2 MD2 MD2 VSS

68 71 PF7/$ PF7/¢ PF7/¢ PF7/¢ NC

69 72 AS AS AS PF6 NC

70 73 RD RD RD PF5 NC

71 74 HWR HWR HWR PF4 NC

72 75 PF3/LWR/ PF3/LWR/ PF3/LWR/ PF3/ADTRG/ NC
ADTRG/IRQ3  ADTRG/RQ3 ADTRG/IRQ3 IRQ3

73 76 PF2/WAIT PF2/WAIT PF2/WAIT PF2 NC

74 77 PF1/BACK/ PF1/BACK/ PF1/BACK/ PF1/BUZZ NC
BUZZ BUZZ BUZZ

75 78 PFO/BREQ/ PFO/BREQ/ PFO/BREQ/ PFO/IRQ2 vCC
IRQ2 IRQ2 IRQ2

76 79 P30/TxDO P30/TxD0 P30/TxDO P30/TxDO NC

77 80 P31/RxD0 P31/RxD0 P31/RxD0 P31/RxDO0 NC
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Section 1 Overview

Pin No. Pin Name

TFP-

100B Flash Memory

FP- FP- Programmable

100B 100A Mode 4 Mode 5 Mode 6 Mode 7 Mode*

78 81 P32/SCKO0/ P32/SCKO0/ P32/SCKO0/ P32/SCKO0/ NC
SDA1/IRQ4 SDA1/IRQ4 SDA1/IRQ4 SDA1/IRQ4

79 82 P33/TxD1/ P33/TxD1/ P33/TxD1/ P33/TxD1/ NC
SCL1 SCL1 SCL1 SCL1

80 83 P34/RxD1/ P34/RxD1/ P34/RxD1/ P34/RxD1/ NC
SDAO SDAO SDAO SDAO

81 84 P35/SCK1/ P35/SCK1/ P35/SCK1/ P35/SCK1/ NC
SCLO/IRQ5 SCLO/IRQ5 SCLO/IRQ5 SCLO/IRQ5

82 85 P36 P36 P36 P36 NC

83 86 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3 NC

84 87 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3 NC

85 88 P75/TMO3/ P75/TMO3/ P75/TMO3/ P75/TMO3/ NC
SCK3 SCK3 SCK3 SCK3

86 89 P74/TMO2/ P74/TMO2/ P74/TMO2/ P74/TMO2/ NC
MRES MRES MRES MRES

87 90 P73/TMO1/CS7 P73/TMO1/CS7 P73/TMO1/CS7 P73/TMO1 NC

88 91 P72/TMO0/CS6 P72/TMO0/CS6 P72/TMO0/CS6 P72/TMO0 NC

89 92 P71/TMRI23/ P71/TMRI23/ P71/TMRI23/ P71/TMRI23/ NC
TMCI23/CS5 TMCI23/CS5 TMCI23/CS5 TMCI23

90 93 P70/TMRI01/ P70/TMRI01/ P70/TMRI01/ P70/TMRI01/ NC
TMCI01/CS4 TMCI01/CS4 TMCI01/CS4 TMCIO1

91 94 PGO0/IRQ6 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6 NC

92 95 PG1/CS3/IRQ7 PG1/CS3/IRQ7 PG1/CS3/IRQ7 PG1/IRQ7 NC

93 96 PG2/Tx/CS2 PG2/Tx/CS2 PG2/Tx/CS2 PG2/Tx NC

94 97 PG3/Rx/CS1 PG3/Rx/CS1 PG3/Rx/CS1 PG3/Rx NC

95 98 PG4/CS0 PG4/CS0 PG4/CS0 PG4 NC

96 99 PEO/DO PEO/DO PEO/DO PEO NC

97 100 PE1/D1 PE1/D1 PE1/D1 PE1 NC

98 1 PE2/D2 PE2/D2 PE2/D2 PE2 NC

99 2 PE3/D3 PE3/D3 PE3/D3 PE3 VCC

100 3 PE4/D4 PE4/D4 PE4/D4 PE4 VSS

Note: * The NC should be left open.
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Section 1 Overview

Table1.2 Pin Arrangementsin Each Mode of H8S/2239 Group
Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV Flash Memory
FP-100B TBP-112A™" Programmable
FP-100BV  TBP-112AV*' Mode 4 Mode 5 Mode 6 Mode 7 Mode*?
1 B2 PES5/D5 PES5/D5 PES5/D5 PE5 OE
2 B1 PE6/D6 PE6/D6 PE6/D6 PE6 WE
3 D4 PE7/D7 PE7/D7 PE7/D7 PE7 CE
4 c2 D8 D8 D8 PDO DO
5 c1 D9 D9 D9 PD1 D1
6 D3 D10 D10 D10 PD2 D2
7 D2 D11 D11 D11 PD3 D3
8 D1 D12 D12 D12 PD4 D4
9 E4 D13 D13 D13 PD5 D5
10 E3 D14 D14 D14 PD6 D6
11 E1 D15 D15 D15 PD7 D7
12 E2, F3 cvce cvce cvce cvce Yoo
13 F1 A0 A0 PCO/AQ PCO A0
14 F2, F4 VSS VSS VSS VSS VSS
15 G1 Al Al PC1/A1 PC1 Al
16 G2 A2 A2 PC2/A2 PC2 A2
17 G3 A3 A3 PC3/A3 PC3 A3
18 H1 A4 A4 PC4/A4 PC4 A4
19 G4 A5 A5 PC5/A5 PC5 A5
20 H2 A6 A6 PC6/A6 PC6 A6
21 J1 A7 A7 PCT7IA7 PC7 A7
22 H3 PBO/A8/ PBO/A8/ PBO/A8/ PBO/TIOCA3 A8
TIOCA3 TIOCA3 TIOCA3
23 J2 PB1/A9/ PB1/A9/ PB1/A9/ PB1/TIOCB3 A9
TIOCB3 TIOCB3 TIOCB3
24 K1 PB2/A10/ PB2/A10/ PB2/A10/ PB2/TIOCC3 A10
TloCC3 Tlocc3 TlOCC3
25 J3 PB3/A11/ PB3/A11/ PB3/A11/ PB3/TIOCD3 All
TIOCD3 TIOCD3 TIOCD3
26 K2 PB4/A12/ PB4/A12/ PB4/A12/ PB4/TIOCA4 Al12
TIOCA4 TIOCA4 TIOCA4
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Section 1 Overview

Pin No. Pin Name

TFP-100B

TFP-100BV

TFP-100G

TFP-100GV Flash Memory

FP-100B TBP-112A™ Programmable

FP-100BV  TBP-112AV*' Mode 4 Mode 5 Mode 6 Mode 7 Mode*?

27 L2 PB5/A13/ PB5/A13/ PB5/A13/ PB5/TIOCB4  Al13
TIOCB4 TIOCB4 TIOCB4

28 H4 PB6/A14/ PB6/A14/ PB6/A14/ PB6/TIOCA5  Al4
TIOCA5 TIOCAS5 TIOCA5

29 K3 PB7/A15/ PB7/A15/ PB7/A15/ PB7/TIOCB5 Al5
TIOCB5 TIOCB5 TIOCB5

30 L3 PAO/A16 PAO/A16 PAO/A16 PAO A16

31 Ja PA1/AL7/ PAL1/AL7/ PA1/AL7/ PAL1/TxD2 Al7
TxD2 TxD2 TxD2

32 K4 PA2/A18/ PA2/A18/ PA2/A18/ PA2/RxD2 A18
RxD2 RxD2 RxD2

33 L4 PA3/A19/ PA3/A19/ PA3/A19/ PA3/SCK2 NC
SCK2 SCK2 SCK2

34 H5 P10/TIOCAO/ P10/TIOCAO/ P10/TIOCAO/ P10/TIOCAO0/ NC
DACKO/A20 DACKO/A20 DACKO/A20 DACKO

35 J5 P11/TIOCBO/ P11/TIOCBO/ P11/TIOCBO/ P11/TIOCBO/ NC
DACK1/A21 DACK1/A21 DACK1/A21  DACK1

36 L5 P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ NC
TCLKA/A22  TCLKA/A22  TCLKA/A22  TCLKA

37 K5 P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ NC
TCLKB/A23  TCLKB/A23  TCLKB/A23  TCLKB

38 J6 P14/TIOCAl/ P14/TIOCA1 P14/TIOCAl/ P14/TIOCAl/ VSS
IRQO IRQO IRQO IRQO

39 L6 P15/TIOCB1/ P15/TIOCB1/ P15/TIOCB1L/ P15/TIOCB1/ NC
TCLKC TCLKC TCLKC TCLKC

40 K6 P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ VSS
IRQ1 IRQ1 IRQ1 IRQ1

41 H6 P17/TIOCB2/ P17/TIOCB2/ P17/TIOCB2/ P17/TIOCB2/ NC
TCLKD TCLKD TCLKD TCLKD

42 K7, L7 AVSS AVSS AVSS AVSS VSS

43 J7 P97/DA1 P97/DA1 P97/DA1 P97/DA1 NC

44 L8 P96/DA0 P96/DA0 P96/DA0 P96/DA0 NC

45 H7 P47/AN7 P47/AN7 P47/AN7 P47/AN7 NC

46 K8 P46/AN6 P46/AN6 P46/AN6 P46/AN6 NC

47 L9 P45/AN5 P45/AN5 P45/AN5 P45/AN5 NC
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Section 1 Overview

Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV Flash Memory
FP-100B TBP-112A™ Programmable
FP-100BV ~ TBP-112AV*' Mode 4 Mode 5 Mode 6 Mode 7 Mode™?
48 J8 P44/AN4 P44/AN4 P44/AN4 P44/AN4 NC
49 K9 P43/AN3 P43/AN3 P43/AN3 P43/AN3 NC
50 L10 P42/AN2 P42/AN2 P42/AN2 P42/AN2 NC
51 K10 P41/AN1 P41/AN1 P41/AN1 P41/AN1 NC
52 K11 P40/ANO P40/ANO P40/ANO P40/ANO NC
53 H8 Vref Vref Vref Vref VCC
54 J10 AVCC AVCC AVCC AVCC vVCC
55 Ji1 MDO MDO MDO MDO VSS
56 H9 MD1 MD1 MD1 MD1 VSS
57 H10 0sc2 0sc2 0sc2 0sc2 NC
58 H11 0osc1 osci1 0sc1 osci1 VSS
59 G8 RES RES RES RES RES
60 G9 NMI NMI NMI NMI vCC
61 G11 STBY STBY STBY STBY \Yele
62 F9, G10 vCC vCcC vCC \Yelo VvCC
63 F11 XTAL XTAL XTAL XTAL XTAL
64 F8, F10 VSS VSS VSS VSS VSS
65 E11 EXTAL EXTAL EXTAL EXTAL EXTAL
66 E10 FWE FWE FWE FWE FWE
67 E9 MD2 MD2 MD2 MD2 VSS
68 D11 PF7/¢ PF7/¢ PF7/¢ PF7/¢ NC
69 ES AS AS AS PF6 NC
70 D10 RD RD RD PF5 NC
71 c11 HWR HWR HWR PF4 NC
72 D9 PF3/LWR/ PF3/LWR/ PF3/LWR/ PF3/ NC
ADTRG/ ~ ADTRG/ ~ ADTRG/  ADTRG/
IRQ3 IRQ3 IRQ3 IRQ3
73 C10 PF2/WAIT PF2/WAIT PF2/WAIT PF2 NC
74 B11 PF1/BACK/  PF1/BACK/  PF1/BACK/  PF1/BUZZ NC
BUZZ BUZZ BUZZ
75 c9 PFO/BREQ/ PFO/BREQ/  PFO/BREQ/  PFOIRQ2  VCC
IRQ2 IRQ2 IRQ2
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Section 1 Overview

Pin No. Pin Name

TFP-100B

TFP-100BV

TFP-100G

TFP-100GV Flash Memory

FP-100B TBP-112A™ Programmable

FP-100BV  TBP-112AV*' Mode 4 Mode 5 Mode 6 Mode 7 Mode*?

76 A10 P30/TxDO P30/TxDO P30/TxDO P30/TxDO NC

77 D8 P31/RxDO P31/RxD0 P31/RxDO P31/RxD0 NC

78 B9 P32/SCKO/  P32/SCKO/  P32/SCKO/  P32/SCKO/  NC
SDA1/IRQ4 SDA1/IRQ4 SDALIRQ4  SDA1/IRQ4

79 A9 P33/TxD1/ P33/TxD1/ P33/TxD1/ P33/TxD1/ NC
ScCL1 ScL1 SCL1 SscL1

80 cs P34/RxD1/ P34/RxD1/ P34/RxD1/ P34/RxD1/ NC
SDAO SDAO SDAO SDAO

81 B8 P35/SCK1/  P35/SCK1/  P35/SCK1/  P35/SCK1/  NC
SCLO/IRQ5  SCLO/IRQ5  SCLOMRQ5  SCLO/MIRQ5

82 A8 P36 P36 P36 P36 NC

83 D7 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3 NC

84 c7 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3 NC

85 A7 P75/TMO3/  P75/TMO3/  P75/TMO3/  P75/TMO3/ NC
SCK3 SCK3 SCK3 SCK3

86 B7 P74/TMO2/  P74/TMO2/  P74/TMO2/  P74/TMO2/ NC
MRES MRES MRES MRES

87 c6 P73/TMO1/  P73/TMO1l/  P73/TMO1/  P73/TMOl/ NC
TEND1/CS7 TEND1/CS7 TEND1/CS7 TENDI

88 A6 P72/TMO0O/  P72/TMOO/  P72/TMOO/  P72/TMOO/  NC
TENDO/CS6 TENDO/CS6 TENDO/CS6 TENDO

89 B6 P71/TMRI23/ P7L/TMRI23/ P71/TMRI23/ P71/TMRI23/ NC
TMCI23/ TMCI23/ TMCI23/ TMCI23/
DREQ1/CS5 DREQ1/CS5 DREQ1/CS5 DREQf

90 D6 P70/TMRIO1/ P70/TMRIO1/ P70/TMRIO1/ P70/TMRIO1/ NC
TMCIOL/  TMCIO1/  TMCI0OY/  TMCI01/
DREQO/CS4 DREQO/CS4 DREQO/CS4 DREQO

91 A5 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6 NC

92 B5 PG1/CS3/ PG1/CS3/ PG1/CS3/ PG1/IRQ7 NC
IRQ7 IRQ7 IRQ7

93 C5 PG2/CS2 PG2/CS2 PG2/CS2 PG2 NC

94 A4 PG3/CS1 PG3/CS1 PG3/CST PG3 NC

95 D5 PG4/CS0 PG4/CS0 PG4/CS0 PG4 NC

96 B4 PEO/DO PEO/DO PEO/DO PEO NC

97 A3 PE1/D1 PE1/D1 PE1/D1 PE1 NC
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Section 1 Overview

Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV Flash Memory
FP-100B TBP-112A™ Programmable
FP-100BV ~ TBP-112AV*' Mode 4 Mode 5 Mode 6 Mode 7 Mode*?
98 c4 PE2/D2 PE2/D2 PE2/D2 PE2 NC
99 B3 PE3/D3 PE3/D3 PE3/D3 PE3 \Y/ele:
100 A2 PE4/D4 PE4/D4 PE4/D4 PE4 VSS

Notes: 1. Supported only by HD64F2239.
2. The NC should be left open.
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Section 1 Overview

Table1.3 Pin Arrangementsin Each Mode of H8S/2238 Group
Pin No. Pin Name

TFP-100B

TFP-100BV BP-112"*

TFP-100G BP-112V*2

TFP-100GV TBP-112A™ Flash Memory

FP-100B FP-100A™* TBP- Programmable

FP-100BV  FP-100AV*' 112AV*?  Mode 4 Mode 5 Mode 6 Mode 7 Mode™*

1 4 B2 PE5/D5 PE5/D5 PE5/D5 PE5 OE

2 5 B1 PE6/D6 PE6/D6 PE6/D6 PE6 WE

3 6 D4 PE7/D7 PE7/D7 PE7/D7 PE7 CE

4 7 c2 D8 D8 D8 PDO DO

5 8 c1 D9 D9 D9 PD1 D1

6 9 D3 D10 D10 D10 PD2 D2

7 10 D2 D11 D11 D11 PD3 D3

8 11 D1 D12 D12 D12 PD4 D4

9 12 E4 D13 D13 D13 PD5 D5

10 13 E3 D14 D14 D14 PD6 D6

11 14 = D15 D15 D15 PD7 D7

12 15 E2, F3 cvce cvce cvce cvce VvCC

13 16 F1 A0 A0 PCO/AOQ PCO A0

14 17 F2, F4 VSS VSS VSS VSS VSS

15 18 G1 Al Al PC1/A1 PC1 Al

16 19 G2 A2 A2 PC2/A2 PC2 A2

17 20 G3 A3 A3 PC3/A3 PC3 A3

18 21 H1 A4 A4 PC4/A4 PC4 A4

19 22 G4 A5 A5 PC5/A5 PC5 A5

20 23 H2 A6 A6 PC6/A6 PC6 A6

21 24 J1 A7 A7 PC7/A7 PC7 A7

22 25 H3 PBO/AS/ PBO/AS/ PBO/A8/ PBO/ A8
TIOCA3 TIOCA3 TIOCA3 TIOCA3

23 26 J2 PB1/A9/ PB1/A9/ PB1/A9/ PB1/ A9
TIOCB3 TIOCB3 TIOCB3 TIOCB3

24 27 K1 PB2/A10/  PB2/A10/  PB2/A10/  PB2/ A10
Tlocc3 Tlocc3 TIOCC3 Tlocc3

25 28 J3 PB3/A1l/  PB3/A11/  PB3/All1/  PB3/ All
TIOCD3 TIOCD3 TIOCD3 TIOCD3

26 29 K2 PB4/A12/  PB4/A12/  PB4/Al12/ PB4/ Al2
TIOCA4 TIOCA4 TIOCA4 TIOCA4
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Section 1 Overview

Pin No. Pin Name

TFP-100B

TFP-100BV BP-112*?

TFP-100G BP-112V*?

TFP-100GV TBP-112A™ Flash Memory

FP-100B FP-100A** TBP- Programmable

FP-100BV  FP-100AV"' 112AV*?  Mode 4 Mode 5 Mode 6 Mode 7 Mode™*

27 30 L2 PB5/A13/  PB5/A13/  PB5/A13/  PB5/ Al13
TIOCB4 TIOCB4 TIOCB4 TIOCB4

28 31 H4 PB6/A14/  PB6/A14/  PB6/Al4/  PB6/ Al4
TIOCAS TIOCAS TIOCAS5 TIOCAS

29 32 K3 PB7/A15/  PB7/A15/  PB7/A15/  PB7/ Al15
TIOCB5 TIOCB5 TIOCB5 TIOCB5

30 33 L3 PAO/A16 PAO/AL6 PAO/AL6 PAO Al16

31 34 J4 PAL1/Al7/  PA1/A17/  PAL/A17/  PAL/TxD2 Al7
TxD2 TxD2 TxD2

32 35 K4 PA2/A18/  PA2/A18/  PA2/A18/  PA2/ Al18
RxD2 RxD2 RxD2 RxD2

33 36 L4 PA3/A19/  PA3/A19/  PA3/A19/  PA3/ NC
SCK2 SCK2 SCK2 SCK2

34 37 H5 P10/ P10/ P10/ P10/ NC
TIOCAO/ TIOCAO/ TIOCAO/ TIOCAO
A20 A20 A20

35 38 J5 P11/ P11/ P11/ P11/ NC
TIOCBO/ TIOCBO/ TIOCBO/ TIOCBO
A21 A21 A21

36 39 L5 P12/ P12/ P12/ P12/ NC
TIocco/ Tiocco/ TIOCCO/ TIocco/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

37 40 K5 P13/ P13/ P13/ P13/ NC
TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

38 41 J6 P14/ P14/ P14/ P14/ VSS
TIOCAY/ TIOCAY/ TIOCAL/ TIOCAY/
IRQO IRQO IRQO IRQO

39 42 L6 P15/ P15/ P15/ P15/ NC
TIOCBY/ TIOCBY/ TIOCBY/ TIOCBY/
TCLKC TCLKC TCLKC TCLKC

40 43 K6 P16/ P16/ P16/ P16/ VSS
TIOCA2/ TIOCA2/ TIOCA2/ TIOCA2/
IRQ1 IRQ1 IRQ1 IRQ1

41 44 H6 P17/ P17/ P17/ P17/ NC
TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/
TCLKD TCLKD TCLKD TCLKD
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Section 1 Overview

Pin No. Pin Name
TFP-100B
TFP-100BV BP-112*
TFP-100G BP-112V*
TFP-100GV TBP-112A™ Flash Memory
FP-100B FP-100A** TBP- Programmable
FP-100BV ~ FP-100AV"' 112AV*?  Mode 4 Mode 5 Mode 6 Mode 7 Mode™*
42 45 K7, L7 AVSS AVSS AVSS AVSS VSS
43 46 J7 P97/DA1 P97/DA1 P97/DA1 P97/DA1 NC
44 47 L8 P96/DA0  P96/DA0  P96/DA0 P96/DA0  NC
45 48 H7 P4A7/AN7  PA47/AN7  P47/AN7 P47/AN7  NC
46 49 K8 P46/AN6  P46/AN6  P46/AN6 P46/AN6  NC
47 50 L9 P45/AN5  P45/AN5  P45/ANS P45/AN5  NC
48 51 J8 P44/AN4A  P44/AN4  P44/AN4  P44IAN4  NC
49 52 K9 P43/AN3  P43/AN3  P43/AN3 P43/AN3  NC
50 53 L10 P42/AN2 P42/AN2 P42/AN2 P42/AN2 NC
51 54 K10 P41/AN1  P41/AN1  P41/AN1 P41/AN1  NC
52 55 K11 P40/ANO  P40/ANO  P40/ANO P40/ANO  NC
53 56 H8 Vref Vref Vref Vref VCC
54 57 J10 AVCC AVCC AvVCC AVCC vCC
55 58 Ji1 MDO MDO MDO MDO VSS
56 59 HY MD1 MD1 MD1 MD1 VSS
57 60 H10 0sc2 0sc2 0sc2 0sc2 NC
58 61 H11 0osc1 0osc1 osc1 0osc1 VSS
59 62 G8 RES RES RES RES RES
60 63 G9 NMI NMI NMI NMI vCC
61 64 G11 STBY STBY STBY STBY vCcCe
62 65 F9,G10 VCC VCC vCC VvCC VCC
63 66 F11 XTAL XTAL XTAL XTAL XTAL
64 67 F8,F10 VSS VSS VSS VSS VSS
65 68 E11 EXTAL EXTAL EXTAL EXTAL EXTAL
66 69 E10 FWE FWE FWE FWE FWE
67 70 E9 MD2 MD2 MD2 MD2 VSS
68 71 D11 PF7/¢ PF7/¢ PF7/¢ PF7/¢ NC
69 72 E8 AS AS AS PF6 NC
70 73 D10 RD RD RD PF5 NC
71 74 c11 HWR HWR HWR PF4 NC
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Section 1 Overview

Pin No. Pin Name

TFP-100B

TFP-100BV BP-112*?

TFP-100G BP-112V*?

TFP-100GV TBP-112A™ Flash Memory

FP-100B FP-100A** TBP- Programmable

FP-100BV  FP-100AV"' 112AV*?  Mode 4 Mode 5 Mode 6 Mode 7 Mode™*

72 75 D9 PF3/ PF3/ PF3/ PF3/ NC**
LWR/ LWR/ LWR/ ADTRG/
ADTRG/ ADTRG/ ADTRG/ IRQ3
IRQ3 IRQ3 IRQ3

73 76 C10 PF2/ PF2/ PF2/ PF2 NC
WAIT WAIT WAIT

74 77 B11 PF1/ PF1/ PF1/ PF1/ NC
BACK/ BACK/ BACK/ BUZZ
BUZZ BUZZ BUZZ

75 78 c9 PFoO/ PFO/ PFoO/ PFO/ VCC
BREQ/ BREQ/ BREQY IRQ2
IRQ2 IRQ2 IRQ2

76 79 A10 P30/ P30/ P30/ P30/ NC
TxDO TxDO TxDO TxDO

77 80 D8 P31/ P31/ P31/ P31/ NC
RxDO RxDO RxDO RxDO

78 81 B9 P32/ P32/ P32/ P32/ NC
SCKO/ SCKO/ SCKO/ SCKO/
SDAL/ SDAL/ SDAL/ SDAL/
IRQ4 IRQ4 IRQ4 IRQ4

79 82 A9 P33/ P33/ P33/ P33/ NC
TxD1/ TxD1/ TxD1/ TxD1/
SCL1 SCL1 ScL1 SCL1

80 83 cs P34/ P34/ P34/ P34/ NC
RxD1/ RxD1/ RxD1/ RxD1/
SDAO SDAO SDAO SDAO

81 84 BS P35/ P35/ P35/ P35/ NC
SCK1/ SCK1/ SCK1/ SCK1/
scLo/ scLo/ ScLo/ scLo/
IRQ5 IRQ5 IRQ5 IRQ5

82 85 A8 P36 P36 P36 P36 NC

83 86 D7 P77/ P77/ P77/ P77/ NC
TxD3 TxD3 TxD3 TxD3

84 87 c7 P76/ P76/ P76/ P76/ NC
RxD3 RxD3 RxD3 RxD3
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Section 1 Overview

Pin No. Pin Name

TFP-100B

TFP-100BV BP-112*?

TFP-100G BP-112V*?

TFP-100GV TBP-112A™ Flash Memory

FP-100B FP-100A** TBP- Programmable

FP-100BV  FP-100AV*' 112AV*?  Mode 4 Mode 5 Mode 6 Mode 7 Mode™*

85 88 A7 P75/TMO3/ P75/TMO3/ P75/TMO3/ P75/TMO3/ NC
SCK3 SCK3 SCK3 SCK3

86 89 B7 P74/TMO2/ P74/TMO2/ P74/TMO2/ P74/TMO2/ NC
MRES MRES MRES MRES

87 90 c6 P73/TMO1/ P73/TMO1l/ P73/TMO1/ P73/TMO1 NC
CS7 CS7 CS7

88 91 A6 P72/TMOO/ P72/TMOO/ P72/TMOO/ P72/TMOO NC
CS6 CS6 CS6

89 92 B6 P71/TMRI23/ P71/TMRI23/ P7L/TMRI23/ P71/TMRI23/ NC
TMCI23/ TMCI23/ TMCI23/ TMCI23
CS5 CS5 CS5

90 93 D6 P70/TMRIO1/ P70/TMRIOL/ P70/TMRIO1/ P70/TMRIO1/ NC
TMCIl01/ TMCIl01/ T™MCI01/ TMCI01
CS4 CS4 Cs4

91 94 A5 PGO/IRQ6 PGO/RQ6 PGOIRQ6 PGOIRQ6 NC

92 95 B5 PG1/CS3/ PG1/CS3/ PG1/CS3/ PG1IRQ7 NC
IRQ7 IRQ7 IRQ7

93 96 c5 PG2/CS2 PG2/CS2 PG2/CS2 PG2 NC

94 97 A4 PG3/CS1  PG3/CST PG3/CS1  PG3 NC

95 98 D5 PG4/CSO PG4/CSO PG4/CS0 PG4 NC

96 99 B4 PEO/DO PEO/DO PEO/DO PEO NC

97 100 A3 PE1/D1 PE1/D1 PE1/D1 PE1 NC

98 1 c4 PE2/D2 PE2/D2 PE2/D2 PE2 NC

99 2 B3 PE3/D3 PE3/D3 PE3/D3 PE3 (Yoo

100 3 A2 PE4/D4 PE4/D4 PE4/D4 PE4 VSS

Notes: 1. Supported only by the H8S/2238B and H8S/2236B.
2. Supported only by the HD64F2238R.
3. Vcc in the H8S/2238B and H8S/2236B.
4. The NC should be left open.
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Section 1 Overview

Table1l.4 Pin Arrangementsin Each Mode of H8S/2237 Group

Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV
FP-100B FP-100A PROM
FP-100BV  FP-100AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*
1 4 PE5/D5 PE5/D5 PE5/D5 PES NC
2 5 PE6/D6 PE6/D6 PE6/D6 PE6 NC
3 6 PE7/D7 PE7/D7 PE7/D7 PE7 NC
4 7 D8 D8 D8 PDO DO
5 8 D9 D9 D9 PD1 D1
6 9 D10 D10 D10 PD2 D2
7 10 D11 D11 D11 PD3 D3
8 11 D12 D12 D12 PD4 D4
9 12 D13 D13 D13 PD5 D5
10 13 D14 D14 D14 PD6 D6
11 14 D15 D15 D15 PD7 D7
12 15 VCC VCC VCC VCC VCC
13 16 A0 AO PCO/AO PCO AO
14 17 VSS VSS VSS VSS VSS
15 18 Al Al PC1/A1 PC1 Al
16 19 A2 A2 PC2/A2 PC2 A2
17 20 A3 A3 PC3/A3 PC3 A3
18 21 A4 A4 PC4/A4 PC4 A4
19 22 A5 A5 PC5/A5 PC5 A5
20 23 A6 A6 PC6/A6 PC6 A6
21 24 A7 A7 PC7/A7 PC7 A7
22 25 PBO/A8/ PBO/A8/ PBO/A8/ PBO/ A8
TIOCA3 TIOCA3 TIOCA3 TIOCA3
23 26 PB1/A9/ PB1/A9/ PB1/A9/ PB1/ OE
TIOCB3 TIOCB3 TIOCB3 TIOCB3
24 27 PB2/A10/ PB2/A10/ PB2/A10/ PB2/ Al10
TIOCC3 TIOCC3 TIOCC3 TIOCC3
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Section 1 Overview

Pin No. Pin Name

TFP-100B

TFP-100BV

TFP-100G

TFP-100GV

FP-100B FP-100A PROM

FP-100BV FP-100AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*

25 28 PB3/A11/ PB3/A11/ PB3/A11/ PB3/ All
TIOCD3 TIOCD3 TIOCD3 TIOCD3

26 29 PB4/A12/ PB4/A12/ PB4/A12/ PB4/ Al2
TIOCA4 TIOCA4 TIOCA4 TIOCA4

27 30 PB5/A13/ PB5/A13/ PB5/A13/ PB5/ Al3
TIOCB4 TIOCB4 TIOCB4 TIOCB4

28 31 PB6/A14/ PB6/A14/ PB6/A14/ PB6/ Al4
TIOCA5 TIOCA5 TIOCA5 TIOCA5

29 32 PB7/A15/ PB7/A15/ PB7/A15/ PB7/ Al5
TIOCB5 TIOCB5 TIOCB5 TIOCB5

30 33 PAO/A16 PAO/A16 PAO/A16 PAO Al6

31 34 PA1/A17/ PA1/A17/ PA1/A17/ PA1/TxD2 VCC
TxD2 TxD2 TxD2

32 35 PA2/A18/ PA2/A18/ PA2/A18/ PA2/RxD2 VCC
RxD2 RxD2 RxD2

33 36 PA3/AL19/ PA3/A19/ PA3/A19/ PA3/SCK2 NC
SCK2 SCK2 SCK2

34 37 P10/ P10/ P10/ P10/ NC
TIOCAO/A20 TIOCAO/A20 TIOCAO/A20 TIOCAO

35 38 P11/ P11/ P11/ P11/ NC
TIOCBO/A21 TIOCBO0O/A21 TIOCBO/A21 TIOCBO

36 39 P12/ P12/ P12/ P12/ NC
TIOCCO/ TIOCCO/ TIOCCO/ TIOCCO/
TCLKA/A22  TCLKA/A22 TCLKA/A22 TCLKA

37 40 P13/ P13/ P13/ P13/ NC
TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/
TCLKB/A23  TCLKB/A23 TCLKB/A23 TCLKB

38 41 P14/ P14/ P14/ P14/ NC
TIOCA1/ TIOCA1/ TIOCA1/ TIOCA1/
IRQO IRQO IRQO0 IRQO

39 42 P15/ P15/ P15/ P15/ NC
TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/
TCLKC TCLKC TCLKC TCLKC
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Section 1 Overview

Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV
FP-100B FP-100A PROM
FP-100BV  FP-100AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*
40 43 P16/ P16/ P16/ P16/ NC
TIOCA2/ TIOCA2/ TIOCA2/ TIOCA2/
IRQ1 IRQ1 IRQ1 IRQ1
41 44 P17/ P17/ P17/ P17/ NC
TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/
TCLKD TCLKD TCLKD TCLKD
42 45 AVSS AVSS AVSS AVSS VSS
43 46 P97/DA1 P97/DA1 P97/DA1 P97/DA1 NC
44 47 P96/DA0 P96/DA0 P96/DA0 P96/DA0 NC
45 48 PA47/AN7 PA7/ANT P47/AN7 PA47/AN7 NC
46 49 P46/AN6 P46/AN6 P46/AN6 P46/AN6 NC
47 50 P45/AN5 P45/ANS P45/AN5 P45/AN5 NC
48 51 P44/AN4 P44/AN4 P44/AN4 P44/AN4 NC
49 52 P43/AN3 P43/AN3 P43/AN3 P43/AN3 NC
50 53 P42/AN2 P42/AN2 P42/AN2 P42/AN2 NC
51 54 P41/AN1 P41/AN1 P41/AN1 P41/AN1 NC
52 55 P40/ANO P40/ANO P40/ANO P40/ANO NC
53 56 Vref Vref Vref Vref VCC
54 57 AVCC AVCC AVCC AVCC VCC
55 58 MDO MDO MDO MDO VSS
56 59 MD1 MD1 MD1 MD1 VSS
57 60 0osc2 0sc2 0osc2 0osc2 NC
58 61 0osc1 0OscC1 0oscC1 0OscC1 NC
59 62 RES RES RES RES VPP
60 63 NMI NMI NMI NMI A9
61 64 STBY STBY STBY STBY VSS
62 65 VCC VCC VCC VCC VCC
63 66 XTAL XTAL XTAL XTAL NC
64 67 VSS VSS VSS VSS VSS
65 68 EXTAL EXTAL EXTAL EXTAL NC
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Section 1 Overview

Pin No. Pin Name

TFP-100B

TFP-100BV

TFP-100G

TFP-100GV

FP-100B FP-100A PROM

FP-100BV FP-100AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*

66 69 FWE FWE FWE FWE NC

67 70 MD2 MD2 MD2 MD2 VSS

68 71 PF7/d PF7/¢ PF7/d PF7/d NC

69 72 AS AS AS PF6 NC

70 73 RD RD RD PF5 NC

71 74 HWR HWR HWR PF4 NC

72 75 PF3/LWR/ PF3/LWR/ PF3/LWR/ PF3/ADTRG/ NC
ADTRG/ ADTRG/ ADTRG/ IRQ3
IRQ3 IRQ3 IRQ3

73 76 PF2/WAIT PF2/WAIT PF2/WAIT PF2 CE

74 77 PF1/BACK/ PF1/BACK/ PF1/BACK/  PFl1/BUZZ PGM
BUZZ BUZZ BUZZ

75 78 PFO/BREQ/ PFO/BREQ/ PFO/BREQ/ PFO/IRQ2 NC
IRQ2 IRQ2 IRQ2

76 79 P30/TxDO P30/TxD0 P30/TxDO P30/TxDO0 NC

77 80 P31/RxDO0 P31/RxDO0 P31/RxDO0 P31/RxDO0 NC

78 81 P32/SCKO/  P32/SCKO/  P32/SCKO/  P32/SCKO/ NC
IRQ4 IRQ4 IRQ4 IRQ4

79 82 P33/TxD1 P33/TxD1 P33/TxD1 P33/TxD1 NC

80 83 P34/RxD1 P34/RxD1 P34/RxD1 P34/RxD1 NC

81 84 P35/SCK1/  P35/SCK1/  P35/SCK1/ P35/SCK1/ NC
IRQ5 IRQ5 IRQ5 IRQ5

82 85 P36 P36 P36 P36 NC

83 86 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3 NC

84 87 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3 NC

85 88 P75/SCK3 P75/SCK3 P75/SCK3 P75/SCK3 NC

86 89 P74/MRES P74/MRES P74/MRES P74/MRES NC

87 90 P73/TMO1/  P73/TMO1/ P73/TMO1/  P73/TMO1 NC
CSs7 CS7 CSs7
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Section 1 Overview

Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV
FP-100B FP-100A PROM
FP-100BV FP-100AV Mode 4 Mode 5 Mode 6 Mode 7 Mode*
88 91 P72/TMO0/ P72/TMO0/ P72/TMO0/ P72/TMO0 NC
CS6 CS6 CS6
89 92 P71/CS5 P71/CS5 P71/CS5 P71 NC
90 93 P70/ P70/ P70/ P70/ NC
TMRI01/ TMRIOL/ TMRI01/ TMRI01/
MZIOU MCIOl/ MJIOl/ TMCIO1
Cs4 CSs4 Cs4
91 94 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6 NC
92 95 PG1/CS3/ PG1/CS3/ PG1/CS3/ PG1/IRQ7 NC
IRQ7 IRQ7 IRQ7
93 96 PG2/CS2 PG2/CS2 PG2/CS2 PG2 NC
94 97 PG3/CSHt PG3/CSH1 PG3/CSH1 PG3 NC
95 98 PG4/CS0 PG4/CS0 PG4/CS0 PG4 NC
96 99 PEO/DO PEO/DO PEO/DO PEO NC
97 100 PE1/D1 PE1/D1 PE1/D1 PE1 NC
98 1 PE2/D2 PE2/D2 PE2/D2 PE2 NC
99 2 PE3/D3 PE3/D3 PE3/D3 PE3 NC
100 3 PE4/D4 PE4/D4 PE4/D4 PE4 NC

Note: * The NC should be left open.
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Section 1 Overview

Tablel5 Pin Arrangementsin Each Mode of H8S/2227 Group

Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV Flash Memory
FP-100B*' FP-100A™? Programmable
FP-100BV*' FP-100AV** Mode 4 Mode 5 Mode 6 Mode 7 Mode™*
1 4 PES5/D5 PES5/D5 PES5/D5 PE5 OE
2 5 PE6/D6 PE6/D6 PE6/D6 PE6 WE
3 6 PE7/D7 PE7/D7 PE7/D7 PE7 CE
4 7 D8 D8 D8 PDO DO
5 8 D9 D9 D9 PD1 D1
6 9 D10 D10 D10 PD2 D2
7 10 D11 D11 D11 PD3 D3
8 11 D12 D12 D12 PD4 D4
9 12 D13 D13 D13 PD5 D5
10 13 D14 D14 D14 PD6 D6
11 14 D15 D15 D15 PD7 D7
12 15 vCC vCC vCC vCC vCC
13 16 A0 A0 PCO/A0 PCO A0
14 17 VSS VSS VSS VSS VSS
15 18 Al Al PC1/A1 PC1 Al
16 19 A2 A2 PC2/A2 PC2 A2
17 20 A3 A3 PC3/A3 PC3 A3
18 21 A4 A4 PC4/A4 PC4 A4
19 22 A5 A5 PC5/A5 PC5 A5
20 23 A6 A6 PC6/A6 PC6 A6
21 24 A7 A7 PC7/A7 PC7 A7
22 25 PBO/A8 PBO/AS PBO/A8 PBO A8
23 26 PB1/A9 PB1/A9 PB1/A9 PB1 A9
24 27 PB2/A10  PB2/A10 PB2/A10 PB2 A10
25 28 PB3/A11  PB3/Al1l PB3/A11l PB3 All
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Section 1 Overview

Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV Flash Memory
FP-100B*' FP-100A™*? Programmable
FP-100BV** FP-100AV** Mode 4 Mode 5 Mode 6 Mode 7 Mode™*
26 29 PB4/A12  PB4/Al12 PB4/A12 PB4 Al12
27 30 PB5/A13  PB5/Al13 PB5/A13 PB5 Al13
28 31 PB6/Al14  PB6/Al4 PB6/A14 PB6 Al4
29 32 PB7/A15  PB7/Al15 PB7/A15 PB7 A15
30 33 PAO/A16  PAO/ALG PAO/AL6 PAO Al6
31 34 PA1/Al7  PA1/Al7 PAL/AL7 PAl Al7
32 35 PA2/A18  PA2/A18 PA2/A18 PA2 A18
33 36 PA3/A19  PA3/A19 PA3/A19 PA3 NC
34 37 P10/ P10/ P10/ P10/ NC
TIOCAO/  TIOCAO/ TIOCAO/ TIOCAO
A20 A20 A20
35 38 P11/ P11/ P11/ P11/ NC
TIOCBO/  TIOCBO/ TIOCBO/ TIOCBO
A21 A21 A21
36 39 P12/ P12/ P12/ P12/ NC
TIOCCO/  TIOCCO/ TIoCcCo/ TIoCCo/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA
37 40 P13/ P13/ P13/ P13/ NC
TIOCDO/  TIOCDO/ TIOCDO/ TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB
38 41 P14/ P14/ P14/ P14/ VSS
TIOCA1/  TIOCA1/ TIOCAL/ TIOCAL/
IRQO IRQO IRQO [RQO
39 42 P15/ P15/ P15/ P15/ NC
TIOCB1/  TIOCB1/ TIOCB1/ TIOCB1/
TCLKC TCLKC TCLKC TCLKC
40 43 P16/ P16/ P16/ P16/ VSS
TIOCA2/  TIOCA2/ TIOCA2/ TIOCA2/
IRQ1 IRQ1 IRQ1 IRQT
41 44 P17/ P17/ P17/ P17/ NC
TIOCB2/  TIOCB2/ TIOCB2/ TIOCB2/
TCLKD TCLKD TCLKD TCLKD
42 45 AVSS AVSS AVSS AVSS VSS
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Section 1 Overview

Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV Flash Memory
FP-100B*' FP-100A™*? Programmable
FP-100BV** FP-100AV** Mode 4 Mode 5 Mode 6 Mode 7 Mode**
43 46 P97 P97 P97 P97 NC
44 47 P96 P96 P96 P96 NC
45 48 PA7TIAN7  P4T7/AN7 PA47/AN7 P47/IAN7 NC
46 49 P46/AN6  P46/ANG P46/ANG P46/ANG NC
a7 50 P45/AN5  P45/ANS P45/AN5 P45/AN5 NC
48 51 P44/AN4  P44/AN4 P44/AN4 P44/AN4 NC
49 52 P43/AN3  P43/AN3 P43/AN3 P43/AN3 NC
50 53 P42/AN2  P42/AN2 P42/AN2 P42/AN2 NC
51 54 P41/AN1  P41/AN1 P41/AN1 P41/AN1 NC
52 55 P40/ANO  P40/ANO P40/ANO P40/ANO NC
53 56 Vref Vref Vref Vref VCC
54 57 AvVCC AvVCC AvVCC AvVCC vVCC
55 58 MDO MDO MDO MDO VSS
56 59 MD1 MD1 MD1 MD1 VSS
57 60 0sCc2 0sC2 0sc2 0sc2 NC
58 61 0scC1 0osc1 0scC1 0scC1 VSS
59 62 RES RES RES RES RES
60 63 NMI NMI NMI NMI VCC
61 64 STBY STBY STBY STBY vCC
62 65 vcC VCC vCC vCC vCC
63 66 XTAL XTAL XTAL XTAL XTAL
64 67 VSS VSS VSS VSS VSS
65 68 EXTAL EXTAL EXTAL EXTAL EXTAL
66 69 FWE FWE FWE FWE FWE
67 70 MD2 MD2 MD2 MD2 VSS
68 71 PF7/$ PF7/¢ PF7/$ PF7/¢ NC
69 72 AS AS AS PF6 NC
70 73 RD RD RD PF5 NC
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Section 1 Overview

Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV Flash Memory
FP-100B*' FP-100A™*? Programmable
FP-100BV** FP-100AV** Mode 4 Mode 5 Mode 6 Mode 7 Mode™?
71 74 HWR HWR HWR PF4 NC
72 75 PF3/LWR/ PF3/LWR/  PF3/LWR/  PF3/ vCcC
ADTRG/ ADTRG/ ADTRG/ ADTRG/
IRQ3 IRQ3 IRQ3 IRQ3
73 76 PF2/WAIT PF2/WAIT  PF2/WAIT  PF2 NC
74 77 PF1/BACK/ PF1/BACK/ PF1/BACK/ PF1/BUZZ NC
BUZZ BUZZ BUZZ
75 78 PFO/BREQ/ PFO/BREQ/ PFO/BREQ/ PFO/RQ2  VCC
IRQ2 IRQ2 IRQ2
76 79 P30/TxDO  P30/TxDO  P30/TxDO  P30/TxDO  NC
77 80 P31/RxD0 P31/RxDO  P31/RxDO  P31/RxDO  NC
78 81 P32/SCKO/ P32/SCKO/  P32/SCKO/ P32/SCKO/ NC
IRQ4 IRQ4 IRQ4 IRQ4
79 82 P33/TxD1 P33/TxD1  P33/TxD1  P33/TxD1  NC
80 83 P34/RxD1 P34/RxD1  P34/RxD1  P34/RxD1  NC
81 84 P35/SCK1/ P35/SCK1/ P35/SCK1/ P35/SCK1/ NC
IRQ5 IRQ5 IRQ5 IRQ5
82 85 P36 P36 P36 P36 NC
83 86 P77/TxD3  P77/TxD3  P77/TxD3  P77/TxD3  NC
84 87 P76/RxD3 P76/RxD3  P76/RxD3  P76/RxD3  NC
85 88 P75/SCK3 P75/SCK3  P75/SCK3  P75/SCK3  NC
86 89 P74/MRES P74/MRES P74/MRES P74/MRES NC
87 90 P73/TMO1/ P73/TMO1/ P73/TMO1/ P73/TMO1 NC
CS7 CS7 CS7
88 91 P72/TMOO/ P72/TMOO/ P72/TMOO/ P72/TMO0  NC
CS6 CS6 CS6
89 92 P71/CS5  P71/CS5 P71/CS5 P71 NC
90 93 P70/ P70/ P70/ P70/ NC
TMRIOL/  TMRIO1/ TMRIO1/ TMRI01/
TMCIO1/  TMCIO1/ TMCI01/ TMCI01
CS4 CS4 CS4
91 94 PGO/IRQ6 PGO/RQ6 PGO/IRQ6 PGO/IRQ6 NC
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Pin No. Pin Name
TFP-100B
TFP-100BV
TFP-100G
TEP-100GV Flash Memory
FP-100B*' FP-100A™*? Programmable
FP-100BV*! FP-100AV** Mode 4 Mode 5 Mode 6 Mode 7 Mode™*
92 95 PG1/CS3/ PG1/CS3/ PG1/CS3/ PG1/IRQ7 NC

IRQ7 IRQ7 IRQ7

93 96 PG2/CS2 PG2/CS2 PG2/CS2 PG2 NC
94 97 PG3/CS1  PG3/CSi PG3/CS1 PG3 NC
95 98 PG4/CS0  PG4/CS0 PG4/CS0 PG4 NC
96 99 PEO/DO PEO/DO PEO/DO PEO NC
97 100 PE1/D1 PE1/D1 PEL1/D1 PE1 NC
98 1 PE2/D2 PE2/D2 PE2/D2 PE2 NC
99 2 PE3/D3 PE3/D3 PE3/D3 PE3 vce
100 3 PE4/D4 PE4/D4 PE4/D4 PE4 VSS

Notes: 1. Supported only by masked ROM version.
2. Supported only by the HD6432227.
3. The NC should be left open.
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1.3.3 Pin Functions

Table 1.6 lists the pin functions of the H8S/2258 Group. Table 1.7 lists the pin functions of the
H8S5/2239 Group and H85/2238 Group. Table 1.8 lists the pin functions of the H8S/2237 Group
and H8S5/2227 Group.

Table1.6  Pin Functions of H85/2258 Group

Pin No.

TFP-100B
TFP-100BV
FP-100B FP-100A
Type Symbol FP-100BV FP-100AV 110 Function

Power VCC 62 65 Input For connection to the power supply.
supply Connect all V. pins to the system power

supply.

CvVCC 12 15 Input Connect a 0.1-pF stabilization capacitance
between this pin and ground. Permanent
damage on the chip may result if the
absolute maximum rating of CV . 4.3 V is
exceeded. Must not connect the 5V
external power supply to this pin.

See section 25, Power Supply Circuit, for
connection examples.

VSS 14 17 Input For connection to the power supply (0 V).
64 67 Connect all VSS pins to the system power

supply (0 V).

Clock XTAL 63 66 Input For connection to a crystal resonator. For
examples of crystal resonator connection
and external clock input, see section 23,
Clock Pulse Generator.

EXTAL 65 68 Input For connection to a crystal resonator. This
pin can be also used for external clock
input. For examples of crystal resonator
connection and external clock input, see
section 23, Clock Pulse Generator.

0OSC1 58 61 Input Connects to a 32.768 kHz crystal
resonator. See section 23, Clock Pulse
Generator, for typical connection diagrams
for a crystal resonator.
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Pin No.
TFP-100B
TFP-100BV
FP-100B FP-100A
Type Symbol FP-100BV FP-100AV 110 Function
Clock 0SsC2 57 60 Input Connects to a 32.768 kHz crystal
resonator. See section 23, Clock Pulse
Generator, for typical connection diagrams
for a crystal resonator.
[0} 68 71 Output  Supplies the system clock to external
devices.
Operating MD2 67 70 Input Sets the operating mode. Inputs at these
mode MD1 56 59 pins should not be changed during
control MDO 55 58 operation. Except for mode changing, be
sure to fix the levels of the mode pins
(MD2 to MDO) by pulling them down or
pulling them up until the power turns off.
System RES 59 62 Input Reset input pin. When this pin is low, the
control chip enters the power-on reset state.
MRES 86 89 Input When this pin is low, the chip enters the
manual reset state.
STBY" 61 64 Input  When this pin is low, a transition is made
to hardware standby mode.
BREQ 75 78 Input Used by an external bus master to request
the bus mastership to this LSI.
BACK 74 77 Output Indicates that the bus mastership has
been granted to an external bus master.
FWE 66 69 Input Enables/disables programming the flash
memory.
Interrupts ~ NMI* 60 63 Input Nonmaskable interrupt pin. If this pin is not
used, it should be fixed high.
IRQ7 92 95 Input These pins request a maskable interrupt.
IRQ6 91 94
IRQ5 81 84
IRQ4 78 81
IRQ3 72 75
IRQ2 75 78
IRQ1 40 43
IRQO 38 41
Address busA23 to 37 to 15, 40 to 18, Output  Outputs Address.
A0 13 16
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Pin No.
TFP-100B
TFP-100BV
FP-100B FP-100A
Type Symbol FP-100BV FP-100AV 110 Function
Databus D15to 100 to 96, 100, 99, Input/ Used as the bidirectional data bus.
DO 11to1l 14to1 output
Bus S7 87 90 Output  Select signals for areas 7 to 0.
control S6 88 91
S5 89 92
S4 90 93
S3 92 95
S2 93 96
S1 94 97
SO 95 98

AS 69 72 Output  When this pin is low, it indicates valid
address output on the address bus.

RD 70 73 Output  When this pin is low, it indicates that the
external address space is being read.

HWR 71 74 Output  Strobe signal: Writes to the external
address bus to indicate valid data on the
upper data bus (D15 to D8).

LWR 72 75 Output  Strobe signal: Writes to the external bus to
indicate valid data on the lower data bus
(D7 to DO).

WAIT 73 76 Input Requests insertion of wait states in bus
cycle when accesses to the external three-
state address.

16-bit timer- TCLKD 41 44 Input These pins input an external clock.
pulse unit TCLKC 39 42
(TPU) TCLKB 37 40

TCLKA 36 39

TIOCAO 34 37 Input/ Pins for the TGRA_0 to TGRD_O input

TIOCBO 35 38 Output  capture input, output compare output, or

TIOCCO 36 39 PWM output.

TIOCDO 37 40

TIOCA1l 38 41 Input/ Pins for the TGRA 1 and TGRB 1 input

TIOCB1 39 42 Output  capture input, output compare output, or
PWM output.

TIOCA2 40 43 Input/ Pins for the TGRA 2 and TGRB_2 input

TIOCB2 41 44 Output  capture input, output compare output, or
PWM output.
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Pin No.
TFP-100B
TFP-100BV
FP-100B FP-100A
Type Symbol FP-100BV FP-100AV 110 Function
16-bit timer- TIOCA3 22 25 Input/ Pins for the TGRA_3 to TGRD_3 input
pulse unit TIOCB3 23 26 Output  capture input, output compare output, or
(TPU) TIOCC3 24 27 PWM output.
TIOCD3 25 28
TIOCA4 26 29 Input/ Pins for the TGRA_4 and TGRB_4 input
TIOCB4 27 30 Output  capture input, output compare output, or
PWM output.
TIOCA5 28 31 Input/ Pins for the TGRA_5 and TGRB_5 input
TIOCB5 29 32 Output  capture input, output compare output, or
PWM output.
8-bit timer TMO3to 88to 85 91 to 88 Output  Compare-match output pins.
TMOO0
TMCI23 89 92 Input Pins for external clock input to the counter.
TMCIO1 90 93
TMRI23 89 92 Input Counter reset input pins.
TMRIO1 90 93
Watchdog BUZZ 74 77 Output  This pin outputs the pulse that is divided
timer (WDT) by watchdog timer.
Serial TxD3 83 86 Output  Data output pins.
communi- TxD2 31 34
cation TxD1 79 82
interface TxDO 76 79
(sciy q RxD3 84 87 Input Data input pins.
_Sma;t card pxp2 32 35
Interface  pyp1 80 83
RxDO 77 80
SCK3 85 88 Input/ Clock input/output pins. SCK1 outputs
SCK2 33 36 Output  NMOS push/pull.
SCK1 81 84
SCKO 78 81
I°C bus SCL1 79 82 Input/  I°C clock input/output pins. These pins
interface  SCLO 81 84 Output  drive bus. The output of SCLO is NMOS
(([) open drain.
(optional)
SDA1 78 81 Input/ I’C data input/output pins. These pins
SDAO 80 83 Output  drive bus. The output of SDAO is NMOS

open drain.
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Pin No.
TFP-100B
TFP-100BV
FP-100B FP-100A
Type Symbol FP-100BV FP-100AV 110 Function
IEBus Tx 93 96 Output  IEB transmit data output pin.
controller Rx 94 97 Input IEB receive data input pin
(IEB)
A/D AN7to 52to 45 55 to 48 Input Analog input pins for the A/D converter.
converter  ANO
ADTRG 72 75 Input Pin for input of an external trigger to start
A/D conversion.
D/A DAl 43 46 Output  Analog output pins for the D/A converter.
converter DAO 44 47
A/D AVCC 54 57 Input Power supply pin for the A/D converter
converter, and D/A converter. If none of the A/D
D/IA converter and D/A converter is used,
converter connect this pin to the system power
supply (+5 V).
AVSS 42 45 Input Ground pin for the A/D converter and D/A
converter. Connect this pin to the system
power supply (0 V).
Vref 53 56 Input Reference voltage input pin for the A/D
converter and D/A converter. If neither the
A/D converter nor D/A converter is used,
connect this pin to the system power
supply (+5 V).
1/0 ports P17 to 41to0 34 44 to 37 Input/ 8-bit 1/0O pins.
P10 Output
P36to 82to 76 85to 79 Input/ 7-bit I/O pins.
P30 Output P34 and P35 output NMOS push/pull.
P47 to 52 to 45 55 to 48 Input 8-bit input pins.
P40
P77 to 90 to 83 93 to 86 Input/ 8-hit I/O pins.
P70 Output
P97 43 46 Input 2-bit input pins.
P96 44 47
PA3to  33to 30 36 to 33 Input/  4-bit I/O pins.
PAO Output
PB7to 29to 22 32t0 25 Input/ 8-hit I/O pins.
PBO Output
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Pin No.
TFP-100B
TFP-100BV
FP-100B FP-100A
Type Symbol FP-100BV FP-100AV 110 Function
I/O ports pC7to 21to15,13 2410 18, 16 Input/ 8-bit I/0 pins.
PCO Output
PD7to 1l1to4 14to 7 Input/ 8-bit 1/0O pins.
PDO Output
PE7to 100to0 96,3to1 100, 99, Input/ 8-bit I/0 pins.
PEO 6tol Output
PF7 to 75 to 68 781t0 71 Input/ 8-bit I/O pins.
PFO Output
PG4to 95t091 98 to 94 Input/ 5-bit I/O pins.
PGO Output
Note: * Measures should be taken to deal with noise, which can cause operation errors

otherwise.

Rev. 6.00 Mar. 18, 2010 Page 49 of 982

RENESAS

REJ09B0054-0600



Section 1 Overview

Table1l.7 Pin Functionsof H85/2239 Group and H8S5/2238 Group

Pin No.

TFP-100B

TFP-100BV

TFP-100G BP-112"*

TFP-100GV BP-112V**

FP-100B FP-100A** TBP-112A**
Type Symbol FP-100BV FP-100AV** TBP-112AV™ |/O Function
Power VCC 62 65 F9, G10 Input For connection to the power supply.
supply Connect all V. pins to the system power

supply.

CvCC 12 15 E2, F3 Input With a 5-V external power supply
(H8S/2238B used), connect a 0.1-uF
stabilization capacitance between this pin
and ground. Permanent damage on the
chip may result if the absolute maximum
rating of CV.. 4.3 V is exceeded. Must not
connect the 5 V external power supply to
this pin.

With a 3-V external power supply
(H8S/2239, H8S/2238R, and H8S/2236R
used), connect this pin to the system
power supply. See section 25, Power
Supply Circuit, for connection examples.
VSS 14 17 F3, F2 Input For connection to the power supply (0 V).
64 67 F10, F8 Connect all VSS pins to the system power
supply (0 V).
Clock XTAL 63 66 Fl11 Input For connection to a crystal resonator. For
examples of crystal resonator connection
and external clock input, see section 23,
Clock Pulse Generator.
EXTAL 65 68 Ell Input For connection to a crystal resonator. This

pin can be also used for external clock
input. For examples of crystal resonator
connection and external clock input, see
section 23, Clock Pulse Generator.

0OSC1 58 61 H11 Input Connects to a 32.768 kHz crystal
resonator. See section 23, Clock Pulse
Generator, for typical connection diagrams
for a crystal resonator.
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Pin No.
TFP-100B
TFP-100BV
TFP-100G BP-112*
TFP-100GV BP-112v*!
FP-100B FP-100A™* TBP-112A**
Type Symbol FP-100BV FP-100AV** TBP-112AV* /O Function
Clock 0oscC2 57 60 H10 Input Connects to a 32.768 kHz crystal
resonator. See section 23, Clock Pulse
Generator, for typical connection diagrams
for a crystal resonator.
[0} 68 71 D11 Output  Supplies the system clock to external
devices.
Operating MD2 67 70 E9 Input Sets the operating mode. Inputs at these
mode MD1 56 59 H9 pins should not be changed during
control MDO 55 58 J11 operation. Except for mode changing, be
sure to fix the levels of the mode pins
(MD2 to MDO) by pulling them down or
pulling them up until the power turns off.
System RES™ 59 62 G8 Input Reset input pin. When this pin is low, the
control chip enters the power-on reset state.
MRES 86 89 B7 Input  When this pin is low, the chip enters the
manual reset state.
STBY™® 61 64 Gl1 Input When this pin is low, a transition is made
to hardware standby mode.
BREQ 75 78 C9 Input Used by an external bus master to request
the bus mastership to this LSI.
BACK 74 77 B11 Output  Indicates that the bus mastership has
been granted to an external bus master.
FWE 66 69 E10 Input Enables/disables programming the flash
memory.
Interrupts NMI*® 60 63 G9 Input Nonmaskable interrupt pin. If this pin is not
used, it should be fixed high.
IRQ7 92 95 B5 Input These pins request a maskable interrupt.
IRQ6 91 94 A5
IRQ5 81 84 B8
IRQ4 78 81 B9
IRQ3 72 75 D9
IRQ2 75 78 c9
IRQ1 40 43 K6
IRQO 38 41 J6
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Pin No.
TFP-100B
TFP-100BV
TFP-100G BP-112**
TFP-100GV BP-112v*!
FP-100B FP-100A™* TBP-112A**
Type Symbol FP-100BV FP-100AV** TBP-112AV* /O Function
Address busA23 to 37t015, 40to18, L5,L4,L3, Output Outputs Address.
A0 13 16 L2, K5, K4,
K3, K2, K1,
J5, J4, J3,
J2,J1, H5,
H4, H3, H2,
H1, G4, G3,
G2,G1, F1
Databus D15to  100to 96, 100,99, E4, E3, E1, Input/ Used as the bidirectional data bus.
DO 11to1l 14t01 D4, D3, D2, output
D1, C4, C2,
C1, B4, B3,
B2, B1, A3,
A2
Bus CS7 87 20 C6 Output  Select signals for areas 7 to 0.
control CS6 88 91 A6
Cs5 89 92 B6
Cs4 90 93 D6
CS3 92 95 B5
Cs2 93 96 C5
Cst1 94 97 A4
Cso 95 98 D5
AS 69 72 E8 Output  When this pin is low, it indicates valid
address output on the address bus.
RD 70 73 D10 Output  When this pin is low, it indicates that the
external address space is being read.
HWR 71 74 Cc11 Output  Strobe signal: Writes to the external
address bus to indicate valid data on the
upper data bus (D15 to D8).
LWR 72 75 D9 Output  Strobe signal: Writes to the external bus to
indicate valid data on the lower data bus
(D7 to DO).
WAIT 73 76 C10 Input Requests insertion of wait states in bus

cycle when accesses to the external three-
state address.
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Pin No.
TFP-100B
TFP-100BV
TFP-100G BP-112*
TFP-100GV BP-112v*!
FP-100B FP-100A™* TBP-112A**
Type Symbol FP-100BV FP-100AV** TBP-112AV* /O Function
DMA DREQ1 89 — B6 Input Request DMAC activation.
controller DREQO 90 D6 (Supported only by the H8S/2239 Group.)
(DMAC)*?
TEND1 87 — C6 Output Indicate that the DMAC has ended
TENDO 88 A6 transmitting data.
(Supported only by the H8S/2239 Group.)
DACK1 35 — J5 Output  These pins function as single address
DACKO 34 H5 transmitting acknowledge of DMAC.
(Supported only by the H8S/2239 Group.)
16-bit timer- TCLKD 41 44 H6 Input These pins input an external clock.
pulse unit TCLKC 39 42 L6
(TPU) TCLKB 37 40 K5
TCLKA 36 39 L5
TIOCAO 34 37 H5 Input/ Pins for the TGRA_0 to TGRD_O input
TIOCBO 35 38 J5 Output  capture input, output compare output, or
TIOCCO 36 39 L5 PWM output.
TIOCDO 37 40 K5
TIOCA1l 38 41 J6 Input/ Pins for the TGRA 1 and TGRB_1 input
TIOCB1 39 42 L6 Output  capture input, output compare output, or
PWM output.
TIOCA2 40 43 K6 Input/ Pins for the TGRA 2 and TGRB_2 input
TIOCB2 41 44 H6 Output  capture input, output compare output, or
PWM output.
TIOCA3 22 25 H3 Input/ Pins for the TGRA_3 to TGRD_3 input
TIOCB3 23 26 J2 Output  capture input, output compare output, or
TIOCC3 24 27 K1 PWM output.
TIOCD3 25 28 J3
TIOCA4 26 29 K2 Input/ Pins for the TGRA_4 and TGRB_4 input
TIOCB4 27 30 L2 Output  capture input, output compare output, or
PWM output.
TIOCA5 28 31 H4 Input/ Pins for the TGRA_5 and TGRB_5 input
TIOCB5 29 32 K3 Output  capture input, output compare output, or

PWM output.

Rev. 6.00 Mar. 18, 2010 Page 53 of 982

RENESAS

REJ09B0054-0600



Section 1 Overview

Pin No.
TFP-100B
TFP-100BV
TFP-100G BP-112**
TFP-100GV BP-112v*!
FP-100B FP-100A™* TBP-112A**
Type Symbol FP-100BV FP-100AV** TBP-112AV* /O Function
8-bittimer TMO3to 88to85 91t088 A7,A6,B7, Output Compare-match output pins.
TMOO0 C6
TMCI23 89 92 B6 Input Pins for external clock input to the counter.
TMCIO1 90 93 D6
TMRI23 89 92 B6 Input Counter reset input pins.
TMRIO1 90 93 D6
Watchdog BUZZ 74 77 B11 Output  This pin outputs the pulse that is divided
timer (WDT) by watchdog timer.
Serial TxD3 83 86 D7 Output  Data output pins.
communi- TxD2 31 34 J4
cation TxD1 79 82 A9
interface TxDO 76 79 A10
(Schy q RxD3 84 87 C7 Input Data input pins.
_Sma;t card pxp2 32 35 K4
nterface  pyp1 80 83 cs
RxDO 77 80 D8
SCK3 85 88 A7 Input/ Clock input/output pins. SCK1 outputs
SCK2 33 36 L4 Output  NMOS push/pull.
SCK1 81 84 B8
SCKO 78 81 B9
I°C bus SCL1 79 82 A9 Input/  I°C clock input/output pins. These pins
interface  SCLO 81 84 B8 Output  drive bus. The output of SCLO is NMOS
(([) open drain.
(optional)
SDA1 78 81 B9 Input/ I’C data input/output pins. These pins
SDAO 80 83 C8 Output  drive bus. The output of SDAO is NMOS
open drain.
A/D AN7to 52to45 55t048 L10, L9, Input Analog input pins for the A/D converter.
converter  ANO K11, K10,
K9, K8, J8,
H7
ADTRG 72 75 D9 Input Pin for input of an external trigger to start

A/D conversion.
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Pin No.
TFP-100B
TFP-100BV
TFP-100G BP-112*
TFP-100GV BP-112v*!
FP-100B FP-100A™* TBP-112A**
Type Symbol FP-100BV FP-100AV** TBP-112AV* /O Function
D/IA DA1 43 46 J7 Output  Analog output pins for the D/A converter.
converter  DAO 44 47 L8
A/D AVCC 54 57 J10 Input Power supply pin for the A/D converter
converter, and D/A converter. If none of the A/D
D/IA converter and D/A converter is used,
converter connect this pin to the system power
supply (+3 V).
AVSS 42 45 K7, L7 Input Ground pin for the A/D converter and D/A
converter. Connect this pin to the system
power supply (0 V).
Vref 53 56 H8 Input Reference voltage input pin for the A/D
converter and D/A converter. If neither the
A/D converter nor D/A converter is used,
connect this pin to the system power
supply (+3 V).
1/0 ports P17 to 41t034 44to37 L6, L5,K6, Input/ 8-bit 1/0 pins.
P10 K5, J6,J5, Output
H6, H5
P36 to 82to76 85t079 D8, C8,B9, Input/ 7-bit 1/0 pins.
P30 B8, A10, A9, Output P34 and P35 output NMOS push/pull.
A8
P47 to 52t045 55t048 L10, L9, Input 8-bit input pins.
P40 K11, K10,
K9, K8, H7,
J8
P77 to 90to83 93to86 D7,D6, C7, Input/ 8-hit I/O pins.
P70 C6, B7, B6, Output
A7, A6
P97 43 46 J7 Input 2-bit input pins.
P96 44 47 L8
PA3to 33t030 36to33 L4, L3,K3, Input/ 4-bit I/O pins.
PAO J4 Output
PB7to 29t022 32t025 L2,K3,K2, Input/ 8-hit I/O pins.
PBO K1, J3,J2, Output
H4, H3
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Pin No.
TFP-100B
TFP-100BV
TFP-100G BP-112**
TFP-100GV BP-112V**
FP-100B FP-100A*® TBP-112A**
Type Symbol FP-100BV FP-100AV** TBP-112AV* /O Function
1/0 ports PC7 to 21to 15, 1324t0 18, J1,H2,H1, Input/ 8-bit 1/0 pins.
PCO 16 G4, G3, G2, Output
G1,F1
PD7to 11to4 14t0 7 E4, E3, E1, Input/ 8-hit I/O pins.
PDO D3, D2, D1, Output
c2,C1
PE7to  100to 96,3100,99, D4, C4, B4, Input/  8-bit I/O pins.
PEO tol 6tol B3, B2, B1, Output
A3, A2
PF7 to 75 to 68 78to 71 E8, D11, Input/ 8-bit 1/0 pins.
PFO D10, D9,  Output
C11, C10,
C9, B11
PG4 to 95to 91 98 to 94 D5, C5, B5, Input/ 5-bit I/O pins.
PGO A5, A4 Output
Notes: 1. Supported only by the HD64F2238R.

g krwnbd

otherwise.

Supported only by the H8S/2239 Group.
Supported only by the H8S/2238B and H8S/2236B.

Supported only by the HD64F2238R and HD64F2239.
Measures should be taken to deal with noise, which can cause operation errors
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Table1.8 Pin Functions of H85/2237 Group and H8S/2227 Group
Pin No.
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV
FP-100B™* FP-100A*’
Type Symbol  FP-100BV** FP-100AV*? 1/O Function
Power supply VCC 12 15 Input For connection to the power supply. Connect all
62 65 VCC pins to the system power supply.

VSS 14 17 Input For connection to the power supply (0 V).

64 67 Connect all VSS pins to the system power supply
V).

Clock XTAL 63 66 Input For connection to a crystal resonator. For
examples of crystal resonator connection and
external clock input, see section 23, Clock Pulse
Generator.

EXTAL 65 68 Input For connection to a crystal resonator. This pin
can be also used for external clock input. For
examples of crystal resonator connection and
external clock input, see section 23, Clock Pulse
Generator.

OSC1 58 61 Input Connects to a 32.768 kHz crystal resonator. See
section 23, Clock Pulse Generator, for typical
connection diagrams for a crystal resonator.

0sC2 57 60 Input Connects to a 32.768 kHz crystal resonator. See
section 23, Clock Pulse Generator, for typical
connection diagrams for a crystal resonator.

[0} 68 71 Output  Supplies the system clock to external devices.

Operating MD2 67 70 Input  Sets the operating mode. Inputs at these pins

mode MD1 56 59 should not be changed during operation. Except

control MDO 55 58 for mode changing, be sure to fix the levels of the
mode pins (MD2 to MDO) by pulling them down
or pulling them up until the power turns off.

System RES™ 59 62 Input Reset input pin. When this pin is low, the chip

control enters in the power-on reset state.

MRES 86 89 Input  When this pin is low, the chip enters in the
manual reset state.

STBY™® 61 64 Input  When this pin is low, a transition is made to

hardware standby mode.
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Pin No.
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV
FP-100B™* FP-100A**
Type Symbol  FP-100BV** FP-100AV*? 1/O Function
System BREQ 75 78 Input Used by an external bus master to request the
control bus mastership to this LSI.
BACK 74 77 Output Indicates that the bus mastership has been
granted to an external bus master.
FEW 66 69 Input Enables/disables programming the flash
memory.
Interrupts NMI*? 60 63 Input Nonmaskable interrupt pin. If this pin is not used,
it should be fixed-high.
IRQ7 92 95 Input These pins request a maskable interrupt.
IRQ6 91 94
IRQ5 81 84
IRQ4 78 81
IRQ3 72 75
IRQ2 75 78
IRQ1 40 43
IRQO 38 41
Address bus A23to A0 37 to 15, 40 to 18, 16 Output Outputs Address.
13
Data bus D15to DO 100to 96, 100, 99, Input/  Used as the bidirectional data bus.
11to1 14101 output
Bus control S7 87 90 Output  Select signals for areas 7 to 0.
S6 88 91
S5 89 92
S4 90 93
S3 92 95
S2 93 96
S1 94 97
SO 95 98
AS 69 72 Output When this pin is low, it indicates valid address
output on the address bus.
RD 70 73 Output  When this pin is low, it indicates that the external
address space is being read.
HWR 71 74 Output  Strobe signal: Writes to the external address bus

to indicate valid data on the upper data bus (D15
to D8).
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Pin No.
TFP-100B
TFP-100BV
TFP-100G
TFP-100GV
FP-100B™* FP-100A**
Type Symbol  FP-100BV** FP-100AV*? 1/O Function
Bus control LWR 72 75 Output  Strobe signal: Writes to the external bus to
indicate valid data on the lower data bus (D7 to
DO).

WAIT 73 76 Input Requests insertion of wait states in bus cycle
when accesses to the external three state
address.

16-bit timer-  TCLKD 41 44 Input These pins input an external clock.
pulse unit TCLKC 39 42
(TPU) TCLKB 37 40

TCLKA 36 39

TIOCAO 34 37 Input/  Pins for the TGRA_0 to TGRD_0 input capture

TIOCBO 35 38 Output  input, output compare output, or PWM output.

TIOCCO 36 39

TIOCDO 37 40

TIOCAl1 38 41 Input/  Pins for the TGRA 1 and TGRB_1 input capture

TIOCB1 39 42 Output  input, output compare output, or PWM output.

TIOCA2 40 43 Input/  Pins for the TGRA 2 and TGRB_2 input capture

TIOCB2 41 44 Output input, output compare output, or PWM output.

TIOCA3 22 25 Input/  Pins for the TGRA_3 to TGRD_3 input capture

TIOCB3 23 26 Output  input, output compare output, or PWM output.

TIOCC3 24 27 (Not available in the H8S/2227 Group.)

TIOCD3 25 28

TIOCA4 26 29 Input/  Pins for the TGRA_4 and TGRB_4 input capture

TIOCB4 27 30 Output input, output compare output, or PWM output.
(Not available in the H8S/2227 Group.)

TIOCAS5 28 31 Input/  Pins for the TGRA_5 and TGRB_5 input capture

TIOCB5 29 32 Output input, output compare output, or PWM output.
(Not available in the H8S/2227 Group.)

8-bit timer TMO1 87 90 Output Compare-match output pins.

TMOO0 88 91

TMCIO01 90 93 Input Pin for external clock input to the counter.

TMRIO1 90 93 Input Counter reset input pin.

Watchdog timerBUZZ 74 7 Output  This pin outputs the pulse that is divided by

(WDT)

watchdog timer.
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Pin No.

TFP-100B

TFP-100BV

TFP-100G

TFP-100GV

FP-100B™* FP-100A**
Type Symbol  FP-100BV** FP-100AV*? 1/O Function
Serial TxD3 83 86 Output Data output pins.
communi- TxD2 31 34 (TxD2 is not available in the H8S/2227 Group.)
cation TxD1 79 82
interface TxDO 76 79
(sciy d RxD3 84 87 Input Data input pins.
smart car RxD2 32 35 (RxD2 is not available in the H8S/2227 Group.)
interface RxD1 80 83

RxDO 77 80

SCK3 85 88 Input/  Clock input/output pins.

SCK2 33 36 Output (SCK2 is not available in the H8S/2227 Group.)

SCK1 81 84

SCKO 78 81

A/D converter AN7 to 52 to 45 55 to 48 Input  Analog input pins for the A/D converter.

ANO

ADTRG 72 75 Input Pin for input of an external trigger to start A/D
conversion.

D/A converter DAl 43 46 Output  Analog output pins for the D/A converter.

DAO 44 47 (Not available in the H8S/2227 Group.)

A/D converter, AVCC 54 57 Input Power supply pin for the A/D converter and D/A

D/A converter converter. If none of the A/D converter and D/A
converter is used, connect this pin to the system
power supply.

AVSS 42 45 Input Ground pin for the A/D converter and D/A
converter. Connect this pin to the system power
supply (0 V).

Vref 53 56 Input Reference voltage input pin for the A/D converter
and D/A converter. If neither the A/D converter
nor D/A converter is used, connect this pin to the
system power supply.

1/0 ports P17 to 41to0 34 44 to 37 Input/  8-bit I/O pins.

P10 Output

P36 to 82 to 76 85to 79 Input/  7-bit /O pins.

P30 Output
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Pin No.

TFP-100B
TEP-100BV

TEP-100G

TFP-100GV

FP-100B** FP-100A**

Type Symbol  FP-100BV** FP-100AV*? 1/O Function

1/0 ports P47 to 52 to 45 55to0 48 Input 8-bit input pins.
P40
P77 to 90 to 83 93 to 86 Input/  8-bit I/O pins.
P70 Output
P97 43 46 Input 2-bit input pins.
P96 44 47
PA3 to 331030 36 to 33 Input/  4-bit /O pins.
PAO Output
PB7 to 29 to 22 32t0 25 Input/  8-bit I/O pins.
PBO Output
PC7 to 21 to 15, 24 10 18, 16 Input/  8-bit I/O pins.
PCO 13 Output
PD7 to 11to 4 14t0 7 Input/  8-bit I/O pins.
PDO Output
PE7 to 100to 96, 100, 99, Input/  8-bit I/O pins.
PEO 3tol 6tol Output
PF7 to 75 to 68 78t0 71 Input/  8-bit I/O pins.
PFO Output
PG4 to 95t0 91 98 to 94 Input/  5-bit I/O pins.
PGO Output

Notes: 1. In H8S/2227 Group, supported only by masked ROM version.

2. In H8S/2227 Group, supported only by the HD6432227.
3. Measures should be taken to deal with noise, which can cause operation errors

otherwise.
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Section2 CPU

The H85/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte linear address space, and isideal for realtime control.
This section describes the H8S/2000 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, refer to section 3, MCU Operating Modes.

21 Features

e Upward-compatible with H8/300 and H8/300H CPU
— Can execute H8/300 and H8/300H CPU object programs
o General-register architecture
— Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-five basic instructions
— 8/16/32-hit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
e Eight addressing modes
— Register direct [Rn]
— Register indirect [@ERnN]
— Register indirect with displacement [ @(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERN]
— Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32)
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [ @(d:8,PC) or @(d:16,PC)]
— Memory indirect [ @@aa:8]
¢ 16-Mbyte address space
— Program: 16 Mbytes
— Data: 16 Mbytes
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e High-speed operation
— All frequently-used instructions execute in one or two states
— 8/16/32-hit register-register add/subtract : 1 state

— 8 x 8-bit register-register multiply : 12 states

— 16 + 8-hit register-register divide : 12 states

— 16 x 16-bit register-register multiply : 20 states

— 32+ 16-bit register-register divide : 20 states
e Two CPU operating modes

— Normal mode*

— Advanced mode

e Power-down state
— Transition to power-down state by a SLEEP instruction
— CPU clock speed selection

Note: * Norma modeisnot availablein thisLSl.

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

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

— Thefour instructions MAC, CLRMAC, LDMAC, and STMAC are supported by the
H8S/2600 CPU only.

e The number of execution states of the MULXU and MUL XS instructions;

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

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

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

In addition, there are differences in address space, CCR and EXR register functions, and power-
down modes, etc., depending on the model.

Rev. 6.00 Mar. 18, 2010 Page 64 of 982
REJ09B0054-0600
RENESAS



Section 2 CPU

212 Differences from H8/300 CPU

In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements:

More general registers and control registers

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

Expanded address space

— Normal mode supports the same 64-kbyte address space as the H8/300 CPU.

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

Enhanced addressing

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

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.

— Signed multiply and divide instructions have been added.

— Two-bit shift instructions have been added.

— Instructions for saving and restoring multiple registers have been added.

— A test and set instruction has been added.

Higher speed

— Basic ingtructions execute twice as fast.

213 Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements:

Additional control register

— One 8-bit control registers have been added.

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.
— Two-bit shift instructions have been added.

— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

Higher speed

— Basic ingtructions execute twice as fast.
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22 CPU Operating Modes

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

221 Normal M ode

In norma mode, the exception vector table and stack have the same structure as the H8/300 CPU.

Address Space

Linear access is provided to a maximum address space of 64 kbytes.

Extended Registers (En)

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

Instruction Set

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

Exception Vector Table and Memory Indirect Branch Addresses

In normal mode the top area starting at H'0000 is all ocated to the exception vector table. One
branch address is stored per 16 bits. Figure 2.1 shows the structure of the exception vector
table in normal mode. For details of the exception vector table, see section 4, Exception
Handling.

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In normal mode the operand is a 16-bit word operand,
providing a 16-bit branch address. Branch addresses can be stored in the top area from H'0000
to H'OOFF. Note that this areais also used for the exception vector table.

Stack Structure

In normal mode, when the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC, condition-code register (CCR) and extended control register (EXR) are pushed
onto the stack in exception handling, they are stored as shown in figure 2.2. EXR is not pushed
onto the stack in interrupt control mode 0. For details, see section 4, Exception Handling.

Note: Normal modeis not availablein thisLSl.
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H'0000 |
H'0001
H'0002 |
H'0003 |
H'0004

Hooos |~ (Reserved for system use) -
H'0006 | \ Exception

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

Reset exception vector --

- - Exception vector 1 --

- Exception vector 2 --

N

Figure2.1 Exception Vector Table (Normal Mode)

\/\\/\

sP—~| PC Sp —~ EXR*1
(16 bits) Reserved*1*3
(SP*2 —) CCR
\/\ CCR™®
- PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

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

Figure2.2 Stack Structurein Normal Mode

2.2.2 Advanced Mode

e Address Space
Linear accessis provided to a maximum 16-Mbyte address space.
e Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers or address registers.
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e Instruction Set
All instructions and addressing modes can be used.
e Exception Vector Table and Memory Indirect Branch Addresses

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

H'00000000 Reserved
Reset exception vector
H'00000003
H'00000004 | _
H'00000007 |
H'00000008
[ Exception vector table
(Reserved for system use)
H'0000000B |
H'0000000C |
H'00000010 o Bﬁeﬁsgr\{eiq 7777777777777
Exception vector 1

~__—

Figure2.3 Exception Vector Table (Advanced M ode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-hit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In advanced mode, the operand is a 32-bit longword operand,
providing a 32-bit branch address. The upper 8 hits of these 32 bitsis areserved areathat is
regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF.
Note that the first part of this range is also the exception vector table.

Rev. 6.00 Mar. 18, 2010 Page 68 of 982
REJ09B0054-0600
RENESAS



Section 2 CPU

Stack Structure

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

\/\\/\

sp — EXR"!
sP—~ Reseved Reserved” "3
. ] (SP™* —) CCR
(24 bits) R . PC R
(24 bits) .
(a) Subroutine Branch (b) Exception Handling

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

Figure2.4 Stack Structurein Advanced Mode
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23 Address Space

Figure 2.5 shows a memory map of the H8S/2000 CPU. The H8S2000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. The usable modes and address spaces
differ depending on the product. For details on each product, refer to section 3, MCU Operating

Modes.
H'0000 H'00000000
64 kbytes
HFFFF 16 Mbytes
H'OOFFFFFF |
Not available
in this LSI
H'FFFFFFFF
(a) Normal Mode” (b) Advanced Mode

Note: * Normal mode is not available in this LSI.

Program area

Data area

Figure2.5 Memory Map
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24 Register Configuration

The H8S5/2000 CPU hasthe internal registers shown in figure 2.6. There are two types of registers:
general registers and control registers. Control registers are a 24-bit program counter (PC), an 8-bit
extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
PC |

76543210
R [1]- -] [i2]u]io

76543210

cer [ Junuln]z]v]c|

Legend:

SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit

EXR: Extended control register N: Negative flag
T: Trace bit Z: Zero flag

12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag

I: Interrupt mask bit .
ul: User bit or interrupt mask bit

Note: * The interrupt mask bit is not available in this LSI.

Figure2.6 CPU Registers
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241 General Registers

The H85/2000 CPU has eight 32-bit general registers. These general registers are al functionally
alike and can be used as both address registers and data registers. When a general register is used
as adataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.7 illustrates the
usage of the general registers.

When the general registers are used as 32-bit registers or address registers, they are designated by
the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). Theseregisters 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.

The usage of each register can be selected independently.

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 2.8 shows the
stack.

- Address registers - 16-bit registers - 8-bit registers
- 32-bit registers
E registers (extended registers)
(EO to E7)
ER registers RH registers
(ERO to ER?) (ROH to R7H)
R registers
(RO to R7)
RL registers
(ROL to R7L)

Figure2.7 Usageof General Registers
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Free area

SP (ER7) —»

Stack area

/\/

Figure2.8 Stack Status

24.2 Program Counter (PC)

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

24.3 Extended Control Register (EXR)

EXR isan 8-hit register that manipulatesthe LDC, STC, ANDC, ORC, and XORC instructions.
When these instructions except for the STC instruction is executed, all interrupts including NMI
will be masked for three states after execution is completed.

Bit Bit Name Initial Value R/W Description
7 T 0 R/W Trace Bit
When this bit is set to 1, a trace exception is
generated each time an instruction is
executed. When this bit is cleared to O,
instructions are executed in sequence.
6to3 — All1 — Reserved
These bits are always read as 1.
12 1 R/W These bits designate the interrupt mask level
I 1 R/W (0 to 7). For details, refer to section 5, Interrupt
Controller.
10 1 R/W
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244 Condition-Code Register (CCR)

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

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

Bit Bit Name Initial Value  R/W Description
7 | 1 R/W Interrupt Mask Bit

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

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

Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC
instructions. This bit cannot be used as an
interrupt mask bit in this LSI.

5 H undefined R/W Half-Carry Flag

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

4 ) undefined R/W User Bit

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

3 N undefined R/W Negative Flag

Stores the value of the most significant bit of
data as a sign bit.

Rev. 6.00 Mar. 18, 2010 Page 74 of 982
REJ09B0054-0600
RENESAS



Section 2 CPU

Bit Bit Name Initial Value R/W Description

2 Z undefined R/W Zero Flag
Set to 1 to indicate zero data, and cleared to 0
to indicate non-zero data.

1 \% undefined R/W Overflow Flag
Set to 1 when an arithmetic overflow occurs,
and cleared to 0 at other times.

0 C undefined R/W Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow

e Shift and rotate instructions, to indicate a
carry

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

245 Initial Values of CPU Registers

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

after areset.
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2.5 Data Formats
The H85/2000 CPU can process 1-hit, 4-hit (BCD), 8-hit (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 For mats

Figure 2.9 shows the data formats in general registers.

Data Type Register Number Data Format
7 0
1-bit data RnH 75 65 55 45 35 25 15 0| Don't care E
___________________ 7 0
1-bit data RnL : Don't care | 7161514131211:10
7 43 o .
4-bit BCD data RnH | Upper | Lower | Don't care 1
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH ror | Don't care E
MSB s T
___________________ 7 0
Byte data RnL Don't care | i . i . i
"""""""""" MSB LsB

Figure2.9 General Register Data Formats (1)
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Data Type

Word data

Word data

Longword data

15

Rn

En

Register Number

Data Format

MSB

31

Legend:

ERnN:
En:
Rn:
RnH:
RnL:
MSB:
LSB:

General register ER
General register E
General register R
General register RH
General register RL
Most significant bit
Least significant bit

En

Figure2.9 General Register Data Formats (2)
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25.2 Memory Data For mats

Figure 2.10 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword datain memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the addressis regarded as 0, so the access starts at the preceding address. This

also appliesto instruction fetches.

When ER7 is used as an address register to access the stack, the operand size should be word or

longword.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M

Address 2M + 1

Address 2N
Address 2N + 1
Address 2N + 2

Address 2N + 3

7

Data Format

/\/

0

76 [s]a]s]2]1]o0

MSB,

LSB

MSB. I N
T
MSB: ¢ 1

Figure2.10 Memory Data Formats
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2.6 Instruction Set

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function in
table 2.1.

Table2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV B/W/L 5
POP*!, PUSH™ WIL
LDM*®, STM*® L
MOVFPE**, MOVTPE** B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/WI/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS WI/L
TAS™ B
Logic operations AND, OR, XOR, NOT B/WI/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR B/WI/L
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*’, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1
Total: 65
Legend: B: Byte
W: Word
L: Longword

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

Bcc is the general name for conditional branch instructions.

Cannot be used in this LSI.

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
Only register ERO to ER6 should be used when using the STM/LDM instruction.

areDN
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26.1 Table of Instructions Classified by Function

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

Table2.2 Operation Notation

Symbol Description

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

Rn General register”

ERN General register (32-bit register)
(EAd) Destination operand

(EASs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical XOR

- Move

- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

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

Instruction  Size**  Function

MOV B/W/L  (EAs) —» Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.

MOVFPE B Cannot be used in this LSI.

MOVTPE B Cannot be used in this LSI.

POP Wi/L @SP+ —> Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERnN.

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

LDM*? L @SP+ — Rn (register list)
Pops two or more general registers from the stack.

STM*? L Rn (register list) - @—SP

Pushes two or more general registers onto the stack.

Notes: 1. Refers to the operand size.

B: Byte

W: Word

Longword

2. Only register ERO to ER6 should be used when using the STM/LDM instruction.
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Table2.4 Arithmetic Operations|Instructions

Instruction  Size*  Function

ADD B/WI/L Rd £ Rs — Rd, Rd = #IMM — Rd

SUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data
cannot be subtracted from byte 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 on byte data in two general
registers, or on immediate data and data in a general register.

INC B/WI/L Rd+1—->Rd,Rd+2 - Rd

DEC 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 the CCR to produce 4-bit BCD data.

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

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

DIVXU B/W Rd + Rs — Rd

Performs unsigned division on data in two general registers: either 16 bits
+ 8 hits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.
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1

Instruction Size* Function

DIVXS B/W Rd + Rs - Rd
Performs signed division on data in two general registers: either 16 bits +
8 hits — 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 bits according to the result.

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

EXTU Wi/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

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

TAS™ B @ERd - 0, 1 — (<bit 7> of @ERd)

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

Notes: 1. Refers to the operand size.

B: Byte
W: Word
L: Longword

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table25 Logic Operations|nstructions

Instruction  Size* Function

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

OR B/WI/L Rd v Rs - Rd, Rd v # MM — Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

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

NOT B/W/L -Rd—Rd
Takes the one’s complement of general register contents.

Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword

Table2.6 Shift Instructions

Instruction Size” Function

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

SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shifts are possible.

SHLL B/W/L  Rd (shift) -> Rd

SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shifts are possible.

ROTL B/W/L  Rd (rotate) > Rd

ROTR Rotates general register contents.
1-bit or 2-bit rotations are possible.

ROTXL B/W/L  Rd (rotate) -» Rd

ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotations are possible.

Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.7 Bit Manipulation Instructions

Instruction  Size*  Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

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

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

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

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

BIAND B C A [ (<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 B C v (<bit-No.> of <EAd>) —» C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C v [~ (<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.
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Instruction  Size*

Function

BXOR B C @ (<bit-No.> of <EAd>) —» C
XORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIXOR B C @ [~ (<bit-No.> of <EAd>)] - C
XORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

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

BILD B = (<bit-No.> of <EAd>) —» C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C — (<hit-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: * Refers to the operand size.

B: Byte
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Table2.8 Branch Instructions
Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High CvZ=0
BLS Low or same Cvz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal N®eV=0
BLT Less than NeV=1
BGT Greater than Zv(NeV)=0
BLE Less or equal Zv(NeVv)=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
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Table2.9 System Control Instructions

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

Only increments the program counter.

Note: * Refers to the operand size.

B: Byte

W: Word
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Table2.10 Block Data Transfer Instructions

Instruction Size Function

EEPMOV.B — if R4L = 0 then
Repeat @ER5+ —» @ER6+
R4L-1 — R4L
UntilR4L =0
else next;

EEPMOV.W — if R4 = 0 then
Repeat @ER5+ —» @ER6+
R4-1 > R4
UntiiR4=0
else next;

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ER6.

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

2.6.2 Basic I nstruction For mats

The H85/2000 CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), aregister field (r), an effective address extension (EA), and a condition field
(cc).

Figure 2.11 shows examples of instruction formats.

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

e Register Field
Specifies ageneral register. Address registers are specified by 3 bits, and dataregisters by 3
bits or 4 bits. Some instructions have two register fields. Some have no register field.
o Effective Address Extension
8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement.
e Condition Field
Specifies the branching condition of Bcc instructions.
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(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

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

op m rm

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

(4) Operation field, effective address extension, and condition field

op cc EA(disp) BRA d:16, etc.

Figure2.11 Instruction Formats (Examples)

2.7 Addressing M odes and Effective Address Calculation

The H8S/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or the absolute addressing mode to specify an operand, and register direct (BSET, BCLR,
BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in
the operand.

Table2.11 Addressing Modes

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

Theregister field of the instruction specifies an 8-, 16-, or 32-bit general 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.

2.7.2 Register Indirect—@ERnN

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

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

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

274 Register Indirect with Post-lncrement—@ERN+ or Register Indirect with Pre-
Decrement—@-ERn

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

Register indirect with pre-decrement—@-ERn: Thevaue 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result is the
address of amemory operand. The result is also stored in the address register. The value
subtracted is 1 for byte access, 2 for word transfer instruction, or 4 for longword transfer
instruction. For the word or longword transfer instructions, the register value should be even.

275 Absolute Address—@aa: 8, @aa:; 16, @aa; 24, or @aa: 32

The instruction code contains the absol ute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bitslong
(@aa:32). Table 2.12 indicates the accessible absolute address ranges.
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To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa: 16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-hit absolute address the upper 16 bits are a sign extension. A 32-bit absolute address can
access the entire address space.

A 24-hit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FFOO0 to H'FFFF H'FFFFOO0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

Note: * Normal mode is not available in this LSI.

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

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

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

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

Thismode is used in the Bcc and BSR instructions. An 8-bit or 16-bit displacement contained in
the instruction is sign-extended and added to the 24-bit PC contents to generate a branch address.
Only the lower 24 hits of this branch address are valid; the upper 8 bits are al assumed to be 0
(H'00). The PC value to which the displacement is added is the address of the first byte of the next
instruction, so the possible branching range is—126 to +128 bytes (63 to +64 words) or —32766 to
+32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value should
be an even number.
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278 Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-hit
absol ute address specifying a memory operand. This memory operand contains a branch address.
The upper bits of the absolute address are all assumed to be 0, so the addressrangeis 0 to 255
(H'0000 to H'00FF in normal mode*, H'000000 to H'0000FF in advanced mode). In normal mode,
the memory operand is aword operand and the branch address is 16 bits long. In advanced mode,
the memory operand is alongword operand, the first byte of which is assumed to be 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.

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

Note: * Norma modeis not availablein thisLSl.

\/\\/\

Specified — Specified — Reserved .
by @aa:8 [~"" Branch address - - - by @aa:8

\/—\

Branch address

\/_\

(a) Normal Mode* (a) Advanced Mode

Note: * Normal mode is not available in this LSI.

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

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

Table2.13 Effective Address Calculation

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 Register direct(Rn)
“ Operand is general register contents.
2 Register indirect(@ERN) 31 0 31 2423
I General register contents |——’|D°n't Cafel
Lo ] ]
3 | Register indirect with displacement
@(d:16,ERnN) or @(d:32,ERn) 31 0
[ H General register contents }—1
31 2423
Loe [ [ o |
@———lDon't carel
31 0
| Sign extension | disp
4 Register indirect with post-increment or
pre-decrement 31 0 31 2423
- Register indirect with post-increment @ERN+ [ - -
| General register contents |T—>|Don t carel
A
______________ @
(o [ ]
- Register indirect with pre-decrement @-ERn 31 0
I General register contents h 31 2423
[ S —>|Don't carel
Operand Size Offset
Byte 1
Word 2
Longword 4
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No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

Absolute address

@aa:8

31 2423 87 0
HFFFF | |

|Don‘t carel

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

op IMM

@aa:16 31 2423 16 15 0
| op | abs | |Don't carel Sign exlensionl |
@aa:24 31 2423 0
| op | akljs | |Don't carel 1 |
@aa:32

op 31 2423 0

abs |Don't carel
I t

Immediate

Operand is immediate data.

Program-counter relative
@(d:8,PC)/@(d:16,PC)

23
| PC contents

]
e

op disp
| Sign extension disp 31 24 23 l 0
|D0n't carel
[}
Memory indirect @ @aa:8
« Nomal Mode”
31 87 § 0
b X b:
L oo [ ams 000000 [ as | 31 2423 16 15 0
|D0n't carel H00
15 0
e Advanced extended modes
31 8 7 ‘ 0
IENES 000000 | avs |
31 2423 0
|Don't carel
31 0

Memory contents |

Note: * Normal mode is not available in this LSI.
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2.8 Processing States

The H85/2000 CPU has five main processing states: the reset state, exception handling state,
program execution state, bus-released state, and power-down state. Figure 2.13 indicates the state
transitions.

o Reset State
In this state, the CPU and all on-chip peripheral modules areinitialized and not operating.
When the RES input goes low, all current processing stops and the CPU enters the reset state.
All interrupts are masked in the reset state. Reset exception handling starts when the RES
signal changes from low to high. For details, refer to section 4, Exception Handling.
The reset state can also be entered by a watchdog timer overflow.

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

e Program Execution State
In this state, the CPU executes program instructions in sequence.

e Bus-Released State

In aproduct which hasa DMA controller (DMAC)* or datatransfer controller (DTC), the bus-
released state occurs when the bus has been released in response to a bus request from a bus
master other than the CPU.

While the busis rel eased, the CPU halts operations.
e Power-down State

Thisis apower-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For further
details, refer to section 24, Power-Down Modes.

Note: * Supported only by the H8S/2239 Group.
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End of bus request

Bus request

Program execution state

SLEEP instruction,

Reset state*! Hardware standby mode*?2

b\@%
R N N N
& '
$ :
L Sleep mode '
O 1
5 ) :
= R . ! I
Q’Q\\o &9 2 1 \SLEEP instruction, ,
& & ; SSBY =1 :
IR, ' |
o & ' !
&/ < ' ‘
S S | i
) ‘ External interrupt request | 1
Exception handling state . Software standby mode '
RES = High, : i
MRES = High STBY = High, RES = Low

Power-down state*®

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

goes low. A transition can also be made to the reset state when the watchdog timer overflows.

From any state except hardware standby mode and power-on reset state, a transition to the manual

reset state occurs whenever MRES goes low.

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

3. Apart from these states, there are also the watch mode, subactive mode, and the subsleep mode.
See section 24, Power-Down Modes.

N

Figure2.13 State Transitions
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2.9 Usage Notes

29.1 TAS Instruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Renesas Technology H8S and H8/300 Series C/C++ compilers.
If the TASinstruction is used as a user-defined intrinsic function, ensure that only register EROQ,
ER1, ER4, or ER5 is used.

2.9.2 STM/LDM Instruction

With the STM or LDM instruction, the ER7 register is used as the stack pointer, and thus cannot
be used as aregister that allows save (STM) or restore (LDM) operation.

With asingle STM or LDM instruction, two to four registers can be saved or restored. The
available registers are as follows:

For two registers: ERO and ER1, ER2 and ER3, or ER4 and ER5
For three registers: ERO to ER2, or ER4 to ER6
For four registers: ERO to ER3

For the Renesas Technology H8S or H8/300 Series C/C++ Compiler, the STM/LDM instruction
including ER7 is not created.

293 Bit Manipulation I nstructions

When aregister that includes write-only bits is manipulated by a bit manipulation instruction,
there are cases where the bits manipulated are not manipulated correctly or bits unrelated to the
bits manipulated are changed.

When aregister containing write-only bitsisread, the value read is either a fixed value or an
undefined value. This means that the bit manipulation instructions that use the value of bitsread in
their operation (BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, BIXOR, BLD, and BILD)
will not perform correct bit operations.

Also, bit manipulation instructions that perform a write operation on the data read after the
calculation (BSET, BCLR, BNOT, BST, and BIST) may change bits unrelated to the bits
manipulated. Thus extreme care is required when performing bit manipulation instructions on
registers that include write-only bits.
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The BSET, BCLR, BNOT, BST, and BIST instructions perform their operations in the following
order.

1. Read the datain byte units
2. Perform the bit manipulation operation according to the instruction on the data read
3.  Write the data back in byte units

Example: Using the BCLR instruction to clear only bit 4 in the port 1 PADDR register.

The P1DDR register consists of 8 write-only bits and setsthe 1/0 direction of the port 1 pins.
Reading thisregister isinvalid. When read, the values returned are undefined.

Here we present an example in which P14 is specified to be an input port using the BCLR
instruction. Currently, P17 to P14 are set to be output pins and P13 to P10 are set to be input pins.
At this point, the value of PIDDR is H'FO.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0

To switch P14 from the Output pin to the input pin function, the value of PLDDR bit 4 must be
changed from 1 to 0 (H'FO — H'EQ). Here we assume that the BCLR instruction is used to clear
P1DDR hit 4.

BCLR  #4,@P1DDR

However if abit manipulation instruction of the type shown above is used on PIDDR, whichisa
write-only register, the following problem may occur.

Although the first thing that happens isthat datais read from P1DDR in byte units, the value read
at thistime is undefined. An undefined value isavalue that is either 0 or 1 in the register but reads
out as an arbitrary value whose relationship to the actual value is unknown. Since the PIDDR hits
are all write-only bits, every bit reads out as an undefined value. Although the actual value of
P1DDR at this point is H'FO, assume that bit 3 becomes a 1 here, and the value read out is H'F8.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
Read value 1 1 1 1 1 0 0 0
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The bit manipulation operation is performed on this value that was read. In this example, bit 4 will
be cleared for H'F8.

P17 P16 P15 P14 P13 P12 P11 P10
1/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
After bit 1 1 1 0 1 0 0 0
manipulation

After the bit manipulation operation, this datawill be written to PLDDR, and the BCLR
instruction completes.

P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output Input Output Input Input Input
P1DDR 1 1 1 0 1 0 0 0
Write value 1 1 1 0 1 0 0 0

Although the instruction was expected to write H'EO back to PIDDR, it actually wrote H'E8, and
P13, which was expected to be an input pin, is changed to function as an output pin. While this
section described the case where P13 was read out asa 1, since the values read are undefined
when P17 to P10 are read, when this bit manipulation instruction compl etes, bits that were 0 may
be changed to 1, and bits that were 1 may be changed to 0. To avoid this sort of problem, see
section 2.9.4, Access Methods for Registers with Write-Only Bits for methods for modifying
registers that include write-only hits.

Also notethat it is possible to use the BCLR instruction to clear to O flagsin internal 1/O registers.
Inthiscase, if itis clear from the interrupt handler or other information that the corresponding flag
isset to 1, then there is no need to read the value of the corresponding flag in advance.

294 Access Methodsfor Registerswith Write-Only Bits

Undefined values will be read out if a data transfer instruction is executed for aregister that
includes write-only bits, or if a bit manipulation instruction is executed for aregister that includes
write-only bits. To avoid reading undefined values, use methods such as those shown below to
access registers that include write-only bits.

The basic method for writing to a register that includes write-only bitsisto create awork areain
internal RAM or other memory area and first write the data to that area. Then, perform the desired
access operation for that memory and finally write that data to the register that includes write-only
bits.
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Write data to the work area

Write the work area data to the
register that includes write-only bits

Access the work area data
(data transfer and bit manipulation
instructions can be used)

Write the work area data to the register
that includes write-only bits

Initial value write

Modifying the value of a register
that includes write-only bits

Figure2.14 Flowchart for Access Methodsfor Registers That Include Write-Only Bits

Example: To clear only bit 4 in the port 1 PLDDR

The P1DDR register consists of 8 write-only bits and sets the I/O direction of the port 1 pins.

Reading thisregister isinvalid. When read, the values returned are undefined.

Here we present an example in which P14 is specified to be an input port using the BCLR
instruction. First, we write the initial value H'FO written to PLDDR to the work areain RAM

(RAMO).

MOV.B #H'FO, ROL

MQOV.B ROL, @PAMO

MOV.B ROL, @P1DDR

P17 P16 P15 P14 P13 P12 P11 P10

I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO 1 | 1 | 1 | 1 | o | o o | o
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To switch P14 from being an output pin to being an input pin, we must change the value of
P1DDR hit 4 from 1 to 0 (H'FO — H'EQ). Here, were execute a BCLR instruction for RAMO.

BCLR #4, @RAMO
P17 P16 P15 P14 P13 P12 P11 P10
I/0 Output | Output | Output | Output Input Input Input Input
P1DDR 1 1 1 1 0 0 0 0
RAMO 1 | 1 | 1 | 0o | o | o | o | o0

Since RAMO can be read and written, when the bit manipulation instruction is executed, only bit 4
in RAMO is cleared. Then we write this RAMO value to PLDDR.

MOV.B @RAMO, ROL

MOV.B ROL, @P1DDR
P17 P16 P15 P14 P13 P12 P11 P10
1/0 Output | Output | Output Input Input Input Input Input
P1DDR 1 1 1 0 0 0 0 0
RAMO 1 1 | 2 | o | o | 0o | 0o | o

If this procedure is used to write registers that include write-only bits, programs can be written
without depending on the type of the instructions used.
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Section 3 MCU Operating Modes

31 Operating Mode Selection

The LS| supports four operating modes (modes 7 to 4). These operating modes are used to switch
the pin functions. The operating mode is determined by the setting of the mode pins (MD2 to
MDO). Modes 6 to 4 are external extended modes used to access external memory or peripheral
devices. In the external extended modes each area can be specified as an 8-bit or 16-bit address
space using the bus controller after program execution starts. In addition, the 16-bit bus modeis
used if any of the areasis configured as 16-bit address space. The 8-bit bus mode is used if all
areas are configured as 8-bit address space.

Mode 7 does not use external address space. Do not change the mode pin setting during operation.

Table3.1 MCU Operating Mode Selection

MCU External Data Bus
Operating CPU Operating On-chip Maximum
Mode MD2 MD1 MDO Mode Description ROM Initial Value Value
4 1 0 0 Advanced mode On-chip ROM Disabled 16 bits 16 bits
disabled, extended
mode
5 1 0 1 Advanced mode On-chip ROM Disabled 8 bits 16 bits
disabled, extended
mode
6 1 1 0 Advanced mode On-chip ROM Enabled 8 bits 16 bits
enabled, extended
mode
7 1 1 1 Advanced mode Single-chip mode Enabled — —
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3.2 Register Descriptions

The following registers are related to the operating mode.
e Mode control register (MDCR)

e System control register (SY SCR)

321 Mode Control Register (MDCR)

MDCR is used to monitor the current operating mode of thisLSl.

Bit Bit Name Initial Value R/W Description

7 — 1 — Reserved
This bit is always read as 1 and cannot be modified.

6to3 — All 0 — Reserved
These bits are always read as 0 and cannot be
modified.
2 MDS2 - R Mode Select 2 to 0
MDS1 —* R These bits indicate the input levels at pins MD2 to

0 MDSO % R MDO (the current operating mode). Bits MDS2 to
MDSO correspond to MD2 to MDO. MDS2 to MDSO
are read-only bits and they cannot be written to. The
mode pin (MD2 to MDO) input levels are latched into
these bits when MDCR is read.

These latches are canceled by a power-on reset, but
maintained at manual reset.

Note: * Determined by the MD2 to MDO pin settings.
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322 System Control Register (SYSCR)

SYSCR is used to select the interrupt control mode and the detected edge for NMI, select the
MRES input pin enable or disable, and enables or disables on-chip RAM.

Bit Bit Name

Initial Value R/W

Description

7 J—

0 R/W

Reserved
The write value should always be 0.

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

5 INTM1
4 INTMO

These bits select the control mode of the interrupt
controller. For details of the interrupt control modes,
see section 5.5.1, Interrupt Control Modes and
Interrupt Operation.

00: Interrupt control mode 0 (Interrupt is controlled by
| bit)

01: Setting prohibited

10: Interrupt control mode 2 (Interrupt is controlled by
12 to 10 bits and IPR)

11: Setting prohibited

3 NMIEG

NMI Edge Select
Selects the valid edge of the NMI interrupt input.

0: An interrupt is requested at the falling edge of NMI
input

1: An interrupt is requested at the rising edge of NMI
input

2 MRESE

0 R/W

Manual Reset Select

Enables or disables the MRES pin input.

0: The MRES pin input (manual reset) is disabled

1: The MRES pin input (manual reset) is enabled
The MRES input pin can be used

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

0 RAME

RAM Enable

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

0: On-chip RAM is disabled
1. On-chip RAM is enabled
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3.3 Operating Mode Descriptions

331 Mode 4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P13 to P10, and ports A, B, and C function as an address bus, ports D and E function asa
data bus, and part of port F carries bus control signals.

Pins P13 to P11 function as input portsimmediately after areset. Pin 10 and ports A and B
function as address (A20 to A8) outputs immediately after areset. Address (A23 to A21) output
can be enabled or disabled by bits AE3 to AEOQ in the pin function control register (PFCR)
regardless of the corresponding data direction register (DDR) values. Pins for which address
output is disabled among pins P13 to P10 and in ports A and B become port outputs when the
corresponding DDR bits are set to 1.

Port C always has an address (A7 to A0) output function.

Theinitial bus mode after areset is 16 bits, with 16-bit access to all areas. However, note that if 8-
bit accessis designated by the bus controller for all areas, the bus mode switches to 8 bits.

332 Mode 5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P13 to P10, and ports A, B, and C function as an address bus, ports D and E function asa
data bus, and part of port F carries bus control signals.

Pins P13 to P11 function as input portsimmediately after areset. Pin 10 and ports A and B
function as address (A20 to A8) outputs immediately after areset. Address (A23 to A21) output
can be enabled or disabled by bits AE3 to AEO in the pin function control register (PFCR)
regardless of the corresponding data direction register (DDR) values. Pins for which address
output is disabled among pins P13 to P10 and in ports A and B become port outputs when the
corresponding DDR bits are set to 1.

Port C always has an address (A7 to A0) output function.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto al areas. However, note that if 16-
bit accessis designated by the bus controller for any area, the bus mode switchesto 16 bits and
port E becomes a data bus.
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333 Mode 6
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Pins P13 to P10, and ports A, B, and C function as input portsimmediately after areset. Address
(A23to A8) output can be enabled or disabled by bits AE3 to AEOQ in the pin function control
register (PFCR) regardless of the corresponding data direction register (DDR) values. Pins for
which address output is disabled among pins P13 to P10 and in ports A and B become port outputs
when the corresponding DDR bits are set to 1.

Port C isan input port immediately after areset. Addresses A7 to AO are output by setting the
corresponding DDR bitsto 1.

Ports D and E function as adata bus, and part of port F carries data bus signals.

Theinitial bus mode after areset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit accessis designated by the bus controller for any area, the bus mode switchesto 16 bits and
port E becomes a data bus.

3.34 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All 1/O ports are available for use as input-output ports.
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3.35 Pin Functions

The pin functions of ports 1, and A to F vary depending on the operating mode. Table 3.2 shows
their functions in each operating mode.

Table3.2 Pin Functionsin Each Operating Mode

Port Mode 4 Mode 5 Mode 6 Mode 7

Port 1 P13to P11 P*IA P*IA P*IA P
P10 P/A® P/IA P*IA P

Port A PA3 to PAO P/A* P/A* P*IA P

Port B P/A* P/A* P*IA P

Port C A A P*IA P

Port D D D D P

Port E P/D* P*/D P*/D P

Port F PF7 p/C* p/C* p/C* P*IC
PF6 to PF4 C C C P
PF3 p/C* P*IC P*IC P
PF2 to PFO P*/C P*/C P*IC P

Legend:

P: 1/O port

A: Address bus output

D: Data bus I/0

C: Control signals, clock I/O

*:. After reset

Rev. 6.00 Mar. 18, 2010 Page 108 of 982
REJ09B0054-0600
RENESAS



Section 3 MCU Operating Modes

34 Memory Map in Each Operating Mode

Figures 3.1 to 3.9 show the memory map in each operating mode.

Modes 4 and 5 Mode 6 Mode 7
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'03FFFF
NN H H'040000:: External address J~
space
H'FFB000 H'FFB000 H'FFB000
On-chip RAM* On-chip RAM* On-chip RAM
H'FFEFBF
H'FFEFCO | External address H'FFEFCO| External address
space space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers Internal I/O registers Internal 1/O registers
H'FFFF3F
H'FFFF40 | External address H'FFFF40 | External address
space space
HFFFF60 | |hiernal 110 registers HFFFFG0 | |htemal 110 registers HFFFFG0 Internal I/O registers
H'FFFFCO _chi * H'FFFFCO ohi . H'FFFFCO —
HFFFFEF On-chip RAM H'EEFFFF On-chip RAM H'EFFFFE On-chip RAM

Note: * Extermal addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.1 H8S/2258 Memory Map in Each Operating M ode
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Modes 4 and 5 Mode 6 Mode 7
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address H'O1FFFF
space H'020000
Reserved
N N H'040000 | External address
1 T T space T
H'FFB0O00 Reserved” H'FFB000 Reserved*
H'FFDO00 . * H'FFDO00 H'FFD0O00
On-chip RAM -chi -chi
n-chip On-chip RAM* H'EFEEBE On-chip RAM
H'FFEFCO| External address H'FFEFCO| External address
space space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers Internal I/O registers Internal I/O registers
H'FFFF3F
H'FFFF40 | External address H'FFFF40 | External address
space space
H'FFFF60 | Internal /O registers H'FFFFE0 | nternal 1/0 registers HFFFFEO0 | | iemal 110 registers
H'FFFFCO -chi * H'FFFFCO —chi N H'FFFFCO -
HFFFFER On-chip RAM HFFFFEF On-chip RAM HEFFFFE On-chip RAM

Note: * Extermal addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.2 H8S/2256 Memory Map in Each Operating M ode
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Modes 4 and 5
(advanced extended modes
with on-chip ROM disabled)

Mode 6
(advanced extended mode
with on-chip ROM enabled)

H'000000 H'000000 H'000000
External address .
space On-chip ROM On-chip ROM
H'05FFFF
N NS H‘OGOOOOt: External address 1
space
H'FF7000 H'FF7000 H'FF7000
On-chip RAM* On-chip RAM* On-chip RAM
H'FFEFBF
H'FFEFCO| External address H'FFEFCO| External address
space space
H'FFF800 H'FFF800 ] H'FFF800
Internal 1/O registers Internal I/O registers Internal I/O registers
H'FFFF3F
H'FFFF40 | External address H'FFFF40 | External address
space space
HFFFFEO [ 1ormal 10 registers HFFFFGO | |y temal 110 registers HFFFFG0 | Internal 110 registers
H'FFFFCO —hi « H'FFFFCO —chi « HFFFFCOl on_chip RAM
HEFFFFF [ On-chip RAM HEFFFFF [__On-chip RAM H'FFFFFF P

Note: * Extermal addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Mode 7
(advanced single-chip mode)

Figure3.3 H8S/2239 Memory Map in Each Operating M ode
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Modes 4 and 5 Mode 6 Mode 7
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'03FFFF
NN H H'040000:: External address J~
space
H'FFB000 H'FFB000 H'FFB000
On-chip RAM* On-chip RAM* On-chip RAM
H'FFEFBF
H'FFEFCO| External address H'FFEFCO| External address
space space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers Internal I/O registers Internal 1/O registers
H'FFFF3F
H'FFFF40 | External address H'FFFF40 | External address
space space
HFFFF60 | |hiernal 110 registers HFFFFG0 | |htemal 110 registers HFFFFG0 Internal I/O registers
H'FFFFCO _chi * H'FFFFCO ohi . H'FFFFCO —
HFFFFEF On-chip RAM HEEEFFF On-chip RAM H'EFFFFE On-chip RAM

Note: * Extermal addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.4 H85/2238B and H8S/2238R Memory Map in Each Operating Mode
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Modes 4 and 5 Mode 6 Mode 7
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address H'O1FFFF
space H'020000
Reserved
N N H'040000 | External address
1 T T space T
H'FFB0O00 Reserved” H'FFB000 Reserved*
H'FFDO00 . * H'FFDO00 H'FFDO00
On-chip RAM -chi -chi
n-chip On-chip RAM* H'EFEEBE On-chip RAM
H'FFEFCO| External address H'FFEFCO| External address
space space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers Internal I/O registers Internal I/O registers
H'FFFF3F
H'FFFF40 | External address H'FFFF40 | External address
space space
H'FFFF60 | Internal /O registers H'FFFFE0 | nternal 1/0 registers HFFFFEO0 | | iemal 110 registers
H'FFFFCO -chi * H'FFFFCO —chi N H'FFFFCO -
HFFFFER On-chip RAM HFFFFEF On-chip RAM HEFFFFE On-chip RAM

Note: * Extermal addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.5 H85/2236B and H8S/2236R Memory Map in Each Operating Mode
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Modes 4 and 5 Mode 6 Mode 7
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'01FFFF
g NN H'OZOOOOM,\ External address .
T T T space T
H'FFB000 H'FFB000 H'FFB000
On-chip RAM* On-chip RAM* On-chip RAM
H'FFEFBF
H'FFEFCO| External address H'FFEFCO| External address
space space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers Internal I/O registers Internal I/O registers
H'FFFF3F
H'FFFF40 | External address H'FFFF40 | External address
space space
H'FFFFE0 | |nternal 110 registers HFFFF60 Internal I/O registers HFFFF60 Internal 1/O registers
H'FFFFCO _chi H'FFFFCO i H'FFFFCO e
HFEFEFE On-chip RAM* HEFEEFE | ©On-chip RAM* H'EFFFFE On-chip RAM

Note: * Extermal addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.6 H8S/2237 and H8S/2227 Memory Map in Each Operating Mode
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Modes 4 and 5 Mode 6 Mode 7
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)

H'000000 H'000000 H'000000

External address

space On-chip ROM On-chip ROM
, H'01FFFF
N = H OZOOOOMQ External address J~
1 N N space T
H'FFB0O00 H'FFB000
Reserved* Reserved*
H'FFE000 . H'FFE000 H'FFEO00
On-chip RAM* -chi -chi
p On-chip RAM* H'EFEFBE On-chip RAM
H'FFEFCO| External address H'FFEFCO| External address
space space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers Internal I/O registers Internal I/O registers
H'FFFF3F
H'FFFF40 | External address H'FFFF40 | External address
space space
H'FFFF60 | |ntemal 110 registers | 7 TFFFS0 | intemal 10 registers | FFFFE0 | internal /0 registers
H'FFFFCO f H'FFFFCO ) H'FFFFCO e
H'EEEFFE On-chip RAM* H'EEEEEE L__On-chip RAM* HEFFEFE|  On-chip RAM

Note: * Extermal addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.7 H8S/2235 and H8S/2225 Memory Map in Each Operating Mode

Rev. 6.00 Mar. 18, 2010 Page 115 of 982
REJO09B0054-0600
RENESAS



Section 3 MCU Operating Modes

Modes 4 and 5 Mode 6 Mode 7
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'018000 H'017FFF
Reserved
g g H'OZOOOO\,\ExtemaI address .
T T 1 space I
HFFBO00 Reserved* HFFBO00 Reserved*
H'FFEO00 . H'FFE000 H'FFE000
On-chip RAM* -chi * -chi
ip On-chip RAM H'EEFEFBE On-chip RAM
H'FFEFCO | External address H'FFEFCO| External address
space space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers Intermal 1/O registers Internal I/O registers
H'FFFF3F
H'FFFF40 | External address H'FFFF40 | External address
space space
H'FFFFE0 | |nternal 110 registers HFFFF60 Internal I/O registers HFFFF60 Internal I/O registers
H'FFFFCO _chi H'FFFFCO i H'FFFFCO i
UFFFFFE On-chip RAM* HEEEFEE | On-chip RAM* H'EEEFEE On-chip RAM

Note: * Extermal addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.8 H8S/2224 Memory Map in Each Operating M ode
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Modes 4 and 5 Mode 6 Mode 7
(advanced extended modes (advanced extended mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'00FFFF
H'010000
Reserved
J. g H'OZOOOOV\ External address |
D 1 1 space I
HFFBO00 Reserved* HFFBO00 Reserved*
H'FFE000 . H'FFE000 H'FFE000
On-chip RAM* _chi * o
ip On-chip RAM H'EFEFBE On-chip RAM
H'FFEFCO| External address H'FFEFCO| External address
space space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers Internal I/O registers Internal I/O registers
H'FFFF3F
H'FFFF40 External address H'FFFF40 | External address
space space
H'FFFF60  |nternal /0 registers HFFFFE0 Internal I/O registers HFFFF60 Internal 1/O registers
HEFEECO - HFFFFCO hi HFFFFCO 5n-chip RAM
HEFFEFE On-chip RAM* H'EFFEFEF On-chip RAM* H'EFEEFE n-chip

Note: * Extermal addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.9 H8S/2233 and H8S/2223 Memory Map in Each Operating Mode
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trace, 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 order of priority. Trap instruction exception
handling requests are accepted at all timesin program execution state.

Exception sources, the stack structure, and operation of the CPU vary depending on the interrupt
control mode set by the INTM1 and INTMO bitsin SYSCR.

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
A or MRES pin, or when the watchdog timer overflows. The

CPU enters the power-on reset state when the RES pin is
low. The CPU enters the manual reset state when the
MRES pin is low.

Trace Starts when execution of the current instruction or exception
handling ends, if the trace (T) bit in the EXR is set to 1.
Traces are enabled only in interrupt control mode 2. Trace
exception handling is not executed after execution of an
RTE instruction.

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

Trap instruction Started by execution of a trap instruction (TRAPA). Trap
(TRAPA) instruction exception handling requests are accepted at all
times in program execution state.

Low

4.2 Exception Sour ces and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exception
sources and their vector addresses.
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Table4.2 Exception Handling Vector Table

Exception Source

Vector Number

Vector Address
Advanced Mode™*

Power-on reset 0 H'0000 to H'0003
Manual reset 1 H'0004 to H'0007
Reserved for system use 2 H'0008 to H'000B
3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Direct transitions™* 6 H'0018 to H'001B
External interrupt (NMI) 7 H'001C to H'001F
Trap instruction (four sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

Internal interrupt™* 24 H'0060 to H'0063
1|23 H'01EC t|0 H'O1lEF

Notes: 1. Lower 16 bits of the address.

2. For details of internal interrupt vectors, see section 5.4.3, Interrupt Exception Handling

Vector Table.

3. For details on direct transitions, see section 24.10, Direct Transitions.
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4.3 Reset
A reset has the highest exception priority.

When the RES or MRES pin goes low, al processing halts and this LS| entersthe reset. A reset
initializes the internal state of the CPU and the registers of on-chip peripheral modules. The
interrupt control mode is 0 immediately after reset.

When the RES or MRES pin goes high from the low state, this LS| starts reset exception handling.

The chip can also be reset by overflow of the watchdog timer. For details see section 13,
Watchdog Timer (WDT).

431 Reset Types
The power-on reset and the manual reset are available as the reset.
Table 4.3 lists the reset types. When the power is supplied, select the power-on reset.

Both the power-on reset and the manual reset initialize the internal state of the CPU. The power-
on reset initializes al registersin on-chip peripheral modules. The manual reset initializes the
registersin on-chip peripheral modules except the bus controller and the I/O ports. The state of the
bus controller and the 1/0O ports are maintained.

At the manual reset, the on-chip peripheral modules are initialized. Thus, the ports that are used as
1/0 pins for the on-chip peripheral modules are changed to the ports controlled by the DDR and
the DR.

Table4.3 Reset Types

Condition
to Enter Reset Internal State
Reset MRES RES CPU Internal Peripheral Modules
Power-on reset  x Low Initialized  Initialized
Manual reset Low High Initialized Initialized except the bus controller and the

I/O ports

Legend: x:Don't care

The power-on reset and the manual reset are also available for the reset by the watchdog timer.

To enable the MRES pin, set the MRESE bitin SYSCRto 1.
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4.3.2 Reset Exception Handling

When the RES or MRES pin goes low, this LS| entersthe reset. To ensure that this LS| is reset,
hold the RES pin low for at least 20 ms at power-up. To reset the chip during operation, hold the
RES or MRES pin low for at least 20 states. When the RES or MRES pin goes high after being
held low for the necessary time, this LSl starts reset exception handling as follows.

1. Theinternal state of the CPU and the registers of the on-chip periphera modules are
initialized, the T bitin EXR is cleared to 0, and the | bitsin EXR and CCR are set to 1.

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

Figures 4.1 shows an example of the reset sequence.

Internal Prefetch of first
Vector fetch processing program instruction

e,
RES WRES [ : : — :

Address bus

© i X o X

D15 to DO i

{ @ y— (6)

i @) @)

(1)(3) Reset exception handling vector address (at power on reset, (1) = H'000000, (3) = H'000002,
at manual reset, (1) = H'000004, (3) = H'000006)

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

(5)  Start address ((5) = (2) (4))

(6)  First program instruction

Note: * Three states are inserted for waiting.

Figure4.1 Reset Sequence (Mode4)
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433 Interrupts after Reset

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

434 State of On-Chip Peripheral Modules after Reset Release

After reset release, MSTPCRA isinitialized to H'3F, MSTPCRB and MSTPCRC areinitialized to
H'FF, and all modules except the DMAC* and DTC enter module stop mode. Consequently, on-
chip peripheral module registers cannot be read or written to. Register reading and writing is
enabled when the module stop mode is exited.

Note: * Supported only by the H8S/2239 Group.

44 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bitin EXRisset to 1, trace modeis activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by interrupt masking. Table 4.4 shows
the state of CCR and EXR after execution of trace exception handling. Trace mode is canceled by
clearing the T bit in EXR to 0. Interrupts are accepted even within the trace exception handling
routine.

The T bit saved on the stack retains its value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes. Trace exception handling
is not carried out after execution of the RTE instruction.
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Table4.4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
Legend:
1: Setto 1
0: Cleared to O

— Retains value prior to execution

45 Interrupts

Interrupts are controlled by the interrupt controller. The interrupt control has two interrupt control
modes and can assign interrupts other than NMI to eight priority/mask levelsto enable
multiplexed interrupt control. For details, refer to section 5, Interrupt Controller.

Interrupt exception handling is conducted as follows:

1. Thevaluesin the program counter (PC), condition code register (CCR), and extended control
register (EXR) are saved to the stack.

2. Theinterrupt mask bit is updated and the T bit is cleared to O.

3. A vector address corresponding to the interrupt source is generated, the start address is |oaded
from the vector table to the PC, and program execution begins from that address.

4.6  Trap Instruction

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

Trap instruction exception handling is conducted as follows:

1. Thevaluesin the program counter (PC), condition code register (CCR), and extended control
register (EXR) are saved to the stack.

2. Theinterrupt mask hit is updated and the T bit is cleared to O.

3. A vector address corresponding to the interrupt source is generated, the start address is|oaded
from the vector table to the PC, and program execution starts from that address.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from 0 to 3, as specified in the instruction code.
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Table 4.5 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table45 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend:
1: Setto 1

0: Clearedto 0
— Retains value prior to execution

4.7 Stack Status after Exception Handling

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

N——— N——
SP—~ EXR
Reserved*
SP— CCR CCR
m- PC T - PC T
.- (24bits) ___| L ___ (24 bits) ___]
N—— X N—— X
(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return

Figure4.2 Stack Statusafter Exception Handling (Advanced M ode)
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4.8 Usage Note

When accessing word data or longword data, this LS| assumes that the lowest address bit is 0. The
stack should always be accessed by word transfer instruction or longword transfer instruction, and
the value of the stack pointer (SP, ER7) should always be kept even. Use the following
instructions to save registers:

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

Use the following instructions to restore registers:

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

Setting SP to an odd value may lead to a malfunction. Figure 4.3 shows an example of what
happens when the SP value is odd.

CCR SP—= R1L H'FFFEFA
SP— H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
el I I .
TRAPA instruction executed MOV.B R1L, @-ER7 executed
—
SP set to H'FFFEFF Data saved above SP Contents of CCR lost

Legend:

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP:  Stack pointer

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

Figure4.3 Operation When SP Valuels Odd
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Section 5 Interrupt Controller

51 Features

This LSI controls interrupts with the interrupt controller. The interrupt controller has the following
features:

Two interrupt control modes

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

Priorities settable with IPR

— Aninterrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI. NMI is assigned the
highest priority level of 8, also accepted (using nesting) during interrupt processing.
Additionally accepted during state 12 if Opcode = H'57F3.

Independent vector addresses

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

Nine external interrupts

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

DTC and DMAC* control

— The DTC and DMAC* can be activated by an interrupt request.

Note: * Supported only by the H8S/2239 Group.
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Section 5 Interrupt Controller

A block diagram of the interrupt controller is shownin figure 5.1.

INTM1, INTMO CPU
|SYSCR|:
NMIEG L
NMI input NMI input unit Interrupt
request
I 1| IRQinputunit
IRQ input — ISR —1
Vector number

prory

determination

|

‘ ] CCR I
Internal interrupt 12to 10 |

request [ exr ]

SWDTEND to TEI3

Interrupt controller

Legend:

ISCR: IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

IPR: Interrupt priority register

SYSCR: System control register

Figure5.1 Block Diagram of Interrupt Controller
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5.2

I nput/Output Pins

Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Pin Configuration

Name 110 Function

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

IRQ7 Input Maskable external interrupts.

RQ6 Input Rising, falling, or both edges, or level sensing can be selected.

IRQ5 Input

IRQ4 Input

IRQ3 Input

IRQ2 Input

IRQT Input

IRQO Input

5.3 Register Descriptions

The interrupt controller has the following registers. For the system control register, see section
3.2.2, System Control Register (SY SCR).

e System control register (SY SCR)

e |RQ sense control register H (ISCRH)
¢ |RQ sense control register L (ISCRL)
¢ |RQ enableregister (IER)
¢ |RQ statusregister (ISR)

e Interrupt priority register A (IPRA)
e Interrupt priority register B (IPRB)
e Interrupt priority register C (IPRC)
e Interrupt priority register D (IPRD)
e Interrupt priority register E (IPRE)
o Interrupt priority register F (IPRF)

e Interrupt priority register G (IPRG)
e Interrupt priority register H (IPRH)
e Interrupt priority register | (IPRI)
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e Interrupt priority register J (IPRJ)

o Interrupt priority register K (IPRK)
e Interrupt priority register L (IPRL)
o Interrupt priority register O (IPRO)

531 Interrupt Priority Registers A toL, and O (IPRA to IPRL, IPRO)

The IPR registers are thirteen 8-bit readable/writable registers that set priorities (levels 7 to 0) for
interrupt sources other than NMI. The correspondence between interrupt sources and IPR settings
is shown in table 5.2. Setting a value in the range from H'0 to H'7 in the 3-bit groups of bits 0 to 2
and 4 to 6 setsthe priority of the corresponding interrupt.

Bit Bit Name

Initial
Value

R/W

Description

7 J—

0

Reserved

This bit is always read as 0, and cannot be modified.

IPR6
IPR5
IPR4

R/W
R/W
R/W

Sets the priority of the corresponding interrupt source

000:
001:
010:
011:
100:
101:
110:
111:

Priority level O (Lowest)
Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7 (Highest)

Reserved

This bit is always read as 0, and cannot be modified.

2 IPR2
IPR1
0 IPRO

R/W
R/W
R/W

Sets the priority of the corresponding interrupt source.

000:
001:
010:
011:
100:
101:
110:
111:

Priority level O (Lowest)
Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7 (Highest)
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532 IRQ Enable Register (IER)

IER controls the enabling and disabling of interrupt requests IRQn (n =7 to 0).

Initial

Bit Bit Name Value R/W Description
7 IRQ7E 0 R/W IRQ7 Enable

The IRQ7 interrupt request is enabled when this bit is 1.
6 IRQ6E 0 R/W  IRQ6 Enable

The IRQ6 interrupt request is enabled when this bit is 1.
5 IRQ5E 0 R/W  IRQ5 Enable

The IRQ5 interrupt request is enabled when this bit is 1.
4 IRQ4E 0 R/W  IRQ4 Enable

The IRQ4 interrupt request is enabled when this bit is 1.
3 IRQ3E 0 R/W  IRQ3 Enable

The IRQ3 interrupt request is enabled when this bit is 1.
2 IRQ2E 0 R/W  IRQ2 Enable

The IRQ2 interrupt request is enabled when this bit is 1.
1 IRQ1E 0 R/W IRQ1 Enable

The IRQ1 interrupt request is enabled when this bit is 1.
0 IRQOE 0 R/W IRQO Enable

The IRQO interrupt request is enabled when this bit is 1.

5.3.3 IRQ Sense Control RegistersH and L (ISCRH and ISCRL)

The ISCR registers select the source that generates an interrupt request at pinsIRQn (n =7 to 0).
Specifiable sources are the falling edge, rising edge, or both edge detection, and level sensing.
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Bit

Bit Name

Initial
Value

R/W

Description

15
14

IRQ7SCB
IRQ7SCA

0
0

R/W
R/W

IRQ7 Sense Control B
IRQ7 Sense Control A

00: Interrupt request generated at IRQ7 input level low

01: Interrupt request generated at falling edge of IRQ7
input

10: Interrupt request generated at rising edge of IRQ7
input

11: Interrupt request generated at both falling and rising
edges of IRQ7 input

13
12

IRQ6SCB
IRQBSCA

R/W
R/W

IRQ6 Sense Control B
IRQ6 Sense Control A

00: Interrupt request generated at IRQ6 input level low

01: Interrupt request generated at falling edge of IRQ6
input

10: Interrupt request generated at rising edge of IRQ6
input

11: Interrupt request generated at both falling and rising
edges of IRQ6 input

11
10

IRQ5SCB
IRQ5SCA

R/W
R/W

IRQ5 Sense Control B
IRQ5 Sense Control A

00: Interrupt request generated at IRQ5 input level low

01: Interrupt request generated at falling edge of IRQ5
input

10: Interrupt request generated at rising edge of IRQ5
input

11: Interrupt request generated at both falling and rising
edges of IRQ5 input

9
8

IRQ4SCB
IRQ4SCA

R/W
R/W

IRQ4 Sense Control B
IRQ4 Sense Control A

00: Interrupt request generated at IRQ4 input level low

01: Interrupt request generated at falling edge of IRQ4
input

10: Interrupt request generated at rising edge of IRQ4
input

11: Interrupt request generated at both falling and rising
edges of IRQ4 input
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Bit

Bit Name

Initial
Value

R/W

Description

7
6

IRQ3SCB
IRQ3SCA

0
0

R/W
R/W

IRQ3 Sense Control B
IRQ3 Sense Control A

00: Interrupt request generated at IRQ3 input level
low

01: Interrupt request generated at falling edge of
IRQS input

10: Interrupt request generated at rising edge of IRQ3
input

11: Interrupt request generated at both falling and
rising edges of IRQ3 input

IRQ2SCB
IRQ2SCA

R/W
R/W

IRQ2 Sense Control B
IRQ2 Sense Control A

00: Interrupt request generated at IRQ2 input level
low

01: Interrupt request generated at falling edge of
IRQ2 input

10: Interrupt request generated at rising edge of IRQ2
input

11: Interrupt request generated at both falling and
rising edges of IRQ2 input

IRQ1SCB
IRQ1SCA

R/W
R/W

IRQ1 Sense Control B
IRQ1 Sense Control A

00: Interrupt request generated at IRQ1 input level
low

01: Interrupt request generated at falling edge of
IRQ1 input

10: Interrupt request generated at rising edge of IRQ1
input

11: Interrupt request generated at both falling and
rising edges of IRQ1 input

IRQOSCB
IRQOSCA

R/W
R/W

IRQO Sense Control B
IRQO Sense Control A

00: Interrupt request generated at IRQO input level
low

01: Interrupt request generated at falling edge of
IRQO input

10: Interrupt request generated at rising edge of IRQO
input

11: Interrupt request generated at both falling and
rising edges of IRQO input
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534  IRQ StatusRegister (ISR)

ISR indicates the status of IRQnN (n =7 to 0) interrupt requests.

Initial
Bit Bit Name Value R/W Description
7 IRQ7F 0 R/W*  IRQ7 to IRQO Flags
6 IRQ6F 0 R/W* Indicates the status of IRQ7 to IRQO interrupt requests.
5 IRQ5F 0 R/W*  [Setting condition]
4 IRQ4F 0 R/W*  When the interrupt source selected by the ISCRH, or
3 IRQ3F 0 RIW* ISCRL occurs
2 IRQ2F 0 RIW* [Clearing conditions]
1 IRQ1F 0 rR/w* ¢ Cleared by reading IRQnF flag when IRQnF =1, then
0 IRQOF 0 RIW* writing O to IRQNF flag

When interrupt exception handling is executed when
low-level detection is set and TRQn input is high level
When IRQn interrupt exception handling is executed
when falling, rising, or both-edge detection is set
When the DTC is activated by an IRQn interrupt, and
the DISEL bit in MRB of the DTC is cleared to 0

Note: * Only O can be written to this bit to clear the flag.
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54 Interrupt Sour ces

54.1 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. These interrupts can be used to restore
this LS| from software standby mode.

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

IRQnN Interrupts (n =7to 0): IRQN interrupts are requested by an input signal at IRQn pins.
IRQn interrupts have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at IRQn pins.

e Enabling or disabling of IRQn interrupt requests can be selected with IER.

e Theinterrupt priority level can be set with IPR.

e The status of IRQn interrupt requestsisindicated in ISR. ISR flags can be cleared to 0 by
software.

A block diagram of IRQn interruptsis shown in figure 5.2.

IRQNE
IRQNSCA, IRQNSCB

¢ IRQNF
IRQn interrupt
Edgel/level
| | E detection circuit S Q request

IRQnN input

Clear signal
Note: n=71t00

Figure5.2 Block Diagram of IRQn Interrupts

The set timing for IRQNF is shown in figure 5.3.
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o

IRQnN \

input pin

IRQNF

Note: n=71t0 0

Figure5.3 Set Timingfor IRQnF

The detection of |RQn interrupts does not depend on whether the relevant pin has been set for
input or output. However, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0; and use the pin as an I/O pin for another function. IRQNF interrupt
request flag is set to 1 when the setting condition is satisfied, regardless of 1ER settings.
Accordingly, refer to only necessary flags.

54.2 Internal Interrupts

Internal interrupts that are requested from the on-chip peripheral modules have the following
features.

o For each on-chip peripheral module, there are flags that indicate the interrupt request status,
and enable hits that select enabling or disabling of these interrupts, and they are masked
independently. If the enable bit is set to 1 for a particular interrupt source, an interrupt request
isissued to theinterrupt controller.

e Theinterrupt priority level can be set with IPR.

e TPU and SCI interrupt requests can activate the DMAC* or DTC. When the DMAC* or DTC
is activated by the interrupt request, the interrupt control mode and CPU interrupt mask bits are
disregarded.

Note: * Supported only by the H8S/2239 Group.

54.3 Interrupt Exception Handling Vector Table

Table 5.2 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. Modules set at the same priority will
conform to their default priorities. Priorities within a module are fixed.
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Table5.2 Interrupt Sources, Vector Addresses, and Interrupt Priorities
Vector
Address**
Origin of Vector Advanced
Interrupt Source Interrupt Source Number Mode IPR*? Priority
External Pin NMI 7 H'001C High
IRQO 16 H'0040 IPRAG to IPRA4 1
IRQ1 17 H'0044 IPRA2 to IPRAO
IRQ2 18 H'0048 IPRB6 to IPRB4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to IPRBO
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to IPRC4
IRQ7 23 H'005C
DTC SWDTEND 24 H'0060 IPRC2 to IPRCO
(completion of software
initiation data transfer)
Watchdog timer 0 WOVIO 25 H'0064 IPRD6 to IPRD4
(interval timer 0)
PC break PC break 27 H'006C IPREG6 to IPRE4
A/D ADI (completion of A/D 28 H'0070 IPRE2 to IPREO
conversion)
Watchdog timer 1 WoVvii 29 H'0074
(interval timer 1)
— Reserved 30 H'0078
31 H'007C
TPU channel 0 TGIOA (TGROA input 32 H'0080 IPRF6 to IPRF4
capture/compare-match)
TGIOB (TGROB input 33 H'0084
capture/compare-match)
TGIOC (TGROC input 34 H'0088
capture/compare-match)
Low
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Vector
Address**
Origin of Vector Advanced
Interrupt Source Interrupt Source Number Mode IPR*? Priority
TPU channel 0 TGIOD (TGROD input 35 H'008C IPRF6 to IPRF4  High
capture/compare-match) 4
TCIOV (overflow 0) 36 H'0090
— Reserved 37 H'0094
38 H'0098
39 H'009C
TPU channel 1 TGI1A (TGR1A input 40 H'00AO0 IPRF2 to IPRFO
capture/compare-match)
TGI1B (TGR1B input 41 H'00A4
capture/compare-match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TPU channel 2 TGI2A (TGR2A input 44 H'00BO IPRG6 to IPRG4
capture/compare-match)
TGI2B (TGR2B input 45 H'00B4
capture/compare-match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) 47 H'00BC
TPU channel 3** TGI3A (TGR3A input 48 H'00CO IPRG2 to IPRGO
capture/compare-match)
TGI3B (TGR3B input 49 H'00C4
capture/compare-match)
TGI3C (TGR3C input 50 H'00C8
capture/compare-match)
TGI3D (TGR3D input 51 H'00CC
capture/compare-match)
TCI3V (overflow 3) 52 H'00D0 Low
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Vector
Address**
Origin of Vector m
Interrupt Source Interrupt Source Number Mode IPR*? Priority
— Reserved 53 H'00D4 IPRG2 to IPRGO High
54 H'00D8 1
55 H'00DC
TPU channel 4** TGI4A (TGR4A input 56 H'00EOQ IPRH6 to IPRH4
capture/compare-match)
TGI4B (TGR4B input 57 H'O0E4
capture/compare-match)
TCl4V (overflow 4) 58 H'00E8
TCIl4U (underflow 4) 59 H'O0EC
TPU channel 5** TGI5A (TGR5A input 60 H'00FO0 IPRH2 to IPRHO
capture/compare-match)
TGI5B (TGR5B input 61 H'O0F4
capture/compare-match)
TCI5V (overflow 5) 62 H'00F8
TCI5U (underflow 5) 63 H'00FC
8-bit timer channel 0  CMIAO (compare-match A0) 64 H'0100 IPRI6 to IPRI4
CMIBO (compare-match BO) 65 H'0104
OVIO (overflow 0) 66 H'0108
— Reserved 67 H'010C
8-bit timer channel 1~ CMIAL (compare-match A1) 68 H'0110 IPRI2 to IPRIO
CMIB1 (compare-match B1) 69 H'0114
OVI1 (overflow 1) 70 H'0118
— Reserved 71 H'011C Low
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Vector
Address**

Origin of Vector Advanced
Interrupt Source Interrupt Source Number Mode IPR*? Priority
DMAC** DENDOA (completion of 72 H'0120 IPRJ6 to IPRJ4  High

channel O/channel OA transfer) 4

DENDOB (completion of 73 H'0124

channel OB transfer)

DEND1A (completion of 74 H'0128

channel 1/channel 1A transfer)

DEND1B (completion of 75 H'012C

channel 1B transfer)
SCI ERIO (receive error 0) 80 H'0140 IPRJ2 to IPRJO
channel 0 RXI0 (receive completion 0) 81 H'0144

TXIO (transmit data empty 0) 82 H'0148

TEIO (transmit end 0) 83 H'014C
SCI ERI1 (receive error 1) 84 H'0150 IPRK®6 to IPRK4
channel 1 RXI1 (receive completion 1) 85 H'0154

TXI1 (transmit data empty 1) 86 H'0158

TEI1 (transmit end 1) 87 H'015C
SCI ERI2 (receive error 2) 88 H'0160 IPRK2 to IPRKO
channel 2**

RXI2 (receive completion 2) 89 H'0164

TXI2 (transmit data empty 2) 90 H'0168

TEI2 (transmit end 2) 91 H'016C
8-bit timer channel 2** CMIA2 (compare-match A2) 92 H'0170 IPRLS6 to IPRL4

CMIB2 (compare-match B2) 93 H'0174

OVI2 (overflow 2) 94 H'0178
— Reserved 95 H'017C Low
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Interrupt Controller

Vector
Address**

Origin of Vector Advanced
Interrupt Source Interrupt Source Number Mode IPR*? Priority
8-bit timer channel 3** CMIA3 (compare-match A3) 96 H'0180 IPRL6 to IPRL4  High

CMIB3 (compare-match B3) 97 H'0184 i

OVI3 (overflow 3) 98 H'0188
— Reserved 99 H'018C
IIC channel 0** 11CI0 (1-byte transmission/ 100 H'0190 IPRL2 to IPRLO
(option) reception completion)

Reserved 101 H'0194
IIC channel 1** IICI1 (1-byte transmission/ 102 H'0198 IPRL2 to IPRLO
(option) reception completion)

Reserved 103 H'019C
IEB*® IEBSI (receive status) 104 H'01A0 IPRM6 to IPRM4

IERxI (RXRDY) 105 H'01A4

IETxI (TXRDY) 106 H'01A8

TETSI (transmit status) 107 H'01AC
SCI ERI3 (receive error 3) 120 H'01EO IPRO6 to IPRO4
channel 3 RXI3 (receive completion 3) 121 H'01E4

TXI3 (transmit data empty 3) 122 H'01E8

TEI3 (transmit end ) 123 H'01EC

Low

Notes: 1. Lower 16 bits of the start address.

2. IPR6 to IPR4, and IPR2 to IPRO bits are reserved, because these bits have no
corresponding interruption. These bits are always read as 0 and cannot be modified.

o0k w

Not available in the H8S/2227 Group.
Not available in the H8S/2237 Group and H8S/2227 Group.
Supported only by the H8S/2239 Group.
Supported only by the H8S/2258 Group.
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55 Operation

55.1 Interrupt Control Modes and Interrupt Operation
Interrupt operationsin this LS| differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip peripheral module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to 0 disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5.3 shows the interrupt control modes.

Theinterrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in IPR, and the masking state indicated
by the | bit in the CPU’s CCR, and bits 12 to 10in EXR.

Table5.3 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — | Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 5.4 shows the block diagram of the priority decision circuits.

Interrupt
control

mode 0 |

Interrupt

acceptance
control

e Default priority
Interrupt source > Vector number
P — determination 3

8-level

mask control

L

Interrupt control mode 2

Figure5.4 Block Diagram of Interrupt Control Operation

Interrupt Acceptance Control: Ininterrupt control mode O, interrupt acceptance is controlled by
thel bitin CCR.

Table 5.4 shows the interrupts selected in each interrupt control mode.

Table5.4 Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode I Selected Interrupts
0 0 All interrupts
1 NMI interrupts

2 All interrupts

Legend: x: Don't care

X

8-Level Control: Ininterrupt control mode 2, 8-level mask level determination is performed for
the selected interrupts in interrupt acceptance control according to the interrupt priority level
(IPR).
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Theinterrupt source selected is the interrupt with the highest priority level, and whose priority
level setin IPR is higher than the mask level.

Table5.5 InterruptsSelected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10).

Default Priority Determination: When an interrupt is selected by 8-level control, its priority is
determined and a vector number is generated.

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

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

Table5.6 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt
Interrupt Setting Acceptance 8-Level Control Default Priority T
Control Control L
Mode ontro Determination | (Trace)
INTM1 | INTMO I 121010 IPR

0 0 0 (0] IM X — . 0 _

2 1 0 X — o) IM PR o) T
Legend:

O: Interrupt operation control performed.

X:  No operation (All interrupts enabled).

IM: Used as interrupt mask bit.

PR: Sets priority.

—: Not used.

Notes: 1. Setto 1 when interrupt is accepted.
2. Keep the initial setting.
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55.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts, IRQ interrupts and on-chip peripheral module interrupts
can be set by means of the | bit in the CPU’s CCR. Interrupts are enabled when the | bit is cleared
to 0, and disabled when set to 1.

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

1.

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

If thel bit isset to 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending. If the | bit is cleared, an interrupt request is accepted.

Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

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

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

Next, the | bitin CCR is set to 1. This masks all interrupts except NMI.

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

Interrupt generate

No

Hold

pending

-

A

| Save PC and CCR

1

| le1

!

| Read vector address

|Branch to interrupt handling routinel

Figure5.5 Flowchart of Procedure Up

to Interrupt Acceptance

in Interrupt Control Mode O
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553 Interrupt Control Mode 2

Eight-level masking isimplemented for IRQ interrupts, and on-chip peripheral module interrupts
by comparing the interrupt mask level set by bits 12 to 10 of EXR in the CPU with IPR.

Figure 5.6 shows a flowchart of the interrupt acceptance operation in this case.

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

2. When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If anumber of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.2 is selected.

3. Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

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

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

6. TheT bitin EXRiscleared to 0. The interrupt mask level is rewritten with the priority leve of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level isset to H'7.

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

nterrupt gm\l\lo

Yes

. No
Level 7 interrupt?

Yes

Mask level 6 No
or below?
Yes N
Mask level 5 o
or below?

Yes

Level 6 interrupt?

A

[ savePc, ccr, and EXR | Hold
pending
1
I |

Clear T bitto 0

!

| Update mask level |

1

| Read vector address |

|Branch to interrupt handling routinel

Figure5.6 Flowchart of Procedure Up to Interrupt Acceptancein Control Mode 2

554 Interrupt Exception Handling Sequence

Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode O is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure5.7 Interrupt Exception Handling
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555 Interrupt Response Times

This LSl is capable of fast word transfer to on-chip memory, has the program areain on-chip
ROM and the stack areain on-chip RAM, enabling high-speed processing.

Table 5.7 shows interrupt response times—the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status

symbols used in table 5.7 are explained in table 5.8.

Table5.7 Interrupt Response Times

Normal Mode*®

Advanced Mode

No. Execution Status INTM1=0 INTM1=1

INTM1=0 INTM1=1

1 Interrupt priority 3 3
determination™*

3 3

2 Number of wait states until ~ 1to 19 +2.S, 1to 19 + 2-S,
executing instruction ends**

1t019+2S 1t019+2S,

3 PC, CCR, EXR stack save 2-S, 3-S, 2-S, 3-S,

4 Vector fetch S S, 2:S, 2:S,

5 Instruction fetch™* 2'S, 2:S, 2'S, 2'S,

6 Internal processing™* 2 2 2 2

Total (using on-chip memory) 11to 31 12to 32 12 to 32 13to 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.

3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.
5

. Not available in this LSI.
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Table5.8 Number of Statesin Interrupt Handling Routine Execution Status

Object of Access

External Device

8 Bit Bus 16 Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation S,
Legend:

m: Number of wait states in an external device access.

5.5.6 DTC and DMAC* Activation by Interrupt

The DTC and DMAC* can be started by interrupts. The following settings are required for this
operation.

1. Interrupt request to the CPU

2. Start request tothe DTC

3. Start request to the DMAC*

4. Multiple specification of items 1 to 3.

See section 8, DMA Controller (DMAC)*, and section 9, Data Transfer Controller (DTC) for
more information on the interrupts that can start the DTC and DMAC*.

Figure 5.8 shows the block diagram of the DTC, DMAC*, and interrupt controller circuits.

Note: * Supported only by the H8S/2239 Group.
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DMAC*
= ©
g =
2 &
o @
2 Q@
n O
|
DTC start
Interrupt request R — request vector
— ———1———— Selection number
IRQ circuit —
interrupt
ﬂ Selection
signal Clear .
signal Control logic DTC
Interrupt source DTCER ;
Internal clear signal Clear signal
peripheral 9 .
function
modules
DTVECR -~
SWDTE
clear signal CPU interrupt
request vector
Determination of number CPU
priority 1,12 t0 10
Interrupt controller -

Note: * Supported only by the H8S/2239 Group.

Figure5.8 DTC and DMAC* Interrupt Control
(1) Interrupt Source Selection

The DMAC* startup sources are directly input to each channel. The startup source for each
DMAC* channel is selected by the DMACR DTF3 to DTFO bits. Whether or not the selected
startup source is managed by the DMAC* can be selected with the DMABCR DTA bit. If the
DTA bitisset to 1, theinterrupt source that has become the DMAC* startup source will not be
either aDTC startup source or a CPU interrupt source.

Interrupt sources other than the interrupt managed by the DMAC* are selected to be DTC startup
sources or CPU interrupt requests by the DTC DTCERA to DTCERF DTCE bits.

After aDTC datatransfer, a CPU interrupt can be requested by clearing the DTCE bit to O by
specifying that with the DTC MRB DISEL bit.

Note that when the DTC has performed the stipulated number of data transfers and the transfer
counter has become 0, the DTCE bit can be cleared to 0 and a CPU interrupt can be requested.

Note: * Supported only by the H85/2239 Group.
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(2) Determination of priority

The DTC startup source is selected according to the default priority. Thisis not influenced by the
mask level or the priority level. See section 9.4, Location of Register Information and DTC Vector
Table, for details on these priorities.

The startup sources are directly input to each channel in the DMAC*.
Note: * Supported only by the H8S/2239 Group.
(3) Operating Sequence

When the same interrupt is selected as both the DTC startup source and a CPU interrupt source,
the DTC data transfer is performed and then the CPU interrupt exception handling is performed.

When the same interrupt is selected as both the DMAC* startup source and either the DTC startup
source or a CPU interrupt source, the operations are performed independently. They are performed
according to the operating states and the bus priorities.

Table 5.9 shows the interrupt source selection and the interrupt source clear control according to
the settings of the DMAC* DMABCR DTA hit, the DTC DTCERA to DTCERF DTCE hits, and
the DTC MRB DISEL bit.

Note: * Supported only by the H8S/2239 Group.

Table5.9 Interrupt Source Selection and Clear Control
Settings Interrupt source selection and clear control
DMAC*! DTC
DTA DTCE DISEL DMAC™ DTC CPU
0 0 * O x ©
1 0 O © x
1 O O ©
1 * * © x x
Legend:
©: The corresponding interrupt is used. The interrupt source is cleared.

(The CPU must clear the source flag in the interrupt handler.)

The corresponding interrupt is used. The interrupt source is not cleared.
The corresponding interrupt is not used.

: Don't care

Note: 1. Supported only by the H8S/2239 Group.

*x 0O
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(4) Usage Notes

The SCI and A/D converter interrupt sources are cleared when the DMAC* or DTC reads or
writes the stipulated register. This does not depend on the DTA, DTCE, and DISEL bits.

Note: * Supported only by the H8S/2239 Group.
5.6 Usage Notes

5.6.1 Contention between Interrupt Generation and Disabling

When an interrupt enable hit is cleared to 0 to disable interrupt requests, the disabling becomes
effective after execution of theinstruction.

When an interrupt enable bit is cleared to 0 by an instruction such asBCLR or MOV, and if an
interrupt is generated during execution of the instruction, the interrupt concerned will still be
enabled on completion of the instruction, and so interrupt exception handling for that interrupt will
be executed on completion of the instruction. However, if there is an interrupt request of higher
priority than that interrupt, interrupt exception handling will be executed for the higher-priority
interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to 0.

Figure 5.9 shows an example in which the CMIEA bit in the TCR register of the 8-bit timer is
cleared to O.

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.
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TCR write cycle by CPU CMIA exception handling
- >t

Internal

address bus TCR address X

-l

Internal
write signal I
|

CMIEA , i

CMFA

CMIA
interrupt signal

Figure5.9 Contention between Interrupt Generation and Disabling

5.6.2 Instructionsthat Disable Interrupts

The instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions are executed, al interrupts including NMI are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomesvalid
two states after execution of the instruction ends.

5.6.3 When Interruptsare Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

Theinterrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.

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

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

Rev. 6.00 Mar. 18, 2010 Page 155 of 982
REJ09B0054-0600

RENESAS



Section 5 Interrupt Controller

With the EEPMOV.W instruction, if an interrupt request isissued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if aninterrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1l: EEPMOV.W
MOV.W R4,R4
BNE Ll

5.6.5 IRQ Interrupt

When operating by clock input, acceptance of input to an IRQ is synchronized with the clock. In
software standby mode, watch mode, subactive mode and subsleep mode, the input is accepted
asynchronously. For details on the input conditions, see Operating Timing in section 27, Electrical
Characterigtics.

5.6.6 NMI Interrupts Usage Notes

The NMI interrupt is part of the exception processing performed cooperatively by the LSI's
internal interrupt controller and the CPU when the system is operating normally under the
specified electrical conditions. No operations, including NMI interrupts, are guaranteed when
operation is not normal (runaway status) due to software problems or abnormal input tothe LSI’'s
pins. In such cases, the LSI may be restored to the normal program execution state by applying an
external reset.
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Section 6 PC Break Controller (PBC)

The PC break controller (PBC) provides functions that simplify program debugging. Using these
functions, it is easy to create a self-monitoring debugger, enabling programs to be debugged with
the chip alone, without using an in-circuit emulator. A block diagram of the PC break controller is
shown in figure 6.1.

6.1 Features

e Two break channels (A and B)
e 24-bit break address
— Bit masking possible
o Four types of break compare conditions
— Ingtruction fetch
— Dataread
— Datawrite
— Dataread/write
e Busmaster
— Either CPU or CPU/DTC can be selected
e Thetiming of PC break exception handling after the occurrence of abreak conditionisas
follows:
— Immediately before execution of the instruction fetched at the set address (instruction
fetch)
— Immediately after execution of the instruction that accesses data at the set address (data
access)
e Module stop mode can be set
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Mask control

Control
logic

Output control

Match signal

Internal address

PC break

Access interrupt

status I
Comparator Contro
logic

Match signal

Mask control

Output control

| BARB |

Figure6.1 Block Diagram of PC Break Controller

6.2 Register Descriptions
The PC break controller has the following registers.

e Break addressregister A (BARA)

e Break addressregister B (BARB)

e Break control register A (BCRA)

e Break control register B (BCRB)

6.2.1 Break Address Register A (BARA)

BARA isa 32-hit readable/writable register that specifies the channel A break address.

Bit Bit Name Initial Value R/W Description

31to24 — Undefined — Reserved

These bits are read as an undefined value
and cannot be modified.

23to0 BAA23 to BAAO AllO R/W Break Address 23to 0

These bits set the channel A PC break
address.
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6.2.2 Break Address Register B (BARB)

BARB isthe channel B break address register. The bit configuration is the same asfor BARA.

6.2.3 Break Control Register A (BCRA)

BCRA controls channel A PC breaks.

Bit Bit Name Initial Value R/W Description

7 CMFA 0 R/I(W)**  Condition Match Flag A
[Setting condition]
When a condition set for channel A is satisfied
[Clearing condition]
When 0 is written to CMFA after reading*? CMFA

=1
6 CDA 0 R/W CPU Cycle/DTC Cycle Select A
Selects the channel A break condition bus master.
0: CPU
1: CPU, DTC, or DMAC*®
5 BAMRA2 O R/W Break Address Mask Register A2 to AO
4 BAMRAL 0 R/W These bits specify which bits of the break address
3 BAMRAO 0O R/W set in BARA are to be masked.

000: BAA23 to 0 (All bits are unmasked)

001: BAA23 to 1 (Lowest bit is masked)

010: BAA23 to 2 (Lower 2 bits are masked)
011: BAA23 to 3 (Lower 3 hits are masked)
100: BAA23 to 4 (Lower 4 bits are masked)
101: BAA23 to 8 (Lower 8 bits are masked)
110: BAA23 to 12 (Lower 12 bits are masked)
111: BAA23 to 16 (Lower 16 bits are masked)

2 CSELA1l 0 R/W Break Condition Select
1 CSELAO 0 R/W Selects break condition of channel A.
00: Instruction fetch
01: Data read cycle
10: Data write cycle
11: Data read/write cycle
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Bit Bit Name Initial Value R/W Description

0

BIEA 0 R/W Break Interrupt Enable

When this bit is 1, the PC break interrupt request
of channel A is enabled.

Notes: 1. Only a 0 can be written to this bit to clear the flag.

2. Read the state wherein CMFA = 1 twice or more, when the CMFA is polled after
inhibiting the PC break interruption.

3. Supported only by the H8S/2239 Group.

6.2.4 Break Control Register B (BCRB)

BCRB isthe channel B break control register. The bit configuration is the same as for BCRA.

6.3 Operation

The operation flow from break condition setting to PC break interrupt exception handling is
shown in section 6.3.1, PC Break Interrupt Due to Instruction Fetch, and section 6.3.2, PC Break
Interrupt Due to Data Access, taking the example of channel A.

6.3.1 PC Break Interrupt Dueto Instruction Fetch

1.

Set the break addressin BARA.

For a PC break caused by an instruction fetch, set the address of the first instruction byte as the
break address.

Set the break conditionsin BCRA.

Set bit 6 (CDA) to 0 to select the CPU because the bus master must be the CPU for a PC break
caused by an instruction fetch. Set the address bits to be masked to bits5to 3 (BAMRA2 to 0).
Set bits 2 and 1 (CSELA1 and 0) to 00 to specify an instruction fetch as the break condition.
Set bit 0 (BIEA) to 1 to enable break interrupts.

When the instruction at the set address is fetched, a PC break request is generated immediately
before execution of the fetched instruction, and the condition match flag (CMFA) is set.

After priority determination by the interrupt controller, PC break interrupt exception handling
is started.
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6.3.2 PC Break Interrupt Dueto Data Access

Set the break addressin BARA.

For a PC break caused by a data access, set the target ROM, RAM, 1/0O, or external address
space address as the break address. Stack operations and branch address reads are included in
data accesses.

Set the break conditionsin BCRA.

Select the bus master with bit 6 (CDA). Set the address bits to be masked to bits 5 to 3
(BAMRAZ2 10 0). Set bits2 and 1 (CSELA1 and 0) to 01, 10, or 11 to specify data access as the
break condition. Set bit 0 (BIEA) to 1 to enable break interrupts.

. After execution of the instruction that performs a data access on the set address, a PC break

request is generated and the condition match flag (CMFA) is set.

After priority determination by the interrupt controller, PC break interrupt exception handling
is started.

6.3.3 Notes on PC Break Interrupt Handling

When a PC break interrupt is generated at the transfer address of an EEPMOV .B instruction

PC break exception handling is executed after all data transfers have been completed and the
EEPMOQV .B instruction has ended.

When a PC break interrupt is generated at a DTC transfer address

PC break exception handling is executed after the DTC has completed the specified number of
datatransfers, or after datafor which the DISEL bit is set to 1 has been transferred.

6.34 Operation in Transitionsto Power-Down Modes

The operation when a PC break interrupt is set for an instruction fetch at the address after a
SLEEP instruction is shown below.

When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
sleep mode, or from subactive mode to subsleep mode:

After execution of the SLEEP instruction, atransition is not made to sleep mode or subsleep
mode, and PC break interrupt handling is executed. After execution of PC break interrupt
handling, the instruction at the address after the SLEEP instruction is executed (figure 6.2 (A)).

When the SLEEP instruction causes a transition from high speed mode to subactive mode
(figure 6.2 (B)).

When the SLEEP instruction causes a transition from subactive mode to high speed (medium
speed) mode (figure 6.2 (C)).

Rev. 6.00 Mar. 18, 2010 Page 161 of 982
REJ09B0054-0600
RENESAS



Section 6 PC Break Controller (PBC)

e When the SLEEP instruction causes a transition to software standby mode or watch mode:

After execution of the SLEEP instruction, atransition is made to the respective mode, and PC
break interrupt handling is not executed. However, the CMFA or CMFB flag is set (figure 6.2

(D).

SLEEP instruction
execution

Transition to
respective mode

©)

SLEEP instruction SLEEP instruction SLEEP instruction
execution execution execution

PC break exception
handling

A
Execution of instruction Direct transition
after sleep instruction exception handling

()

Subclock —

System clock system clock,

— subclock

oscillation settling time

Direct transition
exception handling

Subactive High-speed

PC break exception mode PC break exception (medium-speed)
handling handling mode
Execution of instructio Execution of instruction
after sleep instruction, after sleep instruction

(B) ©)

t

Figure6.2 Operation in Power-Down Mode Transitions

6.3.5 When Instruction Execution |s Delayed by One State
While the break interrupt enable bit is set to 1, instruction execution is one state later than usual.

e For 1-word branch instructions (Bcc d:8, BSR, JSR, IMP, TRAPA, RTE, and RTS) in on-chip
ROM or RAM.

e When break interruption by instruction fetch is set, the set address indicates on-chip ROM or
RAM space, and that address is used for data access, the instruction that executes the data
access is one state later than in normal operation.

e When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction has one of the addressing
modes shown below, and that address indicates on-chip ROM or RAM, the instruction will be
one state later than in normal operation.

Addressing modes: @ERnN, @(d:16,ERn), @(d:32,ERn), @-ERnW/ERN+, @aa:8, @aa: 24,
@aa:32, @(d:8,PC), @(d:16,PC), @@aa:8

e When break interruption by instruction fetch is set and a break interrupt is generated, if the

executing instruction immediately preceding the set instruction is NOP or SLEEP, or has #xx,
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Rn as its addressing mode, and that instruction is located in on-chip ROM or RAM, the
instruction will be one state later than in normal operation.

6.4  UsageNotes

6.4.1 Module Stop M ode Setting

PBC operation can be disabled or enabled using the module stop control register. The initial
setting is for PBC operation to be halted. Register accessis enabled by clearing module stop
mode. For details, refer to section 24, Power-Down Modes.

6.4.2 PC Break Interrupts

The PC break interrupt is shared by channels A and B. The channel from which the request was
issued must be determined by the interrupt handler.

6.4.3 CMFA and CMFB

The CMFA and CMFB flags are not automatically cleared to 0, so O must be written to CMFA or
CMFB dfter first reading the flag whileitis set to 1. If the flag isleft set to 1, another interrupt
will be requested after interrupt handling ends.

6.4.4 PC Break Interrupt when DTC and DMAC* IsBus Master

A PC break interrupt generated when the DTC and DMAC* isthe bus master is accepted after the
bus has been transferred to the CPU by the bus controller.

Note: * Supported only by the H8S/2239 Group.
6.4.5 PC Break Set for Instruction Fetch at Address Following BSR, JSR, IMP, TRAPA,
RTE, and RTS Instruction

Even if the instruction at the address following a BSR, JSR, IMP, TRAPA, RTE, or RTS
instruction is fetched, it is not executed, and so a PC break interrupt is not generated by the
instruction fetch at the next address.
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6.4.6 | Bit Set by LDC, ANDC, ORC, and XORC Instruction

When the | bitis set by an LDC, ANDC, ORC, and XORC instruction, a PC break interrupt
becomes valid two states after the end of the executing instruction. If a PC break interrupt is set
for the instruction following one of these instructions, since interrupts, including NMI, are
disabled for a 3-state period in the case of LDC, ANDC, ORC, and XOR, the next instruction is
always executed. For details, see section 5, Interrupt Controller.

6.4.7 PC Break Set for Instruction Fetch at Address Following Bcc Instruction
When a PC break is set for an instruction fetch at an address following a Bcc instruction:

A PC break interrupt is generated if the instruction at the next address is executed in accordance
with the branch condition, and is not generated if the instruction at the next address is not
executed.

6.4.8 PC Break Set for Instruction Fetch at Branch Destination Address of Bcc
Instruction

A PC break interrupt is generated if the instruction at the branch destination is executed in
accordance with the branch condition, and is not generated if the instruction at the branch
destination is not executed.
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Section 7 Bus Controller

This LSl has a built-in bus controller (BSC) that manages the external address space divided into
eight areas. The bus controller also has a bus arbitration function, and controls the operation of the
internal bus masters: the CPU, DMA controller (DMAC)*, and data transfer controller (DTC).

Note: * Supported only by the H8S/2239 Group.

7.1 Features

o Manages external address space in area units
— Manages the external space as 8 areas of 2-Mbytes
— Bus specifications can be set independently for each area
— Burst ROM interface can be set
e Basic businterface
— Chip select (CS7 to CS0) can be output for areas 7 to 0
— 8-bit access or 16-bit access can be selected for each area
— 2-state access or 3-state access can be selected for each area
— Program wait states can be inserted for each area
e Burst ROM interface
— Burst ROM interface can be selected for area 0
— One or two states can be selected for the burst cycle
e Idlecycleinsertion
— Idle cycle can be inserted between consecutive read accessesto different areas

— ldle cycle can be inserted before awrite access to an external areaimmediately after aread
access to an external area

e Busarbitration

— The on-chip bus arbiter arbitrates bus mastership among CPU, DMAC*, and DTC.
o Other features

— External busrelease function

Note: * Supported only by the H8S/2239 Group.
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Figure 7.1 shows a block diagram of the bus controller.

Chip select signals

Area decorder

Internal
address bus

Q

Internal control

signals

Bus mode signal

Internal data bus

<—— CPU bus request signal
=—— DTC bus request signal
«— DMAC bus request signal”
— CPU bus acknowledge signal
— DTC bus acknowledge signal

— DMAC bus acknowledge signal*

ABWCR
External bus control signals ASTCR
BCRH
BCRL
BREQ
BACK Bus
controller
ST Wait
WAIT controller WCRH
WCRL
S, Bus arbiter
Legend:

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

WCRL: Wait control register L
BCRH: Bus control register H
BCRL: Bus control register L

Note: * Supported only by the H8S/2239 Group.

Figure7.1 Block Diagram of Bus Controller
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7.2 I nput/Output Pins
Table 7.1 summarizes the pins of the bus controller.

Table7.1 Pin Configuration

Name Symbol 1/0 Function

Address strove ~ AS Output Strobe signal indicating that address output on
address bus is enabled.

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

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

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

Chipselect 7to 0 CS7to CSO  Output Strobe signal indicating that areas 7 to 0 are selected.

Wait WAIT Input  Wait request signal when accessing external 3-state
access space.

Bus request BREQ Input  Request signal that releases bus to external device.

Bus request BACK Output Acknowledge signal indicating that bus has been

acknowledge released.

7.3 Register Descriptions
The following shows the registers of the bus controller.

e Buswidth control register (ABWCR)
e Access state control register (ASTCR)
e Wait control register H (WCRH)

o Wait control register L (WCRL)

e Buscontrol register H (BCRH)

e Buscontrol register L (BCRL )

e Pinfunction control register (PFCR)
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731 Bus Width Control Register (ABWCR)
ABWCR designates each areafor either 8-bit access or 16-hbit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/0 registersisfixed regardless of the settingsin ABWCR.

Bit Bit Name Initial Value R/W Description

7 ABW7 1/0* R/W Area 7 to 0 Bus Width Control

6 ABW6 1/0* R/W These bits select whether the corresponding area is to
5 ABWS5S 1/0* R/W be designated for 8-bit access or 16-bit access.

4 ABW4 1/0* R/W 0: Area n is designated for 16-bit access

3 ABW3 1/0* R/W 1: Area n is designated for 8-bit access

2 ABW2  1/0* rw  Note: n=7t00

1 ABW1 1/0* R/W

0 ABWO 1/0* R/W

Note: * In modes 5 to 7, initial value of each bitis 1. In mode 4, initial value of each bit is 0.

732 Access State Control Register (ASTCR)
ASTCR designates each area as either a 2-state access space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/O registersis fixed regardless of the settingsin ASTCR.

Bit Bit Name Initial Value R/W Description

7 AST7 1 R/W Area 7 to 0 Access State Control

6 AST6 1 R/W These bits select whether the corresponding area is to

5 AST5 1 R/W be designated as a 2-statt_e access space or a 3-st_ate
access space. Wait state insertion is enabled or disabled

4 AST4 1 RIW at the same time.

3 AST3 1 RIW 0: Arean is designated for 2-state access

2 AST2 1 RIW Wait state insertion in area n external space is

1 AST1 1 R/W disabled

0 ASTO 1 R/W 1. Area nis designated for 3-state access

Wait state insertion in area n external space is
enabled

Note: n=7t00
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7.3.3 Wait Control RegistersH and L (WCRH, WCRL)
WCRH and WCRL select the number of program wait states for each area.

Program waits are not inserted in the case of on-chip memory or internal 1/O registers.

e WCRH
Bit Bit Name Initial Value R/W  Description
7 w71 1 R/W  Area 7 Wait Control 1 and 0
6 W70 1 R/W  These bits select the number of program wait states
when area 7 in external space is accessed while the
AST7 bitin ASTCR is set to 1.
00: Program wait not inserted when external space area
7 is accessed
01: 1 program wait state inserted when external space
area 7 is accessed
10: 2 program wait states inserted when external space
area 7 is accessed
11: 3 program wait states inserted when external space
area 7 is accessed
5 W61 1 R/W  Area 6 Wait Control 1 and O
4 W60 1 R/W  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.

00: Program wait not inserted when external space area
6 is accessed

01: 1 program wait state inserted when external space
area 6 is accessed

10: 2 program wait states inserted when external space
area 6 is accessed

11: 3 program wait states inserted when external space
area 6 is accessed
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Bit Bit Name Initial Value R/W

Description

3 w51 1 R/W  Area 5 Wait Control 1 and 0
2 W50 1 R/W  These bits select the number of program wait states
when area 5 in external space is accessed while the
ASTS5 bitin ASTCR is set to 1.
00: Program wait not inserted when external space area
5 is accessed
01: 1 program wait state inserted when external space
area 5 is accessed
10: 2 program wait states inserted when external space
area 5 is accessed
11: 3 program wait states inserted when external space
area 5 is accessed
1 w41 1 R/W  Area 4 Wait Control 1 and 0
0 W40 1 R/W  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.
00: Program wait not inserted when external space area
4 is accessed
01: 1 program wait state inserted when external space
area 4 is accessed
10: 2 program wait states inserted when external space
area 4 is accessed
11: 3 program wait states inserted when external space
area 4 is accessed
e WCRL
Bit Bit Name Initial Value R/W  Description
7 w31l 1 R/W  Area 3 Wait Control 1 and 0
6 w30 1 R/W  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.

00: Program wait not inserted when external space area
3 is accessed

01: 1 program wait state inserted when external space
area 3 is accessed

10: 2 program wait states inserted when external space
area 3 is accessed

11: 3 program wait states inserted when external space
area 3 is accessed
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Bit Bit Name Initial Value R/W  Description
5 w21 1 R/W  Area 2 Wait Control 1 and 0
4 W20 1 R/W  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.
00: Program wait not inserted when external space area
2 is accessed
01: 1 program wait state inserted when external space
area 2 is accessed
10: 2 program wait states inserted when external space
area 2 is accessed
11: 3 program wait states inserted when external space
area 2 is accessed
3 w11l R/W  Area 1 Wait Control 1 and 0
2 w10 R/W  These bits select the number of program wait states
when area 1 in external space is accessed while the
AST1 bitin ASTCR is set to 1.
00: Program wait not inserted when external space area
1is accessed
01: 1 program wait state inserted when external space
area 1 is accessed
10: 2 program wait states inserted when external space
area 1 is accessed
11: 3 program wait states inserted when external space
area 1 is accessed
1 wo1l R/W  Area 0 Wait Control 1 and 0
0 W00 R/W  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.

00: Program wait not inserted when external space area
0 is accessed

01: 1 program wait state inserted when external space
area 0 is accessed

10: 2 program wait states inserted when external space
area 0 is accessed

11: 3 program wait states inserted when external space
area 0 is accessed
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734 Bus Control Register H (BCRH)
BCRH selects enabling or disabling of idle cycle insertion, and the memory interface for area 0.

Bit Bit Name Initial Value R/W  Description

7 ICIS1 1 R/W  Idle Cycle Insert 1

Selects whether or not one idle cycle state is to be
inserted between bus cycles when successive external
read cycles are performed in different areas.

0: Idle cycle not inserted in case of successive external
read cycles in different areas

1. Idle cycle inserted in case of successive external read
cycles in different areas

6 ICISO 1 R/W Idle Cycle Insert 0

Selects whether or not one idle cycle state is to be
inserted between bus cycles when successive external
read and write cycles are performed.

0: Idle cycle not inserted in case of successive external
read and write cycles

1: Idle cycle inserted in case of successive external read
and write cycles

5 BRSTRM 0 R/W  Burst ROM enable

Selects whether area 0 is used as a burst ROM
interface.

0: Area 0 is basic bus interface
1: Area 0 is burst ROM interface

4 BRSTS1 1 R/W  Burst Cycle Select 1

Selects the number of burst cycles for the burst ROM
interface.

0: Burst cycle comprises 1 state
1. Burst cycle comprises 2 states

3 BRSTSO 0 R/W  Burst Cycle Select 0

Selects the number of words that can be accessed in a
burst ROM interface burst access.

0: Max. 4 words in burst access
1: Max. 8 words in burst access

2to — AllO R/W  Reserved
The write value should always be 0.
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7.35 Bus Control Register L (BCRL)

BCRL performs selection of the external bus-released state protocol, and enabling or disabling of

WAIT pin input.

Bit Bit Name Initial Value R/W

Description

7 BRLE 0 R/W

Bus release enable
Enables or disables external bus release.

0: External bus release is disabled. BREQ and BACK
can be used as I/O ports

1: External bus release is enabled

6 — 0 R/W

Reserved
The write value should always be 0.

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

4 — 0 R/W

Reserved
The write value should always be 0.

3 — 1 R/W

Reserved
The write value should always be 1.

2,1 — All O R/W

Reserved
The write value should always be 0.

0 WAITE 0 R/W

WAIT pin enable

Selects enabling or disabling of wait input by the WAIT

pin.

0: Wait input by WAIT pin disabled. WAIT pin can be
used as /O port

1. Wait input by WAIT pin enabled
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7.3.6 Pin Function Control Register (PFCR)

Bit Bit Name Initial Value R/W  Description

7,6 — All 0 R/W  Reserved
The write value should always be 0.
5 BUZZE 0 R/W  BUZZ Output Enable:

This bit selects enabling or disabling of BUZZ output
from pin PF1. WDT_1 input clock that is selected by
PSS, and CKS2 to CKSO bits is output as BUZZ signal.

0: PF1 input/output pin
1: BUZZ output pin

4 — 0 R/W  Reserved
The write value should always be 0.
3 AE3 1/0* R/W  Address Output Enable 3 to 0
2 AE2 1/0* R/W  These bits select enabling or disabling of address
1 AE1 0 R/W  Outputs A_23 to A8 in ROMless extended mode and
. modes with ROM.
0 AEO 1/0 RW  when a pin is enabled for address output, the address is

output regardless of the corresponding DDR setting.
When a pin is disabled for address output, it becomes an
output port when the corresponding DDR bit is set to 1.

0000: A23 to A8 output disabled

0001: A8 output enabled; A23 to A9 output disabled

0010: A9, A8 output enabled; A23 to A10 output disabled
0011: A10 to A8 output enabled; A23 to A11 output disabled
0100: Al1 to A8 output enabled; A23 to A12 output disabled
0101: A12 to A8 output enabled; A23 to A13 output disabled
0110: A13 to A8 output enabled; A23 to A14 output disabled
0111: Al4 to A8 output enabled; A23 to A15 output disabled
1000: A15 to A8 output enabled; A23 to A16 output disabled
1001: A16 to A8 output enabled; A23 to A17 output disabled
1010: A17 to A8 output enabled; A23 to A18 output disabled
1011: A18 to A8 output enabled; A23 to A19 output disabled
1100: A19 to A8 output enabled; A23 to A20 output disabled
1101: A20 to A8 output enabled; A23 to A21 output disabled
1110: A21 to A8 output enabled; A23, A22 output disabled
1111: A23 to A8 output enabled

Note: * In modes 4 and 5, initial value of each bit is 1. In modes 6 and 7, initial value of each bit
is 0.

Rev. 6.00 Mar. 18, 2010 Page 174 of 982
REJ09B0054-0600
RENESAS



Section 7 Bus Controller

7.4 Bus Control

7.4.1 Area Divisions

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 7 to
0, in 2-Mbyte units, and performs bus control for external space in area units. In normal mode*, it
controls a 64-kbyte address space comprising part of area 0.

Figure 7.2 shows an outline of the memory map.
Chip select signals (CS7 to CS0) can be output for each area.

Note: * Not availoableinthisLSl.

H'000000 "~ H0000
Area 0 o
(2 Mbytes) |
H'1FFFFF
H200000 '
Area 1 ':
(2 Mbytes) !
H'3FFFFF
H'400000 '
Area 2 \
2 Mbyt :
(2 Mbytes) | HFFFF.
H'SFFFFF
H'600000
Area 3
(2 Mbytes)
H'7FFFFF
H'800000
Area 4
(2 Mbytes)
H'OFFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'E00000
Area 7
(2 Mbytes)
.. HFFFFFE
(1) Advanced mode (2) Normal mode®
Note: * Not available in this LSI.

Figure7.2 Overview of Area Divisions
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74.2 Bus Specifications

The external space bus specifications consist of three elements. bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal I/O registers are
fixed, and are not affected by the bus controller.

(1) Bus Width: A buswidth of 8 or 16 hits can be selected with ABWCR. An areafor which an
8-hit busis selected functions as an 8-bit access space, and an area for which a 16-bit busis
selected functions as al6-bit access space.

If al areas are designated for 8-bit access, 8-hit bus mode is set; if any areais designated for
16-hit access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus
mode is always set.

(2) Number of Access States: Two or three access states can be selected with ASTCR.

An areafor which 2-state access is selected functions as a 2-state access space, and an areafor
which 3-state access is selected functions as a 3-state access space.

With the burst ROM interface, the number of access states may be determined without regard
to ASTCR.

When 2-state access space is designated, wait insertion is disabled.

(3) Number of Program Wait States. When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and
WCRL.

From O to 3 program wait states can be selected.
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Table7.2 Bus Specificationsfor Each Area (Basic Bus Interface)

ABWCR ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
ABWn ASTn Wn1l WnO Bus Width Number of Access Number of Program
States Wait States
0 0 — — 16 2 0
0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 0
1 1
1 0 2
1 3

7.4.3 BusInterfacefor Each Area

Theinitia state of each areaisbasic bus interface, 3-state access space. Theinitia buswidth is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (7.6, Basic Bus Interface and 7.7, Burst ROM
Interface) should be referred to for further details.

(1) Area O: Area0 includes on-chip ROM, and in ROM-disabled extended mode, all of areaOis
external space. In ROM-enabled extended mode, the space excluding on-chip ROM is external
space.

When area 0 external space is accessed, the CSO0 signal can be outpuit.
Either basic businterface or burst ROM interface can be selected for area 0.

(2) Areas6to 1: In externa extended mode, all of areas 6 to 1 is external space. When area 6 to 1
external space is accessed, the CS6 to CS1 pin signals respectively can be output. Only the
basic bus interface can be used for areas 6 to 1.

(3) Area 7: Area7 includes the on-chip RAM and internal 1/O registers. In external extended
mode, the space excluding the on-chip RAM and internal 1/O registers, is external space. The
on-chip RAM is enabled when the RAME bit in the system control register (SYSCR) is set to
1; when the RAME bit is cleared to 0, the on-chip RAM is disabled and the corresponding
space becomes external space.

When area 7 external space is accessed, the CS7 signal can be outpuit.
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Only the basic bus interface can be used for the area 7.

74.4 Chip Select Signals

This LS can output chip select signals (CS7 to CS0) to areas 7 to 0, the signal being driven low
when the corresponding external space area is accessed. Figure 7.3 shows an example of CSn (n =
7 to 0) output timing. Enabling or disabling of the CSn signal is performed by setting the data
direction register (DDR) for the port corresponding to the particular CSn pin.

In ROM-disabled extended mode, the CS0 pin is placed in the output state after a power-on reset.
Pins CS7 to CS1 are placed in the input state after a power-on reset, and so the corresponding
DDR should be set to 1 when outputting signals CS7 to CS1.

In ROM-enabled extended mode, pins CS7 to CSO are al placed in the input state after a power-on
reset, and so the corresponding DDR should be set to 1 when outputting signals CS7 to CSO0. For
details, see section 10, /O Ports.

Bus cycle

Address bus X Area n external address X

Figure7.3 CSn Signal Output Timing (n=0t07)

7.5 Basic Timing

The CPU isdriven by a system clock (¢), denoted by the symbol ¢. The period from onerising
edge of ¢ to the next isreferred to as a“ state”. The memory cycle or bus cycle consists of one,
two, or three states. Different methods are used to access on-chip memory, on-chip peripheral
modules, and the external address space.
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751 On-Chip Memory (ROM, RAM) Access Timing

On-chip memory is accessed in one state. The data busis 16 bits wide, permitting both byte and
word transfer instruction. Figure 7.4 shows the on-chip memory access cycle. Figure 7.5 shows the
pin states.

0 S/ U A U

Internal address bus X Address X

Read {Intemal read signal :\ /

Internal data bus r Read data

I
access

) Internal write signal N\ /
Write !

Internal data bus : Write data

access

Figure7.4 On-5Chip Memory Access Cycle

' Bus cycle '

Address bus : Unchanged

AS E High E
RD : High :
HWR, LWR : High :
Data bus ;-Iigh-impedance stateé

Figure7.5 Pin Statesduring On-Chip Memory Access
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75.2 On-Chip Peripheral Module Access Timing

The on-chip peripheral modules are accessed in two states. The data busis either 8 bits or 16 bits
wide, depending on the particular internal 1/0 register being accessed. Figure 7.6 shows the access
timing for the on-chip peripheral modules. Figure 7.7 shows the pin states.

Bus cycle

Ty

T2

Internal address bus

Address

access
Internal data bus

X

Read {Internal read signal \ /

-

Write
access

Internal write signal
Internal data bus _5_(

:< Read data >—

Write data

Figure7.6 On-Chip Peripheral Module Access Cycle

Bus cycle

T

Tz

Address bus ; Unchanged ;
s i i
RBRD ; Hilgh ;
R T i
Data bus E ; :

High-impedance state

Figure7.7 Pin Statesduring On-Chip Peripheral Module Access
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753 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in atwo-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 7.6.3, Basic Timing.

7.6 Basic BusInterface

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

7.6.1 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has adata alignment function, and when accessing external space, controls whether the
upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

8-Bit Access Space: Figure 7.8 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D15 to D8) is always used for accesses. The amount of
data that can be accessed at one time is one byte: aword transfer instruction is performed as two-
byte accesses, and a longword transfer instruction, as four-byte accesses.

Upper data bus Lower data bus

Byte size e Even address

Byte size e Odd address EE]

Word size [ 1st bus cycle
| 2nd bus cycle e

Longword [ 1stbus cycle
size 2nd bus cycle
3rd bus cycle

| 4th bus cycle

Figure7.8 Access Sizesand Data Alignment Control (8-Bit Access Space)

16-Bit Access Space: Figure 7.9 illustrates data alignment control for the 16-bit access space.
With the 16-hit access space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are
used for accesses. The amount of data that can be accessed at one time is one byte or one word,
and alongword transfer instruction is executed as two word transfer instructions.
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In byte access, whether the upper or lower databusis used is determined by whether the addressis
even or odd. The upper databusis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 D8, D7 DO,
Byte size e Even address EE]
Byte size e Odd address EE]
Word size NN
Longword [1stbuscycle N e
size 2nd bus cycle | N

Figure7.9 Access Sizesand Data Alignment Control (16-Bit Access Space)

7.6.2 Valid Strobes
Table 7.3 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the
data bus.

In awrite, the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the
lower half.

Table7.3 DataBusesUsed and Valid Strobes

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

Notes: Hi-Z:  High impedance.
Invalid: Input state; input value is ignored.
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7.6.3 Basic Timing

8-Bit 2-State Access Space: Figure 7.10 shows the bus timing for an 8-bit 2-state access space.
When an 8-hit access space is accessed, the upper half (D15 to D8) of the data busis used.

Wait states cannot be inserted.

——— Buscycle ———
: \
' .

. T2

Address bus

1
»
-7
(

ol

Read i  D15toD8 valid !

mode)

D7 to DO Invalid E
-

HWR |

LWR . .

(16-bit bus Hilgh E

LWR
(8-bit bus
mode)

Write High impedance

D15to D8 ' Valid

High impedance !

D7 to DO

Note: n=7t00

Figure7.10 BusTiming for 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 7.11 shows the bus timing for an 8-bit 3-state access space.
When an 8-hit access space is accessed, the upper half (D15 to D8) of the data busis used.

Wait states can be inserted.

Bus cycle i

Ty H Ty

b=

L

Address bus

Sn

Read D15 to D8

D7 to DO

AWR

LWR
(16-bit bus
mode)

, High

LWR
(8-bit bus
mode)

Write High impedance |

D15 to D8 Valid

-
1 el oL

High impedance

D7 to DO

Note: n=7t00

Figure7.11 BusTiming for 8-Bit 3-State Access Space
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16-Bit 2-State Access Space: Figures 7.12 to 7.14 show bustimings for a 16-hit 2-state access
space. When a 16-hit access space is accessed, the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states cannot be inserted.

«————— Buscycle ———————

Ty | T2

Address bus ;x E

2

;

Read < D15t0D8 valid

D7 to DO

o
Invalid

I
=
T

Write < \
D15 to D8 —-—( ! valid

High impedance

D7 to DO

Note: n=71t00

Figure7.12 BusTimingfor 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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«————— Buscycle ————————

T .

Address bus ;x E

7

Read < D15t0 D8 Invalid

D7 to DO valid

I
=
T

High

Write

|
eulgLUc

High impedance
D15 to D8

D7 to DO ——( ' Valid )—

Note: n=71t00

Figure7.13 BusTiming for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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Address bus

Read { D15to D8

D7 to DO

I
=
T

Write
D15 to D8

D7 to DO

Note: n=71t00

«———— Buscycle ———————»

Ty | T2

;

valid

valid

' Valid

j(
_i
—-—( Valid

Figure7.14 BusTimingfor 16-Bit 2-State Access Space (3) (Word Access)
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16-Bit 3-State Access Space: Figures 7.15 to 7.17 show bustimings for a 16-hit 3-state access
space. When a 16-hit access space is accessed , the upper half (D15 to D8) of the databusis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states can be inserted.

i Bus cycle i
: i T,

B e I O

Address bus :X ! ! '
i I B
o -
f G-
()

[

o

Read { D15to D8

D7 to DO T

I
uy)

LWR . 5 High

Write | ' |

D15 to D8 ——( valid | )—

' | High impedance E
D7 to DO 9 P

Note: n=7to0

Figure7.15 BusTimingfor 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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b Bus cycle ]
: T T T :
Address bus :x ; E :x
CSn | 5 : |
AS | j : | :
RD | : i |
Read { D15to D8 - : < Invalid E’—
D7to DO — : : < Valid >—
HWR ! High : E
wR : [ i
Write : E i i
! 1 High impedance | |
D15 to D8 . , . .
D7 to DO —-—( E valid ! )—

Note: n=7to0

Figure7.16 BusTiming for 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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b Bus cycle ]
' T1 E T2 E T3 i
o || |
Address bus :x E E
csn | : |

pRbI A

Read 1 D15to D8 valid

D7 to DO

valid !

I
uy)

LWR

]

Write

D15 to D8 ——( valid

D7 to DO —-—( E valid |

LU

Note: n=7to 0

Figure7.17 BusTimingfor 16-Bit 3-State Access Space (3) (Word Access)

7.6.4 Wait Control

When accessing external space, thisLSI can extend the bus cycle by inserting one or more wait
states (Tw). There are two ways of inserting wait states: program wait insertion and pin wait
insertion using the WAIT pin.

(1) Program Wait Insertion

From O to 3 wait states can beinserted automatically between the T, state and T, state on an
individual areabasisin 3-state access space, according to the settings of WCRH and WCRL.
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(2) Pin Wait Insertion
Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the WAIT pin. When
external spaceis accessed in this state, program wait insertion isfirst carried out according to
the settingsin WCRH and WCRL. Then, if the WAIT pin islow at the falling edge of ¢ in the
last T, or T, state, aT,, stateisinserted. If the WAIT pin isheld low, T, states are inserted
until it goes high.

Figure 7.18 shows an example of wait state insertion timing.

By program o
wait By WAIT pin
T o T | Tw | W | T

RD
Read <
HWR, LWR
Write <
Data bus —( Write data

Data bus < Read data >—

Note: | indicates the timing of WAIT pin sampling.

Figure7.18 Example of Wait State Insertion Timing
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7.7 Burst ROM Interface

With this LSI, external space area 0 can be designated as burst ROM space, and burst ROM
interfacing can be performed. The burst ROM space interface enables 16-bit configuration ROM
with burst access capability to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.

Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

Note: When the operating frequency ranges from 16 MHz to 20 MHz, the burst ROM interface
isnot available.

7.7.1 Basic Timing

The number of statesin theinitial cycle (full access) of the burst ROM interface isin accordance
with the setting of the ASTO bit in ASTCR. Also, when the ASTO bit is set to 1, wait state
insertion is possible. One or two states can be selected for the burst cycle, according to the setting
of the BRSTSL1 bit in BCRH. Wait states cannot be inserted. When area O is designated as burst
ROM space, it becomes 16-bit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTSO bit in BCRH is cleared to O, burst access of up to 4 words is performed; when
the BRSTSO hit is set to 1, burst access of up to 8 wordsis performed.

The basic accesstiming for burst ROM space is shown in figures 7.19 and 7.20. The timing shown
in figure 7.19 isfor the case where the ASTO and BRSTS1 hits are both set to 1, and that in figure
7.20 isfor the case where both these bits are cleared to 0.

Rev. 6.00 Mar. 18, 2010 Page 192 of 982
REJ09B0054-0600

RENESAS



Section 7 Bus Controller

Full access Burst access

T. T T
| | 2 1 | 2

L L

I
\/
Address bus X Only lower ad;:i\ress changed

RD |_
Data bus 4( Read data )—( Read data )—( Read data )—

Figure7.19 Example of Burst ROM Access Timing (When ASTO=BRSTS1=1)

Full access Burst access
Ty Tz T T
q) —
\/
Address bus Only lower address changed

J\
CSo
AS
RD

Data bus 4( Read data XRead dataXRead data)—

Figure7.20 Example of Burst ROM Access Timing (When ASTO=BRSTS1 =0)
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7.7.2 Wait Control

Aswith the basic businterface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 7.6.4, Wait
Control.

Wait states cannot be inserted in a burst cycle.

7.8 Idle Cycle

When this LS| accesses external space, it can insert a 1-state idle cycle (T,) between bus cyclesin
the following two cases: (1) when read accesses between different areas occur consecutively, and
(2) when awrite cycle occursimmediately after aread cycle. By inserting an idle cycleitis
possible, for example, to avoid data collisions between ROM, with along output floating time, and
high-speed memory, 1/0 interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bitin BCRH issetto 1, an
idle cycleisinserted at the start of the second read cycle.

Figure 7.21 shows an example of the operation in this case. In this example, buscycle A isa
read cycle from ROM with along output floating time, and bus cycle B isaread cycle from
SRAM, each being located in adifferent area. In (a), an idle cycle isnot inserted, and a
collision occursin cycle B between the read data from ROM and that from SRAM. In (b), an
idle cycleisinserted, and adata collision is prevented.

Buscycle A Buscycle B , BuscyceA | BuscycleB |
LT, T, Tl Ty T, LT, T, To LT, T, T,
1 1 1 1 1 1
Address bus :x x: Address bus :x x:
| 1 | 1
_ i __ S
CS (area A) | ‘ ! CS (area A) | !
1 1 1 1 1 1
CS (areaB) | CS (areaB) | ! | I
1 1 1 1 1 1
RD | M [ RD | I | [
1 1 1 1 1 1
| 1 1 | | 1 1
Data bus \ Data bus j—( : )—( %
: 1

1
r—
Long output floating time

Data collision

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1 =0) (Initial value ICIS1 = 1)

Figure7.21 Example of Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICIS0 bit in BCRH isset to 1, an
idle cycleisinserted at the start of the write cycle.

Figure 7.22 shows an example of the operation in this case. In this example, buscycle A isa
read cycle from ROM with along output floating time, and bus cycle B is a CPU write cycle.
In (&), an idle cycleis not inserted, and a collision occursin cycle B between the read data
from ROM and the CPU write data. In (b), anidle cycleisinserted, and adata collision is
prevented.

Bus cycle A ,Bus cycle B, , Bus cycle A , Bus cycle B .

LT T, T T, T, LT T, Tl T, Ty T,

i i i i i i
Address bus :x x: Address bus :x } x:
_ [ _ —

CS (area A) —I i CS (area A) —I i

r 1 r 1

1 1 1 1 1 1

CS (area B) ! I I CS (areaB) ! ! ] |

1 1 1 1 1 1
L T

: . : : :

I Y VI=) T T T INATD T
e i - =

|
! !

Data bus :?—(:m Data bus :?—( E )_( ?_
1 1

:
=" Data collision

Long output floating time

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS0 = 0) (Initial value ICISO = 1)

Figure7.22 Example of Idle Cycle Operation (2)

(3) Relationship between Chip Select (CS) Signal and Read (RD) Signal
Depending on the system’s load conditions, the RD signal may lag behind the CS signal. An
exampleisshown in figure 7.23.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, asin (b), however, will prevent any overlap between the RD and
CS signals.

Intheinitial state after reset release, idle cycleinsertion (b) is set.
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Bus cycle A Bus cycle B
1 1

T T, T i Ty T,
o TLIMLILrLror

i

CS (area B)

o /T

T

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted
(ICIS1=0)

Bus cycle A Bus cycle B

Address bus :2( X [
CS (area A) —l—'—i_

CS (area B)

ﬁi I_I

r

(b) Idle cycle inserted
(Initial value ICIS1 = 1)

Figure 7.23 Relationship between Chip Select (CS) and Read (RD)

Table 7.4 shows pin statesin an idle cycle.

Table7.4 Pin Statesin Idle Cycle

Pins Pin State

A23to AO Contents of next bus cycle
D15 to DO High impedance

CSn High

AS High

RD High

HWR High

LWR High
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79 Bus Release

This LSl can release the external bus in response to a bus request from an external device. In the
external bus released state, the internal bus master continues to operate as long as thereis no
external access.

In external extended mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to thisLSIl. When the
BREQ pinissampled, at the prescribed timing the BACK pin is driven low, and the address bus,
data bus, and bus control signals are placed in the high-impedance state, establishing the external
bus-released state.

In the external bus released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped.

When the BREQ pinisdriven high, the BACK pin isdriven high at the prescribed timing and the
external bus released state is terminated.

In the event of simultaneous external bus rel ease request and external access request generation,
the order of priority isasfollows:

(High) External bus release > Internal bus master external access (Low)
Table 7.5 shows pin statesin the external bus released state.

Table7.5 Pin Statesin Bus Released State

Pins Pin State

A23to AO High impedance
D15 to DO High impedance
CSn High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
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Figure 7.24 shows the timing for transition to the bus-released state.

I
=
&
-
o

1

:

o]
>
(@]
~

[vy)
)
m|
Ol

|

Minimum
1 state |

CPU
CPU cycle | External bus released state | cycle
[ [
To T T2
o L L L L L L L
, ) \ | High impedance 1 ——
Address bus X Adiiress D( } E E (
aabss —————( T | Hohmpedarce |
: : :\ E High impedarice E
CSn | | / ! ! !
__ : I \ | High impedance —
AS | i | 1 1 T T |
o —l_:*_:\ H High impedance '/—
RD ' ' v v v
. \ . High impedance Ve
3

=
)
o

[4]

[1]  Low level of BREQ pin is sampled at rise of T state.

[2] BACK pin is driven low at end of CPU read cycle, releasing bus to external bus
master.

[3] BREQ pin state is still sampled in external bus released state.

[4]  High level of BREQ pin is sampled.

[5] BACK pin is driven high, ending bus release cycle.

Note:n=7t00

Figure7.24 Bus-Released State Transition Timing

7.9.1 Bus Release Usage Note

When MSTPCR is set to H'FFFFFF and transmitted to sleep mode, the external bus release does
not function. To activate the external bus release in sleep mode, do not set MSTPCR to H'FFFFFF.
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7.10  BusArbitration
This LSl has a bus arbiter that arbitrates bus master operations.

There are three bus masters, the CPU, DMAC*, and DTC, which perform read/write operations
when they have possession of the bus. Each bus master requests the bus by means of a bus request
signal. The bus arbiter determines priorities at the prescribed timing, and permits use of the bus by
means of a bus request acknowledge signal. The selected bus master then takes possession of the
bus and begins its operation.

Note: * Supported only by the H8S/2239 Group.

7.10.1 Operation

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

The order of priority of the bus mastersis asfollows:
(High) DMAC* > DTC > CPU (Low)

Aninternal bus access by an internal bus master, and external bus release, can be executed in
parallel.

In the event of simultaneous external bus rel ease request, and internal bus master external access
request generation, the order of priority is asfollows:

(High) External bus release > Internal bus master external access (Low)

Note: * Supported only by the H8S/2239 Group.
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7.10.2 BusTransfer Timing

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

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

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

e If the CPU isin sleep mode, it transfers the bus immediately.
Note: * Supported only by the H8S/2239 Group.
DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), a single data
transfer, or aregister information write (3 states). It does not release the bus during aregister
information read (3 states), asingle datatransfer, or aregister information write (3 states).

DMAC (Only by the H85/2239 Group): The DMAC sends the bus arbiter arequest for the bus
when an activation request is generated.

In the case of an external request in short address mode or normal mode, and in cycle steal mode,
the DMAC releases the bus after a single transfer.

In block transfer mode, it releases the bus after transfer of one block, and in burst mode, after
completion of the transfer.

7.10.3 External Bus Release Usage Note

External bus release can be performed on completion of an external bus cycle. The CS signal
remains low until the end of the external bus cycle. Therefore, when external busreleaseis
performed, the CS signal may change from the low level to the high-impedance state.
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711 Resatsand the Bus Controller

In a power-on reset, this LSI, including the bus controller, enters the reset state at that point, and
an executing bus cycleis discontinued.

In amanual reset, the bus controller's registers and internal state are maintained, and an executing
external bus cycleis completed. In this case, WAIT input isignored and write data is not
guaranteed.

When the DMAC* isinitialized at the manual reset, DACK and TEND output is disabled. The
DMAC* operates as |/O port controlled by DDR and DR.

Note: * Supported only by the H8S/2239 Group.
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Section 8 DMA Controller (DMAC)

The H85/2239 Group has abuilt-in DMA controller (DMAC) which can carry out data transfer on
up to 4 channels.

Note: The DMAC is supported only by the H8S/2239 Group. It is not available in the H8S/2258
Group, H85/2238 Group, H85/2237 Group, and H8S/2227 Group.

8.1 Features

e Selectable as short address mode or full address mode
— Short Address Mode;
Maximum of 4 channels can be used
Dual address mode or single address mode can be selected

In dual address mode, one of the two addresses, transfer source and transfer destination, is
specified as 24 bits and the other as 16 bits

In single address mode, transfer source or transfer destination address only is specified as
24 bits

In single address mode, transfer can be performed in one bus cycle

Choice of sequential mode, idle mode, or repeat mode for dual address mode and single
address mode

— Full Address Mode:
Maximum of 2 channels can be used
Transfer source and transfer destination addresses as specified as 24 bits
Choice of normal mode or block transfer mode
e 16-Mbyte address space can be specified directly
e Byte or word can be set asthe transfer unit

e Activation sources: internal interrupt, external request, auto-request (depending on transfer
mode)

Six 16-bit timer-pulse unit (TPU) compare match/input capture interrupts

Serial communication interface (SCI_0, SCI_1) transmit-data-empty interrupt, receive-data-
full interrupt

A/D convertler conversion end interrupt
External request
Auto-request

e Module stop mode can be set
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A block diagram of the DMAC isshown in figure 8.1.
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Internal interrupts
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DMA write enable register
DMA terminal control register

DMA band control register (for all channels)

DMA control register

Memory address register

I/O address register

Execute transfer count register

Figure8.1 Block Diagram of DMAC
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8.2 I nput/Output Pins
Table 8.1 shows the pin configuration of the interrupt controller.

Table8.1 Pin Configuration

Channel Pin Name Symbol 1/0 Function
0 DMA request 0 DREQO Input Channel 0 external request

DMA transfer acknowledge 0 DACKO Output  Channel 0 single address
transfer acknowledge

DMA transfer end 0 TENDO Output  Channel O transfer end
1 DMA request 1 DREQ1 Input Channel 1 external request

DMA transfer acknowledge 1 DACK1 Output  Channel 1 single address
transfer acknowledge

DMA transfer end 1 TEND1 Output  Channel 1 transfer end

8.3 Register Descriptions

e Memory addressregister OAH (MAR_OAH)
¢ Memory addressregister_OAL (MAR_OAL)

e |/O addressregister OA (IOAR_0A)

e Transfer count register OA (ETCR_0A)

e Memory addressregister OBH (MAR_OBH)
e Memory addressregister_0BL (MAR_OBL)

e |/O addressregister 0B (IOAR_0B)

e Transfer count register OB (ETCR_OB)

e Memory addressregister 1AH (MAR_1AH)
e Memory addressregister_1AL (MAR_1AL)
e |/O addressregister_1A (IOAR_1A)

o Transfer count register 1A (ETCR_1B)

e Memory addressregister 1BH (MAR_1BH)
e Memory addressregister_1BL (MAR_1BL)

e |/O addressregister 1B (IOAR_1B)

o Transfer count register_1B (ETCR_1B)

e DMA control register 0A (DMACR_0A)

o DMA control register_0OB (DMACR_0B)
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e DMA control register 1A (DMACR_1A)

o DMA control register_1B (DMACR_1B)

e DMA band control register H (DMABCRH)
e DMA band control register L (DMABCRL)
e DMA write enable register (DMAWER)

o DMA terminal control register (DMATCR)

The functions of MAR, IOAR, ETCR, DMACR, and DMABCR differ according to the transfer
mode (short address mode or full address mode). The transfer mode can be selected by means of
the FAE1 and FAEOQ bitsin DMABCRH. The register configurations for short address mode and
full address mode of channel 0 are shown in table 8.2.

Table8.2 Short Address Mode and Full Address Mode (Channel 0)

FAEO Description

0 Short address mode specified (channels 0OA and 0B operate independently)
< MAR_OAH | MAR_OAL <~— Specifies transfer source/transfer destination address
% I0AR_0OA <~——— Specifies transfer destination/transfer source address
c
§ ETCR_OA ~———— Specifies number of transfers
o | DMACR OA |<— Specifies transfer size, mode, activation source.
I~ MAR_OBH | MAR_OBL <~——— Specifies transfer source/transfer destination address
o
< I0OAR_0OB <~——— Specifies transfer destination/transfer source address
c
g ETCR_OB ~<——— Specifies number of transfers
ey
o | DMACR_0B Specifies transfer size, mode, activation source.
1 Full address mode specified (channels 0A and 0B operate in combination as channel 0)
MAR_OAH MAR_OAL Specifies transfer source address
MAR_OBH MAR_OBL <«—— Specifies transfer destination address
<«—— Notused
o I0AR_OA
o <~—— Not used
£ IOAR_OB o
3 Specifies number of transfers
O
ETCR 0A <——— Specifies number of transfers (used in block transfer
ETCR_0B mode only)
DMACR_OAIDMACR_OB ~<~———— Specifies transfer size, mode, activation source, etc.
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831 Memory Address Registers (MARA and MARB)

MAR is a32-hit readable/writable register that specifies the source address (transfer source
address) or destination address (transfer destination address). MAR consists of two 16-hit registers
MARH and MARL. The upper 8 bits of MARH are reserved: they are alwaysread as 0, and
cannot be modified.

The DMA has four MAR registers: MAR_OA in channel O (channel 0A), MAR_OB in channel 0
(channel 0B), MAR_1A in channel 1 (channel 1A), and MAR_1B in channel 1 (channel 1B).

MAR isnot initialized by areset or in standby mode.

Short Address Mode: In short address mode, MARA and MARB operate independently.
Whether MAR functions as the source address register or as the destination address register can be
selected by means of the DTDIR bit in DMACR.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
address specified by MAR is constantly updated.

Full Address Mode: In full address mode, MARA functions as the source address register, and
MARB as the destination address register.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
source or destination address is constantly updated.

8.3.2 I/O Address Registers (IOARA and IOARB)

IOAR isa16-bit readable/writable register that specifies the lower 16 bits of the source address
(transfer source address) or destination address (transfer destination address). The upper 8 bits of
the transfer address are automatically set to H'FF.

The DMA has four IOAR registers: IOAR_OA in channel 0 (channel 0A), IOAR_OB in channel 0
(channel 0B), IOAR_1A in channel 1 (channel 1A), and IOAR_1B in channel 1 (channel 1B).

Whether IOAR functions as the source address register or as the destination address register can
be selected by means of the DTDIR bitin DMACR.

IOAR is not incremented or decremented each time a data transfer is executed, so the address
specified by IOAR isfixed.

IOAR isnot initialized by areset or in standby mode.
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IOAR can be used in short address mode but not in full address mode.

8.3.3 Execute Transfer Count Registers (ETCRA and ETCRB)
ETCR is a 16-hit readabl e/writable register that specifies the number of transfers.

The DMA hasfour ETCR registers: ETCR_OA in channel 0 (channel 0OA), ETCR_OB in channel 0
(channel 0B), ETCR_1A in channel 1 (channel 1A), and ETCR_1B in channel 1 (channel 1B).

ETCRisnot initialized by areset or in standby mode.

Short Address Mode: The function of ETCR in sequential mode and idle mode differs from that
in repeat mode.

In sequential mode and idle mode, ETCR functions as a 16-bit transfer counter. ETCR is
decremented by 1 each time atransfer is performed, and when the count reaches H'00, the DTE bit
in DMABCRL iscleared, and transfer ends.

In repeat mode, ETCRL functions as an 8-bit transfer counter and ETCRH functions as a transfer
count holding register. ETCRL is decremented by 1 each time atransfer is performed, and when
the count reaches H'00, ETCRL isloaded with the value in ETCRH. At thispoint, MAR is
automatically restored to the value it had when the count was started. The DTE bitin DMABCRL
isnot cleared, and so transfers can be performed repeatedly until the DTE bit is cleared by the
uSer.

Full Address Mode: The function of ETCR in normal mode differs from that in block transfer
mode.

In normal mode, ETCRA functions as a 16-bit transfer counter. ETCRA is decremented by 1 each
time a data transfer is performed, and transfer ends when the count reaches H'0000. ETCRB is not
used in normal mode.

In block transfer mode, ETCRAL functions as an 8-bit block size counter and ETCRAH functions
asablock size holding register. ETCRAL is decremented by 1 each time a 1-byte or 1-word
transfer is performed, and when the count reaches H'00, ETCRAL is loaded with the valuein
ETCRAH. So by setting the block sizein ETCRAH and ETCRAL, it is possible to repeatedly
transfer blocks consisting of any desired number of bytes or words.

In block transfer mode, ETCRB functions as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time ablock istransferred, and transfer ends when the count reaches
H'0000.
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8.34

DMA Control Registers (DMACRA and DMACRB)

DMACR controls the operation of each DMAC channel.

The DMA has four DMACR registers: DMACR_0A in channel 0 (channel 0A), DMACR OB in
channel 0 (channel 0B), DMACR_1A in channel 1 (channel 1A), and DMACR_1B in channel 1
(channel 1B).

In short address mode, channels A and B operate independently, and in full address mode,
channels A and B operate together. The bit functionsin the DMACR registers differ according to

the transfer mode.

(1) Short AddressMode

e DMACR_0A, DMACR 0B, DMACR_1A, and DMARC_1B

Bit

Bit Name

Initial Value

R/W

Description

7

DTSZ

R/W

Data Transfer Size

Selects the size of data to be transferred at
one time.

0: Byte-size transfer
1: Word-size transfer

6

DTID

R/W

Data Transfer Increment/Decrement

Selects incrementing or decrementing of MAR
after every data transfer in sequential mode or
repeat mode. In idle mode, MAR is neither
incremented nor decremented.

0: MAR is incremented after a data transfer
(Initial value)

When DTSZ = 0, MAR is incremented by 1
e When DTSZ =1, MAR is incremented by 2
1: MAR is decremented after a data transfer

e When DTSZ =0, MAR is decremented by
1

When DTSZ =1, MAR is decremented by
2
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Bit Bit Name Initial Value R/W

Description

5 RPE 0 R/W

Repeat Enable

Used in combination with the DTIE bit in
DMABCR to select the mode (sequential, idle,
or repeat) in which transfer is to be performed.

When DTIE = 0 (no transfer end interrupt)
0: Transfer in sequential mode

1: Transfer in repeat mode

When DTIE = 1 (with transfer end interrupt)
0: Transfer in sequential mode

1: Transfer in idle mode

4 DTDIR 0 R/W

Data Transfer Direction

Used in combination with the SAE bit in
DMABCR to specify the data transfer direction
(source or destination). The function of this bit
is therefore different in dual address mode and
single address mode.

When SAE =0

0: Transfer with MAR as source address and
IOAR as destination address

1: Transfer with IOAR as source address and
MAR as destination address

When SAE =1

0: Transfer with MAR as source address and
DACK pin as write strobe

1: Transfer with DACK pin as read strobe and
MAR as destination address
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Bit Bit Name Initial Value R/W Description

3 DTF3 0 R/W Data Transfer Factor 3to O

2 DTF2 0 R/W These bits select the data transfer factor

1 DTE1L 0 R/W (activation source). There are some
differences in activation sources for channel A

0 DTFO 0 R/W

and channel B.

Channel A:

0000:
0001:

0010:
0011:
0100:

0101:

0110:

0111:

1000:

1001:

1010:

1011:

1100:

1101:

1110:
1111:

Setting prohibited

Activated by A/D converter conversion
end interrupt

Setting prohibited
Setting prohibited

Activated by SCI channel O transmit-
data-empty interrupt

Activated by SCI channel O receive-
data-full interrupt

Activated by SCI channel 1 transmit-
data-empty interrupt

Activated by SCI channel 1 receive-
data-full interrupt

Activated by TPU channel 0 compare
match/input capture A interrupt

Activated by TPU channel 1 compare
match/input capture A interrupt

Activated by TPU channel 2 compare
match/input capture A interrupt

Activated by TPU channel 3 compare
match/input capture A interrupt

Activated by TPU channel 4 compare
match/input capture A interrupt

Activated by TPU channel 5 compare
match/input capture A interrupt

Setting prohibited
Setting prohibited
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Bit Bit Name Initial Value R/W Description

3 DTF3 0 R/W Channel B:

2 DTF2 0 R/W 0000: Setting prohibited

1 DTF1 0 R/W 0001: Activated by A/D converter conversion
0 DTFO 0 R/W end interrupt

0010:

0011:

0100:

0101:

0110:

0111:

1000:

1001:

1010:

1011:

1100:

1101:

1110:
1111:

Activated by DREQ pin falling edge
input (detected as a low level in the first
transfer after transfer is enabled)

Activated by DREQ pin low-level input

Activated by SCI channel O transmit-
data-empty interrupt

Activated by SCI channel O receive-
data-full interrupt

Activated by SCI channel 1 transmit-
data-empty interrupt

Activated by SCI channel 1 receive-
data-full interrupt

Activated by TPU channel 0 compare
match/input capture A interrupt

Activated by TPU channel 1 compare
match/input capture A interrupt

Activated by TPU channel 2 compare
match/input capture A interrupt

Activated by TPU channel 3 compare
match/input capture A interrupt

Activated by TPU channel 4 compare
match/input capture A interrupt

Activated by TPU channel 5 compare
match/input capture A interrupt

Setting prohibited
Setting prohibited

The same factor can be selected for more than
one channel. In this case, activation starts with
the highest-priority channel according to the
relative channel priorities. For relative channel
priorities, see section 8.5.11, Multi-Channel
Operation.
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(2) Full AddressMode

o DMACR_0A and DMACR_1A

Bit Bit Name Initial Value R/W Description
15 DTSz 0 R/W Data Transfer Size
Selects the size of data to be transferred at
one time.
0: Byte-size transfer
1: Word-size transfer
14 SAID 0 R/W Source Address Increment/Decrement
13 SAIDE 0 R/W Source Address Increment/Decrement Enable

These bits specify whether source address
register MARA is to be incremented,
decremented, or left unchanged, when data
transfer is performed.

00: MARA is fixed

01: MARA is incremented after a data transfer

e When DTSZ = 0, MARA is incremented by
1

o When DTSZ = 1, MARA is incremented by
2

10: MARA is fixed

11: MARA is decremented after a data transfer

e When DTSZ = 0, MARA is decremented by
1

e When DTSZ = 1, MARA is decremented by
2
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Bit Bit Name Initial Value R/W

Description

12 BLKDIR 0 R/W
11 BLKE 0 R/W

Block Direction
Block Enable

These bits specify whether normal mode or
block transfer mode is to be used for data
transfer. If block transfer mode is specified, the
BLKDIR bit specifies whether the source side
or the destination side is to be the block area.

x0: Transfer in normal mode

01: Transfer in block transfer mode
(destination side is block area)

11: Transfer in block transfer mode (source
side is block area)

10to — All 0 R/W

Reserved

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

Legend:
x: Don’t care
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DMACR_0B and DMACR_1B

Bit Bit Name Initial Value R/W Description
7 — 0 R/W Reserved
This bit can be read from or written to.
However, the write value should always be 0.
6 DAID 0 R/W Destination Address Increment/Decrement
5 DAIDE 0 RIW Destination Address Increment/Decrement
Enable
These bits specify whether destination address
register MARB is to be incremented,
decremented, or left unchanged, when data
transfer is performed.
00: MARSB s fixed
01: MARB is incremented after a data transfer
e When DTSZ = 0, MARB is incremented by
1
e When DTSZ = 1, MARB is incremented by
2
10: MARB is fixed
11: MARB is decremented after a data transfer
e When DTSZ = 0, MARB is decremented by
1
e When DTSZ = 1, MARB is decremented by
2
4 — 0 R/W Reserved

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

Bit Bit Name Initial Value R/W Description

3 DTF3 0 R/W Data Transfer Factor 3 to O

2 DTF2 0 R/W These bits select the data transfer factor

1 DTE1L 0 R/W (activation source). The factors that can be
specified differ between normal mode and block

0 DTFO 0 RIW transfer mode.

Normal Mode

0000:
0001:
0010:

0011:
010x:
0110:
0111:

Ixxx:

Setting prohibited
Setting prohibited

Activated by DREQ pin falling edge input
(detected as a low level in the first
transfer after transfer is enabled)

Activated by DREQ pin low-level input
Setting prohibited

Auto-request (cycle steal)
Auto-request (burst)

Setting prohibited
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Bit Bit Name

Initial Value

R/W

Description

DTF3
DTF2
DTF1
DTFO

o B N W

o O O

R/W
R/W
R/W
R/W

Block Transfer Mode

0000:
0001:

0010:

0011:

0100:

0101:

0110:

0111:

1000:

1001:

1010:

1011:

1100:

1101:

1110:
1111:

Setting prohibited

Activated by A/D converter conversion
end interrupt

Activated by DREQ pin falling edge input
(detected as a low level in the first
transfer after transfer is enabled)

Activated by DREQ pin low-level input

Activated by SCI channel O transmit-
data-empty interrupt

Activated by SCI channel O receive-data-
full interrupt

Activated by SCI channel 1 transmit-
data-empty interrupt

Activated by SCI channel 1 receive-data-
full interrupt

Activated by TPU channel 0 compare
match/input capture A interrupt

Activated by TPU channel 1 compare
match/input capture A interrupt

Activated by TPU channel 2 compare
match/input capture A interrupt

Activated by TPU channel 3 compare
match/input capture A interrupt

Activated by TPU channel 4 compare
match/input capture A interrupt

Activated by TPU channel 5 compare
match/input capture A interrupt

Setting prohibited
Setting prohibited

The same factor can be selected for more than
one channel. In this case, activation starts with
the highest-priority channel according to the
relative channel priorities. For relative channel
priorities, see section 8.5.11, Multi-Channel
Operation.

Legend:
x: Don’t care
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8.3.5

DMA Band Control RegistersH and L (DMABCRH and DMABCRL)

DMABCR controls the operation of each DMAC channel. The bit functionsin the DMACR
registers differ according to the transfer mode.

(1) Short Address Mode

¢ DMABCRH

Bit Bit Name Initial Value R/W Description

15 FAE1 0 R/W Full Address Enable 1
Specifies whether channel 1 is to be used in
short address mode or full address mode. In
short address mode, channels 1A and 1B can
be used as independent channels.
0: Short address mode
1: Full address mode

14 FAEO 0 R/W Full Address Enable O
Specifies whether channel 0 is to be used in
short address mode or full address mode. In
short address mode, channels OA and OB can
be used as independent channels.
0: Short address mode
1: Full address mode

13 SAE1 0 R/W Single Address Enable 1
Specifies whether channel 1B is to be used for
transfer in dual address mode or single address
mode. This bit is invalid in full address mode.
0: Dual address mode
1: Single address mode

12 SAEOQ 0 R/W Single Address Enable 0

Specifies whether channel OB is to be used for
transfer in dual address mode or single address
mode. This bit is invalid in full address mode.

0: Dual address mode
1: Single address mode

Rev. 6.00 Mar. 18, 2010 Page 218 of 982
REJ09B0054-0600

RENESAS



Section 8 DMA Controller (DMAC)

Bit Bit Name Initial Value R/W Description

11 DTA1B 0 R/W Data Transfer Acknowledge 1B

10 DTA1A 0 R/W Data Transfer Acknowledge 1A
DTAOB 0 R/W Data Transfer Acknowledge 0B
DTAOA 0 R/W Data Transfer Acknowledge 0A

These bits enable or disable clearing when
DMA transfer is performed for the internal
interrupt source selected by the DTF3 to DTFO
bits in DMACR.

It the DTA bit is setto 1 when DTE =1, the
internal interrupt source is cleared automatically
by DMA transfer. When DTE =1 and DTA =1,
the internal interrupt source does not issue an
interrupt request to the CPU or DTC.

If the DTA bit is cleared to 0 when DTE =1, the
internal interrupt source is not cleared when a
transfer is performed, and can issue an interrupt
request to the CPU or DTC in parallel. In this
case, the interrupt source should be cleared by
the CPU or DTC transfer.

When DTE = 0, the internal interrupt source
issues an interrupt request to the CPU or DTC
regardless of the DTA bit setting.

0: Clearing is disabled when DMA transfer is
performed for the selected internal interrupt
source

1: Clearing is enabled when DMA transfer is
performed for the selected internal interrupt
source
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¢ DMABCRL
Bit Bit Name Initial Value R/W Description
7 DTE1B 0 R/W Data Transfer Enable 1B
6 DTE1A 0 R/W Data Transfer Enable 1A
5 DTEOB 0 R/W Data Transfer Enable 0B
4 DTEOA 0 R/W Data Transfer Enable 0A

If the DTE bit is cleared to 0 when DTIE = 1, the
DMAC regards this as indicating the end of a
transfer, and issues a transfer end interrupt
request to the CPU or DTC.

When DTE = 0, data transfer is disabled and
the DMAC ignores the activation source
selected by the DTF3 to DTFO bits in DMACR.

When DTE = 1, data transfer is enabled and the
DMAC waits for a request by the activation
source selected by the DTF3 to DTFO bits in
DMACR. When a request is issued by the
activation source, DMA transfer is executed.

0: Data transfer is disabled

1: Data transfer is enabled

[Clearing conditions]

e When initialization is performed

e When the specified number of transfers
have been completed in a transfer mode
other than repeat mode

e When 0 is written to the DTE bit to forcibly
suspend the transfer, or for a similar reason

[Setting condition]

When 1 is written to the DTE bit after reading
DTE=0
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Bit Bit Name

Initial Value

R/W

Description

DTIE1B
DTIE1A
DTIEOB
DTIEOA

o B N W

o O O

R/W
R/W
R/W
R/W

Data Transfer End Interrupt Enable 1B
Data Transfer End Interrupt Enable 1A
Data Transfer End Interrupt Enable OB
Data Transfer End Interrupt Enable 0A

These bits enable or disable an interrupt to the
CPU or DTC when transfer ends. If the DTIE bit
is set to 1 when DTE = 0, the DMAC regards
this as indicating the end of a transfer, and
issues a transfer end interrupt request to the
CPU or DTC.

A transfer end interrupt can be canceled either
by clearing the DTIE bit to 0 in the interrupt
handling routine, or by performing processing to
continue transfer by setting the transfer counter
and address register again, and then setting the
DTE bit to 1.

0: Transfer end interrupt is disabled
1: Transfer end interrupt is enabled

(2) Full AddressMode

e DMABCRH

Bit Bit Name

Initial Value

R/W

Description

15 FAE1

0

R/W

Full Address Enable 1

Specifies whether channel 1 is to be used in
short address mode or full address mode.

In full address mode, channels 1A and 1B are
used together as channel 1.

0: Short address mode
1: Full address mode

14 FAEO

R/W

Full Address Enable 0

Specifies whether channel 0 is to be used in
short address mode or full address mode.

In full address mode, channels OA and OB are
used together as channel 0.

0: Short address mode
1: Full address mode
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Bit

Bit Name

Initial Value

R/W

Description

13,12

AllO

R/W

Reserved

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

11

DTAl

R/W

Data Transfer Acknowledge 1

These bits enable or disable clearing when
DMA transfer is performed for the internal
interrupt source selected by the DTF3 to DTFO
bits in DMACR of channel 1.

It the DTAL bit is set to 1 when DTE1 = 1, the
internal interrupt source is cleared automatically
by DMA transfer. When DTE1 =1 and DTAL =
1, the internal interrupt source does not issue
an interrupt request to the CPU or DTC.

It the DTA1 bit is cleared to 0 when DTE1 =1,
the internal interrupt source is not cleared when
a transfer is performed, and can issue an
interrupt request to the CPU or DTC in parallel.
In this case, the interrupt source should be
cleared by the CPU or DTC transfer.

When DTEL = 0, the internal interrupt source
issues an interrupt request to the CPU or DTC
regardless of the DTA1 bit setting.

The state of the DTMEL1 bit does not affect the
above operations.

0: Clearing is disabled when DMA transfer is
performed for the selected internal interrupt
source

1: Clearing is enabled when DMA transfer is
performed for the selected internal interrupt
source

10

R/W

Reserved

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

Bit Name

Initial Value

R/W

Description

9

DTAO

0

R/W

Data Transfer Acknowledge 0

These bit