To our customers,

Old Company Name in Catalogs and Other Documents

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

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

April 1%, 2010
Renesas Electronics Corporation

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

Send any inquiries to http://www.renesas.com/inquiry.
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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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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

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

2. Treatment of Unused Input Pins

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

3. Processing before Initialization

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

4. Prohibition of Accessto Undefined or Reserved Addresses

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

This manual comprises the following items:

A w DN

General Precautions on Handling of Product
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 L SI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, asthe
fina part of each section.

8.
9.

List of Registers
Electrical Characteristics

10. Appendix
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Preface

The H85/2138 Group and H85/2134 Group comprise high-performance microcomputers with a
32-bit H8S/2000 CPU core, and a set of on-chip supporting functions required for system
configuration.

The H8S/2000 CPU can execute basic instructions in one state, and is provided with sixteen
internal 16-bit general registers with a 32-bit configuration, and a concise and optimized
instruction set. The CPU can handle a 16-Mbyte linear address space (architecturally 4 Gbytes).
Programs based on the high-level language C can also be run efficiently.

Single-power-supply flash memory (F-ZTAT™*) and mask ROM versions are available,
providing a quick and flexible response to conditions from ramp-up through full-scale volume
production, even for applications with frequently changing specifications.

On-chip peripheral functions include a 16-bit free-running timer (FRT), 8-bit timer (TMR),
watchdog timer (WDT), two PWM timers (PWM and PWM X), a serial communication interface
(SClI, IrDA), host interface (HIF), D/A converter (DAC), A/D converter (ADC), and 1/O ports. An
I°C bus interface (11C) can also be incorporated as an option.

An on-chip datatransfer controller (DTC) is aso provided, enabling high-speed data transfer
without CPU intervention.

The H85/2138 Group has all the above on-chip supporting functions, and can also be provided
with an 11C module as an option. The H8S/2134 Group comprises reduced-function versions, with
fewer TMR channels, and no PWM, HIF, IIC, or DTC modules.

Use of the H8S/2138 or H8S/2134 Group enables compact, high-performance systems to be
implemented easily. The comprehensive PC-related interface functions and 16 x 8 matrix key-scan
functions are ideal for applications such as notebook PC keyboard control and intelligent battery
and power supply control, while the various timer functions and their interconnectability (timer
connection), plus the interlinked operation of the I°C businterface and data transfer controller
(DTC), in particular, make these devices ideal for use in PC monitors. In addition, the combination
of F-ZTAT™* and reduced-function versionsis ideal for applications such as system unitsin
which on-chip program memory is essential to meet performance requirements, product start-up
times are short, and program modifications may be necessary after end-product assembly.

This manual describes the hardware of the H8S/2138 Group and H8S5/2134 Group. Refer to the
H88/2600 Series and H8S/2000 Series Software Manual for a detailed description of the
instruction set.

Notee * F-ZTAT (Flexible-ZTAT) isatrademark of Renesas Technology Corp.
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On-Chip Supporting Modules

Group H8S/2138 Group H8S/2134 Group
Product names H8S/2138, 2137 H8S/2134, 2133, 2132,
2130

Bus controller (BSC) Available (8 bits) Available (8 bits)
Data transfer controller (DTC) Available —

8-bit PWM timer (PWM) x16 —

14-bit PWM timer (PWMX) x2 x2

16-hit free-running timer (FRT) x1 x1

8-bit timer (TMR) x4 x3

Timer connection Available —

Watchdog timer (WDT) x2 x2

Serial communication interface (SCI) %3 x3

I°C bus interface (IIC) x2 (option) —

Host interface (HIF) x2 —

D/A converter x2 x2

A/D converter

x8 (analog input)

x8 (analog input)

x8

(expansion A/D inputs)

x8

(expansion A/D inputs)
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Main Revisions for This Edition

Iltem Page

Revision (See Manual for Details)

All —

< Natification of change in company name amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.
¢ Product naming convention amended
(Before) H8S/2138 Series — (After) H8S/2138 Group
(Before) H8S/2134 Series — (After) H8S/2134 Group

Description amended

(Before) Serial/timer control register — (After) Serial timer
control register

1.3.2 Pin Functionsin 12
Each Operating Mode

Table amended

Pin Name
Table 12 H8$/2138 Pin No. Expanded Modes Single-Chip Modes Flash Memory
. . . FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE=0) Programmer
Group Pin Functions in TFP-80C  Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE=0) Mode
Each Operating Mode 28 " P67/TMOX/CIN7/  P67/TMOX/CIN7/  P67/TMOXI/CIN7/  VSS
_KIN7IRQ7  KIN7IRQ7  KIN7ARQ7
2.6.1 Overview 42 Table amended
i Function Instructions Size  Types
Table 2.1 Instruction Tt s S Lot
Classification Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
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Iltem

Page

Revision (See Manual for Details)

9.3.1 Correspondence
between PWM Data
Register Contents and
Output Waveform

Table 9.4 Duty Cycle
of Basic Pulse

251

Table amended

Upper 4 Bits Basic Pulse Waveform (Internal)

0123456789 ABCDETFO
0000

0001

0010

0011

IPr

0100

0101

0110

0111

1000

1001

1010

1011

il

1100

1101

1110

JElCL

1111

10.1.3 Pin configuration 255

Table 10.1 Input and
Output Pins

Channel deleted

12.1 Overview

305

Description amended

The H8S/2138 Series also has two similar 8-bit timer channels
(TMRX and TMRY). These channels can be used in a
connected configuration using the timer connection function.
TMRX and TMRY have greater input/output and interrupt
function related restrictions than TMRO and TMRL1.

TMRX has a built-in H8S/2138, but does not have a built-in
H8S/2134.
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Item Page Revision (See Manual for Details)
16.4 Usage Notes 514to  Notes on WAIT Function
521

* Notes on ICDR Reads and ICCR Access in Slave Transmit
Mode

* Notes on TRS Bit Setting in Slave Mode

¢ Notes on Notes on Arbitration Lost in Master Mode

* Notes on Interrupt Occurrence after ACKB Reception
Description added

17.1.3
Pins
Table 17.1 Host

Interface Input/Output
Pins

Input and Output 525

Note * amended

Note: * Selection of CS2 or ECS2 is by means of the CS2E
bit in SYSCR and ...

19.4.3 Input Sampling 566
and A/D Conversion

Time

Figure 19.5 A/D

Conversion Timing

Figure 19.5 amended

.

Address )

IR

Write signal

Input sampling
timing

ADF

) tspL

tconv

19.6 Usage Notes 572

Figure 19.11 Example
of Analog Input Circuit

Note added
Note: Values are reference values.

21.5.2 Flash Memory 590
Control Register 2
(FLMCR2)

Description amended

Bits 6 to 200 Reserved: Always write 0 when writing to these
bits.

21.6.1 Boot Mode 597

Description amended

... H'(FF)E080 to H'(FF)EFFF (3968 bytes) in the 128-kbyte
versions including H8S/2132, except for H8S/2132R or
H'(FF)E880 to H'(FF)EFFF (1920 bytes) in the 64-kbyte
versions including H8S/2132R, except for H8S/2132.
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Iltem

Page

Revision (See Manual for Details)

21.6.1 Boot Mode

Figure 21.10 RAM
Areas in Boot Mode

597

Figure 21.10 amended

Programming control®* program area (3,968 bytes)
Boot program area*? (128 bytes)

(a) 128-kbyte versions (including H8S/2132)

(b) 64-kbyte versions (except for H8S/2132)

Note 1 added

Note: 1. In H8S/2132 F-ZTAT (Mask ROM version),
H'(FF)E080 to H'(FF)E8TF is a reserved area that is used only
for boot mode operation. Do not use this area for other
purpose.

598 Description amended
- Before branching to the programming control program (RAM
area H'(FF)E080 (128-kbyte versions including H8S/2132,
except for H8S/2132R or H'(FF)E880 (64-kbyte versions,
including H8S/2132R, except for H8S/2132)), ...
22.4.5 Register 632 Table 22.4 amended
Configuration (Before) [1** . (After) RIW*®
Table 22.4 Flash
Memory Registers
23.7 Subclock Input 678 "Note on Subclock Usage" description added
Circuit
24.1 Overview 682 Table 24.1 amended
Table 241 H88/2138 fxirlgtl?[\”””””g:age:d Vg;s;’;nfls\eep Vg}%?)%!erwrwatch ”SVqurarcrt!\{e”Subsleepr;);;V;;ry?;laar::ba;e
Group and H8S/2134 Sun;;;girﬁng RAM I};Lénctiom il;t;nctionr ;L;n(ctt;.?g) ;ugncliom Retained ;L;nctionr Retained Retained Retained
Group Internal States in gﬁ;“fm 0 Function-  Function- Function- Function- Refained  Function- Funcion: Retained High
ing ing ing ing ing ing impedance
Each Mode
24.12 Usage Notes 702 Section 24.12 added
25.2.2 DC 709 Note *4 amended
Characteristics Note: 4. P52/SCK0/SCLO and P97/SDAO are NMOS push-pull
Table 25.3 DC outputs in H8S/2138. ... P52/SCKO0 and P97 (ICE = 0) high
Characteristics (1) levels are driven by NMOS in H8S/2138.
Table 25.3 DC 712 Note *4 amended

Characteristics (2)

Table 25.3 DC
Characteristics (3)

Note: 4. P52/SCKO/SCLO and P97/SDAO are NMOS push-pull
outputs in H8S/2138. ... P52/SCKO0 and P97 (ICE = 0) high
levels are driven by NMOS in H8S/2138.

715

Note *4 amended

Note: 4. P52/SCKO/SCLO and P97/SDAOQ are NMOS push-pull
outputs in H8S/2138. ... P52/SCKO0 and P97 (ICE = 0) high
levels are driven by NMOS in H8S/2138.
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Item Page

Revision (See Manual for Details)

25.2.7 Usage Note 732

Figure 25.3 Connection
of External Capacitor
(Mask ROM Type
Incorporating Step-Down
Circuit and Product Not
Incorporating Step-Down
Circuit)

Description amended
<Products incorporating internal step-down circuit>

HD6432138S, HD6432138SW, HD6432137S,
HD6432137SW, HD6432134S, HD6432133S, HD64F2138A,
HD64F2134A

25.3.2 DC 735
Characteristics

Table 25.16 DC
Characteristics (1)

Table 25.16 (1) amended

Test
Item Symbol Min Typ Max Unit Conditions
Output high  All output pins Vo V05 — — \ lo,, =—200 pA
voltage Sgggg))*tfw, and 35 _ — v lL,=—1mA
P97, P52** 2.0 - Vo1, =-200 pA,
V. =45t
55V

Note *4 amended

Note: 4. P52/SCKO/SCLO and P97/SDAOQ are NMOS push-pull
outputs in H8S/2138. ... P52/SCKO0 and P97 (ICE = 0) high
levels are driven by NMOS in H8S/2138.

Table 25.16 (2) amended

Test

Item Symbol Min Typ Max Unit Conditions
Output high All output pins Vou V05 — — \ lo,, = =200 pA

voltage Ejeé(zc*e“?fsPW, and 35 _ _ v s = —1 MA,

CC:

45Vto55V

3.0 - - Voo, =-1mA,

V. <45V
P97, P52** 15 - - Vo1, =-200 pA,

V,.=40to

55V

736
Table25.16 DC 738
Characteristics (2)

739

Note *4 amended

Note: 4. P52/SCKO/SCLO and P97/SDAOQ are NMOS push-pull
outputs in H8S/2138. ... P52/SCKO0 and P97 (ICE = 0) high
levels are driven by NMOS in H8S/2138.
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Item Page Revision (See Manual for Details)
25.3.2 DC 740 Table 25.16 (3) amended
Characteristics Test
Iltem Symbol Min Typ Max Unit Conditions
Table 25.16 DC ‘Outputhigh Alloutputpins V.. | Vo-05 — — VvV I, =-200pA
Characteristics (3) voltage  (except P97, and
P527) Vo-10 — — vV l,=-1mA
P97, P52** 0.5 - = Vo1, =-200 pA,
V=27t
35V
742 Note *4 amended
Note: 4. P52/SCKO/SCLO and P97/SDAOQ are NMOS push-pull
outputs in H8S/2138. ... P52/SCKO0 and P97 (ICE = 0) high
levels are driven by NMOS in H8S/2138.
25.3.6 Flash Memory 756 Table 25.27 amended
Characteristics Test
Item Symbol Min Typ Max Unit Condition
Table 25.27 Flash Reprogramming count | Ny 100" 100007 —  Times
Memory Characteristics e At i be 10— Yeas
(Progre}mmlng/Erasmg 757 Notes 8 to 10 added
Operating Range)
Notes: 8. Minimum number of times for which all
characteristics are guaranteed after rewriting (Guarantee
range is 1 to minimum value).
9. Reference value for 25C° (as a guide line, rewriting should
normally function up to this value).
10. Data retention characteristics when rewriting is performed
within the specification range, including the minimum value.
25.4.2 DC 761 Table 25.29 (1) amended
Characteristics Test
Item Symbol Min Typ Max Unit Conditions
Table 25.29 DC Three-state Ports 1t0 6, 8, 9 o,0 — — 1.0 MA V., =05t0
Characteristics (1) leakage Ve 0.5V
current
(off state)
Input pull-up Ports 1to 3 -, 50 — 300 HA V=0V, V.
MOS current 5o 50 — 500 pA T 5V £10%
Table 2529 DC 766 Note *5 added to test conditions for input pull-up MOS current
Characteristics (3 _ _ *
®) V. =0V,V, =27V¥1036V
25.5.2 DC 782 Table 25.40 (1) amended
Characteristics Test
Item Symbol Min Typ Max Unit Conditions
Table 25.40 DC Input Ports 1to 3 -, 30 — 300 PA V=0V, V.
Characteristics (1) aug—sup Pots P E—— pa = 5V10%
current
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Item Page Revision (See Manual for Details)

25.5.6 Flash Memory 797 Table 25.49 amended
Characteristics Test

O Symbol Min_  Typ _ Max Unit __Condition
Table 25.49 Flash Reprogramming count Niec 100" 10000*° — Times
Memory Characteristics e At i be 10— = Yeas
(isgrammna/Eiasing 798 Notes 8 to 10 added

Operating Range)
Notes: 8. Minimum number of times for which all

characteristics are guaranteed after rewriting (Guarantee
range is 1 to minimum value).

9. Reference value for 25C° (as a guide line, rewriting should
normally function up to this value).

10. Data retention characteristics when rewriting is performed
within the specification range, including the minimum value.

B.3 Function 906 SYSCR2 H'FF83 HIF
Figure amended
Bit 7 6 5 4 3 2 1 0
‘ KWULl‘ KWULO‘ PGPUE‘ — ‘ SDE ‘ CS4E ‘ CS3E ‘ HI12E ‘
Initial value 0 0 0 0 0 0 0 0
ReadMWrite ~RW  RW  RW  — RW ~ RW  RW RW

Host interface enable

0 | Host interface function
disabled
1 | Host interface function
enabled

CS3 enable

0 | Host interface pin channel 3
functions disabled

1 | Host interface pin channel 3
functions enabled

CS4 enable

0 | Host interface pin channel 4
functions disabled

1 | Host interface pin channel 4
functions enabled

907 EBR1, 2 H'FF82, H'FF83 Flash memory
Note *2 amended

Note: 2. Bits EB8 and EB9 are not present in the 64-kbyte
versions; these bits cannot be modified and are always read
as 0.
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Item Page Revision (See Manual for Details)

B.3 Function 938 STCR H'FFC3 System
Figure amended
Bit 7 6 5 4 3 2 1 0
‘ — X1 ‘ 1ICX0 IICE ‘ FLSHE‘ — ‘ ICKS1 ‘ ICKSO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Wite RW RW RW RW RW RW RW RW

Internal Clock Source
Select 1 and 0%

Reserved

Flash memory control register enable
0 | Flash memory control register not selected

1 | Flash memory control register selected

12C master enable

0 | CPU access to SCI0, SCI1, and SCI2 control
registers is enabled
CPU access to 12C bus interface data, PWMX data
registers and control registers is enabled

[

12C transfer select 1 and 0*2

Reserved

939 SYSCR HFFC4 System
Figure amended

Bit 7 6 5 4 3 2 1 0
‘ CS2E ‘ IOSE ‘ INTM1 ‘ INTMO ‘ XRST ‘ NMIEG HIE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/IW R/IW R R/IW R R/IW R/IW RIW
- -1 I T

RAM Enab\ej

n On-chip RAM is disabled
On-chip RAM is enabled

Host interface enable

0 | Addresses H'(FF)FFFO to H'(FF)FFF7
and H'(FF)FFFC to H'(FF)FFFF are
used for access to 8-bit timer (channel
X and Y) data registers and control
registers, and timer connection
control registers
1 | Addresses H'(FF)FFFO to H'(FF)FFF7
and H'(FF)FFFC to H'(FF)FFFF are
used for access to host interface data
registers and control registers, and
keyboard controller and MOS input
pull-up control registers

NMI edge select

n Falling edge
Rising edge
External reset
[ 0 | Reset generated by watchdog timer overflow |

‘ 1 ‘ Reset generated by an external reset ‘

Interrupt control selection mode 1 and 0

Bits | Bitd (IS Description
INTM1 | INTMO | control mode
0 0 0 Interrupts controlled by | bit (Initial value)
1 1 Interrupts controlled by | and Ul bits, and ICR
1 0 2 Cannot be used in the LS|
1 3 Cannot be used in the LS|
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Item Page Revision (See Manual for Details)
B.3 Function 942 WSCR H'FFC7 Bus Controller
Figure amended
Bit 7 6
Initial value 0 o
Read/Write R/W R/W
Reserved
Note: Always write O
when writing to
these bits in
the A-mask
version.
959 STR1, 2 HFFF6, HFFFE HIF

Figure amended

Bit 1 0

i IBF OBF
Initial value ¢ 0 0
SlaveRW | R RI(W)

HostRW i R R

Output data register full

0 | [Clearing condition]

When the host processor
reads ODR or the slave
writes 0 in the OBF bit

1 | [Setting condition]

When the slave processor
writes to ODR

Input data register full

0 | [Clearing condition]
When the slave processor reads IDR

1 | [Setting condition]
When the host processor writes to IDR
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Item Page Revision (See Manual for Details)

Appendix G Package 1002 Figure replaced
Dimensions

Figure G.1 Package
Dimensions (FP-80A)

Figure G.2 Package 1003 Figure replaced
Dimensions (TFP-80C)

Rev. 4.00 Jun 06, 2006 page xvi of liv

RENESAS



Contents

SECHON L OVEIVIBW ...ttt 1
S @ V= = OSSR 1
1.2 Internal BIOCK DIiagraM......cccueieeiieriesiesiesieeteseeeesieseesesresresseeeesaessessesaestesseesessssnsensessenses 7
1.3  PinArrangement and FUNCLIONS..........cccieiiiireeieie e e et e e st e e sne s 9
O35 I . a1 4 =010 = = | S 9
1.3.2 PinFunctionsin Each Operating Mode..........ccccoiviiieninnineneeneseeeseseee s 11
1.3.3  PINFUNCHONS ..ottt st st 18
SECHION 2 CPU ..ottt 25
B O = 4T TSR 25
P R = (0=~ RSP SR 25
2.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU .........cccccvvvrievsieriennn 26
2.1.3 Differencesfrom H8/300 CPU .........cooiiiiiiinieienieeee et 27
214 Differencesfrom H8/300H CPU.........cccoiiiiirinieenee et 27
2.2 CPU Operating MOUES........ccoviuieierieeieieses e stestesee e see s e ste st sseeaessestesreste s e eneensessessessens 28
DA T Ao (0| 1= 0 o RS 33
A S = =0 11 (= g @0 11 To 1= 4 o] o 1S 34
241 OVEIVIBW...ceiie ettt sttt ae ettt st e be b bt e e e seseesbesbesaesaeeneenseneensessesaens 34
242  GENErAl REJISIEIS ...ttt 35
243  CONrol REGISIEIS ....oovieiiietiiteeet sttt ne s 36
24.4  Initial REQISIEr VAIUES......cc.ececeeeee ettt ee ettt sresne 38
2.5 DaEtBFOIMELS........ciieeieeieeee e e e e e n e 39
251 General Register Data FOrMaS........ccceieeieieeeeieerese e s seesee e ste e sresneeneas 39
252 Memory Data FOrMAELS.........ccoiiiiieieieiiene e 41
2.6 INSITUCTION SEL ...ttt sttt bbb e e ene e e e aeseesnens 42
261 OVEIVIBW. ..ottt sttt et ee st be s ae bt et et entesbesbesaesbeeneenseneenbeneenaens 42
2.6.2 Instructions and Addressing MOES..........cccevererenieieeresie s 43
2.6.3 Tableof Instructions Classified by FUNCLION ........ccccoveveieienieece e 44
2.6.4 BasiCINSTUCLION FOMMELS.....ccuieeeiriiieiriiie s 53
2.6.5 Noteson Use of Bit-Manipulation INStrUCtioNS..........ccoereeieneieneneesese e 54
2.7  Addressing Modes and Effective Address Calculation............c.ccceereneineneicneneenenee 55
271  AJAresSSiNG MOOE. ......cciiieiietirieieienier et 55
2.7.2 Effective Address CalCUlalion .........ccocuvereeirinineniiieesieeee s seens 58
2.8 PrOCESSING SEAES.....ccueiviitiiiecteeieeeee st e st e st et e e sreete e e esae st e teseesreese e e eneenaentesrenrens 62
P @ < 4T 1 TSP 62
2.8.2  RESEL SEAB.....cveieiiieeeietisieiee ettt sttt e b a e nenrenes 63
2.8.3 EXception-Handling SEALE...........ccevirieiriirieirieeines et 64
2.8.4  Program EXECULION SEALE..........ccuririiieririeieisieieesi et 65

Rev. 4.00 Jun 06, 2006 page xvii of liv

RENESAS



2.85  BUSREEASEA SLAE.........veiiieeeiie ettt et ae e s s e e s et e e s s eaara e s sreee s 65

2.8.6  POWEr-DOWN SEAE.......coviiiiiiiiii 65
bR T = T o I T 011 oo SR 66
291 OVEIVIBW..o.eicieeieie ettt n e n e 66
29.2 On-Chip Memory (ROM, RAM) ....coiiiiiireininieesieneeesie st 66
2.9.3 On-Chip Supporting Module ACCESS TIMING ....coerveeririenieirinieesie e 68
29.4 External Address Space ACCESS TIMING ..c.cevvrvereereriererrerieesieseeesseseeesseseeesseseenes 69
210  USAQE N, ettt rbe e b et e st e e nbe e st e e e be e s be e s nnee e e 70
2.10.1 TASINSITUCHION. ..ottt 70
2.10.2 STM/LDM INSITUCHION ...cveiirerieiiesreeesesreees e 70
Section 3 MCU Operating MOUES .......c.ccocuieieieeeeseee e 71
0 R © V= 4V 1= ORI 71
311 Operating Mode SEIECHON ......cccvevie e 71
3.1.2 Register ConfigUIatioN.......ccccvieiieeieieeiese st eee e e e te e s e e e see e srennens 72
TV = =0 [ (= g 1= o ] o) 0] S 72
321 Mode Control Register (MDCR) .....ccoeiriirieiriirieieiereeeee e 72
322 System Control RegiSter (SYSCR) ....ccevieiririeiriirieiriesieese s 73
3.2.3 BusControl RegiSter (BCR) .......ccciriiieiiriiieieriiieiesieeeiesie e 75
3.24 Seria Timer Control ReGIStEr (STCR) ..cvvvviiiieieceeeeese e nee e 76
3.3 Operating Mode DESCIIPLIONS ......ccuviieiereee e stese s e e seesie e tesre e e e esaessesre s e snesseenenseseens 78
331 MO L.t 78
.32 MO 2.ttt bbb bbb e b et ne e 78
.33 MO 3.ttt bbb bbb bt ne e 78
3.4 PinFunctionsin Each Operating Mode ..o 79
3.5 Memory Mapin Each Operating MO .......cccccvieiieineeie et 79
Section 4 EXCEPLioN HaNAIING .......vveiiiieieneieeeeieeinesesseieesesssesesssssssssssssssseees 91
R © < oV SO SPRRPR 91
411 Exception Handling Types and Priority ........ccccoereeneneieneneeeseneee e 91
412 Exception Handling OPEration...........ccoeerereeerieniee e 92
4.1.3 Exception Sourcesand Vector Table........ccccvvveeeeevenie i 92
4.2 RESEL...e ittt E R R R R R e R ner e r e 94
.21 OVEIVIBW ..ottt ne s e n et neer s nmnr e e nnas 94
4.2.2  RESEL SEOUENCE ......uiiviieeieeeerese sttt st s er e n e srens 94
4.2.3  INterruptS after RESEL........coiieiiiiee e 96
G T 1 01 1= 0o TP T PP PP USSR 97
R I = I8 1 1= 10 o TS 98
45  Stack Status after EXCeption HandliNg.........cccvveeieieeiese e 99
4.6  NOtesSON USE Of the SEBCK ......cveireeiiieeiecres e 100

Rev. 4.00 Jun 06, 2006 page xviii of liv

RENESAS



LT O = 4T SRR 101
ST N = (0= S SP 101
T 72 =Y Lo Tox [ 1o =0 ST 102
5.1.3  PiN CONfiQUIELION. ......ccueiitirieieiert ettt 102
514 Register CONfigUIaLiON........ceoveuertirieeiriiieieriereeesieseees s 103
5.2 REQISIEr DESCIIPLIONS ....ccutiviuieeiieieeiesieeet sttt 104
521 System Control RegIiSter (SYSCR) .....covieiiieeeeeere e se e e s seenes 104
5.2.2 Interrupt Control Registers A to C (ICRA tO ICRC).......cocevvvviesireceerenesie e 105
523 [RQEnable REGIStEr (IER) ......cevirieiiiieiririeise et 106
524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)........ccccvvvrriinirieenenine 106
525 IRQ StatuS REGISIEN (ISR)....civeuererieuieririeririeiee sttt st 107
5.2.6 Keyboard Matrix Interrupt Mask Register (KMIMR) ......coeoiiniicnincncnne 109
5.2.7 Address Break Control Register (ABRKCR).......ccccvvveeeiereresesieneeeeeeseesee e 111
5.2.8 Break Address Registers A, B, C (BARA, BARB, BARC)......ccccocvnevniinenennnn. 112
5.3 INEEITUPL SOUICES. ....cctiiiiieiiit ettt ettt sttt rae e s b bbb st e s beesnb e e s neesanes 113
531  EXENal INLEITUPES ..cooiviietiiiiieierteeeieste ettt 113
5.3.2  INtErNal INEEITUDES.......coviieeiiiterieieetereee st 115
5.3.3 Interrupt EXception VEector Table ........ccoeoeeiiiieinieeese e 115
B4 AQArESS BIrEEKS .....ceeueeeirieiiriiiiieeesiee ettt st bbb nnne 118
oY = 10 (== 118
X2 =Y Lo o [ 1 o =0 P 118
543 OPEIEIION ..ottt ettt bbbt et 119
5.4.4  USAQE NOLES.......cooiiieiciieieie sttt 119
5.5 INLEITUPE OPEIELION. .....cueitieeiiitiieeiesiestees sttt ns et b s e e 121
5.5.1 Interrupt Control Modes and Interrupt Operation...........cocevvveveeerieeseesesesennens 121
5.5.2 Interrupt Control MOdE 0......cceciiiiiirieicie e et sne 124
5.5.3 Interrupt Control MOdE L.......cccociiiiieieiee e et sne 126
55.4  Interrupt Exception Handling SEQUENCE ..........covvirieiriinieirieecerereeeei s 129
555 Interrupt RESPONSE TIMES .....cuviviieiriirieieiesie ettt 131
5.6 USAOE NOLES ... .ocuiieiiiiiiete et st r e 132
5.6.1 Contention between Interrupt Generation and Disabling..........ccceeevvvivreieneennn. 132
5.6.2 Instructionsthat Disable INEITUPLS........cccvveeeeieerere e 133
5.6.3 Interrupts during Execution of EEPMOV INStrUCLiON........cccocvieeeereeierienesienens 133
5.7 DTC ACHVAiON DY INEEITUPL........c.eitiieiitiieeeirieesesee e 134
D71 OVEIVIBW. ..ottt ettt ettt sttt e b e e e e te st e s besaeebe e e enteneenbensennens 134
5.7.2  BlOCK DIBOIAM......ccecuiitieeiiitiieiesteieest ettt 134
S AC TR © o< - (o] o [0S 135
SeCtioN 6 BUS CONIOIEN ... 137
Lo R @ V= 4V 7= SO PRSPR 137

Rev. 4.00 Jun 06, 2006 page xix of liv

RENESAS



LT I T == (1 | (- 137

L2072 =Y Lo Tox Q1o = PN 138
6.1.3 PN Configuration........ccccueiueierisesieseseceeesees et s e saese e e et e e eeesseneesnens 139
6.1.4 Register ConfigUIatioN.......cccccvieiieeieieererese e ee e e e st e e e sre e srennens 139
6.2 REQISIEr DESCIIPLIONS ....ccviveueeeireeeriesteeei ettt 140
6.2.1 BusControl Register (BCR) ......cccouririeiriirieinierieesiesi st 140
6.2.2 Wait State Control Register (WSCR) ......ccveiriiiririeinierieesie s 141
6.3 OVEVIEW Of BUS CONLION ..c.ooueciiiieieeiesie ettt sttt s st 143
6.3.1 BUS SPECITICAIIONS......cceiieitieiciesiese et st eesne e 143
6.3.2  AQVANCED MOUE......ccuiieeiriiieireie sttt 144
6.3.3  NOIME MO ... .ottt e b enean 144
6.3.4 /O SEECE SIGNal ....cveivieieiiiciee e es 145
6.4  BaSiC BUSINEITACE ..ot e 146
L @ Y= 4T 1 TR 146
6.4.2 DataSizeand Data AligNMmENt.........ccociririeeieiere e 146
B.4.3  Valit SITODES......coviieieeteriee e et 147
6.4.4  BASIC TIMING....ciiiriiietirieietesiee ettt ettt be e s 148
B.4.5 Wt CONLIOI ..ottt e et e sresneas 151
6.5  BUrSt ROM INEEITACE.......ciieiieiiieceeee et et seen 153
ST @ < 4T T TP 153
6.5.2  BaSIC TIMING.c.uiiiiiieiiieiieseseseeee e e st te e ere s e sae e sreste e ene e s esesteseesresseeneennenes 153
6.5.3  WaIL CONLIOL ....ooiviiciiiiiieiciiee sttt enes 155
6.6  IAIE CYCIB...eieiece bbb 155
B.6.1  OPEIEIION ...ttt bbb et bt 155
6.6.2 PinStatesin ldle CYCle.. ..o 156
6.7 BUSATDITIAON. ...ttt 157
L R @ < 4T T TR 157
SRV © o - (o] o [P 157
6.7.3  BUSTIansfer TIMING ......coooreiririeinirieiet e 158
Section 7 Data Transfer Controller [H8S/2138 Group].......cc.coeevevvereerserereseienns 159
% T O = 4T TSR 159
A R = 0=~ 159
25072 =Y o Tox [ 1o =0 S 160
7.1.3  Register CONfiQUIaLiON........cerveuerriieiertiieiisieree st 161
7.2 REQISIEr DESCIIPLIONS ....ccuiiveieieirtieeiesteeet sttt sttt b e e 162
721 DTCModeReGIStEr A (MRA) ..ooiieiiieises et 162
722 DTCMode RegiSter B (MRB)......ccooiiiieiriiieirisieesesie st 164
7.23 DTC Source Address REGISLEr (SAR)....cueieierireeeeieee e se e e see e sneas 165
7.24 DTC Destination Address Register (DAR) ......couevereveeeseeeeeeseese e e eeeeeens 165
7.25 DTC Transfer Count Register A (CRA) ..ot 165

Rev. 4.00 Jun 06, 2006 page xx of liv

RENESAS



7.2.6 DTC Transfer Count Register B (CRB)........ccuvirieiririeieesieseeeesie e e 166

727 DTCEnable Registers (DTCER) ......ccccuieiririeiririeieesiesie sttt 166
728 DTC Vector Register (DTVECR) ..ot 167
7.29 Module Stop Control Register (MSTPCR) .....cccocivviierieeie e 168
A T © o7 - (oo OO P PSP 169
731 OVEIVIBW. ..ottt sttt ettt st st e bt e b et e e s te st e s besaesaeeneenteneenbeneennens 169
7.3.2  ACHVALTION SOUMCES.....cviieistirieeieeeeieie sttt sttt see e st eae et et e beseesbessesneeneeneas 171
7.3.3 DTCVECION TADIE....c.ciiiiieieeere e e 173
7.3.4 Location of Register Information in Address Space.........ccovvvvveeeevenieseseseenens 175
7.35  NOMME MOUE.....cooiiiiriiiciriieee ettt e 176
7.3.6  REPEA MOUE......ccuieceiitiieieiis ettt et st re e e 177
7.3.7  BlOCK Transfer MOE. .......cccoiiiiiie e 178
7.3.8  Chain TranSfer ....cc.ooueeieee e e 180
7.3.9  Operation TIMING.....cccceiiesierereeeereesesesteseeesseesee e sresresesseeseeseestesresresseeseessenees 181
7.3.10 Number of DTC EXECULION SEALES........cvveerriririririeinesieesie st seens 182
7.3.11 Proceduresfor USINGthe DTC......ccocieieieie e st 184
7.3.12 Examplesof USe Of tNEDTC ..ot 185
T INEEITUPDLES. ..ottt e e r et r e e e n e sr e r e b ere e e e n e renre s 187
7.5 USAOE NOLES ... .cceiiiieieet e e e r et n e sn e re s 187
SECHON 8 1/O POITS ...ttt 189
ST A O = oY1= SRR 189
ST = o 1 A PSSR 195
B.2. 1 OVEIVIBW ...ttt sttt ettt st et e b et e e e e s te st e s besbeeaeeneenteneenbeneennens 195
8.2.2 Register CONfIQUIaLION.......ccueeeuereieeiirteieiesie ettt 197
8.2.3 PinFuNctionsin EaCh MOE.........cccciiiiririiiririiesee s 199
8.24 MOSINPpUt PUl-UP FUNCHION.......ciiieiiiiiceeseese et e e nneas 201
ST T = o 1 SRR 201
G R @< oV PSSP 201
8.3.2  Register CONfIQUIaLION.......couereeeertieeierteieiesieree st 203
8.3.3 PinFunctionsin EBCh MOE.........ccoiiriiiieieree e 205
8.34 MOSInpuUt PUl-UpP FUNCHION.......ciiiiciiiiceesece et nneas 207
S 0] 1 R TSR 208
S R @ V< 4T 1 TR 208
8.4.2 Register CONfIQUIaLION........cereeiertieeiirtiieiesieree st 209
8.4.3 PinFunctionsin EBCh MOE.........ccoiiiiiiieie e 211
8.4.4 MOS INput PUll-UP FUNCLION.......ccoiiiiiiiirieiereeser s 212
ST = o 1 £ SRR 213
B.5. 1 OVEIVIBW.c.uiiiiiiiieeete ettt ettt sttt b e e bt enes 213
8.5.2 Register ConfigUIatioN.......cccceveiiiieieierere s e s e sre e s e e e sre e srenneas 213
8.5.3  PINFUNCLIONS ..ottt sttt e et et saesne s 214

Rev. 4.00 Jun 06, 2006 page xxi of liv

RENESAS



ST = o 1 B TSP 218
3G R @ = 4T 1 TP 218
8.6.2 Register ConfigUIatioN.......cccccveeeieeeeieesese e see e et eeaesee e srennens 218
8.6.3  PINFUNCHIONS .....ciuiiitiitiieiisierie sttt sttt sb e neenes 220
S = o 1 B T PSSR 221
B.7.1  OVEIVIBW...ciee ettt ettt ettt st et e bttt e e e e s te st e s besbesbeeneenteneenseneennens 221
8.7.2 Register CONfIQUIaLION.......ccueieerertieeiirtiieiesiere ettt 222
8.7.3  PINFUNCHIONS ..ottt sttt se e neenes 225
8.7.4 MOSINpuUt PUl-UpP FUNCHION.......ciiieiiieceesic et eneas 227
SRS T = o 1 A SRR 228
B.8.1  OVEIVIBW ...ttt ettt ettt e s te st e besbe bt e neente e e nbeneesnens 228
8.8.2 Register CONfiQUIaLiON........cervererrireeiertiieisiere et 228
8.8.3  PINFUNCLIONS ..ottt sttt st st saesneas 229
SRS o1 B TSR 230
B.9. 1 OVEIVIBW.c.uieieieiiieeete ettt ettt ettt st s bt e b e ne b e enes 230
8.9.2 Register CoNfigUIatiON......ccccceveriiiecieeeiese st et eeaesee e srenneas 230
8.9.3  PINFUNCLIONS .....eiitiiieeieiee ettt sttt se b saesne s 231
ST O T o A SRRSO 234
B.10.1  OVEIVIBW ...ttt sttt sttt et et e bt e e e ee st e s be s besae e st e e enteseeebesaeeneeneenean 234
8.10.2 Register CoNfigUIatiON.......ccceieerereeiere e es e e e sr et eeneas 235
8.10.3 PiNFUNCHIONS .....coviieeiiiieisiisieste sttt st st a e e 236
Section 9 8-Bit PWM Timers [H8S/2138 Group].......cccoeueveveeevereeireieeseiiesssians 241
S I R @V 4T SO RRPRPR 241
.11 FBAIUIES. ...ttt ettt ettt a e s ae e he e sae e ebe e b e st e eae e ebe e be e beenrennee 241
1S5 =Y Lo Tox Q1o =0 ST 242
9.1.3 PN ConfigUration........cccueieeiesisesiesieseeieeestes e sie e s e e saesee e sresre s e eseeeeseensesnens 243
9.1.4 Register CoNfigUIatioN.......cccceieriieeeeieeseseste e ee e et seeaeseeseesrenneas 243
9.2 REQISIEr DESCIIPLIONS ....ccutteieieiieieeiesteee sttt 244
921 PWM Register SEIECt (PWSL) ....cviiieiiiieisieie e 244
9.22 PWM Data Registers (PWDRO to PWDRIDS) ......ccccocvevvinieeseneeseseese e 246
9.2.3 PWM Data Polarity Registers A and B (PWDPRA and PWDPRB).................... 246
9.24 PWM Output Enable Registers A and B (PWOERA and PWOERB) ................. 247
9.25 Peripheral Clock Select Register (PCSR) .....c.ccoevereiieseseeeeieesese e seseeseeeenens 248
9.2.6 Port 1 Data Direction Register (PIDDR)........ccoeriririeririnienineseee e 248
9.2.7 Port 2 Data Direction Register (P2DDR)........ccoeriririeririnieieeseiee e 249
9.2.8 Port 1 Data RegIStEr (PIDR).......ccuiuiieiriirieisiisieisieseesesteesseseesseste e ssesseseees 249
9.2.9 Port 2 Data RegIStEr (P2DR)......ccuiuirieiriiieirieieisiesie et st 249
9.2.10 Module Stop Control Register (MSTPCR) .....ccccovvviieeie e 250
LS G T @ = {0 o PSSR 251

Rev. 4.00 Jun 06, 2006 page xxii of liv

RENESAS



9.3.1 Correspondence between PWM Data Register Contents

aNd OULPUE WaVEFOMM......cviie ettt st nean 251

Section 10 14-BIit PWIM D/A ... 253
O R @ Y= V= RSP TPR 253
L0.1.1 FEAIUMES. ....ectiiteeeeteiteeete et st ettt st et esbe st etesbe e esesbeseesesbeseesesbeseesesteseesenteneas 253
10.1.2 BIOCK DIiBOIAIM.....eviuieterieieetesieeete sttt st sb et b e b b e b b e b s b snenesreneas 254
10.1.3 Pin COoNfigUuralion..........ccecueiuerereseseseseeseesesee e siesreeeeseesseseessessesressesseessesssnseses 255
10.1.4 Register ConfigUIation.........cccceiveereeieeieesesiesiestese e see e e st e e eaeseeseesee e 255

10.2 RegiStEr DESCIIPLIONS ... .ecuiceeeieie e sie st st s ee e e te e e e aesr e tesresresse e e esaeseeneeseenrenes 256
10.2.1 PWM D/A Counter (DACNT) c.ociiiieiiirieisiistereseseesesie e ssesessessssae e ssesesesnes 256
10.2.2 D/A DataRegisters A and B (DADRA and DADRB)........c.cccvveeinnnenerieeneins 257
10.2.3 PWM D/A Control Register (DACR) .......ccorruriririenirieieesise st 259
10.2.4 Module Stop Control Register (MSTPCR) .......cccvviieeieiie s eteeieeseseesreseeeeneens 261

10.3 BUSMaAESIE INTEITACE......cciieieeieeeeete bbb sre s 262
0 @ o= - 1 o o IS 265
Section 11 16-Bit Free-RUNNING TIMEN .........coooiiivieieeeee e 269
R @ Y= V= SO TPR 269
L1111 FEAIUIES. ....ecteieeete ettt sttt sttt sttt st ettt b e st e et e st e se et e s be st ebesbeneenenbeneas 269
I 7 = T Tox I 1T = 270
11.1.3 Input and OULPUL PINS.......cceeiieiieiesiesecie e e et see e st sae e snesresneensesnens 271
11.1.4 Register CONfigUIaiON. ... ..ccivireeeiriiieiert st 272

11.2 ReQISIEr DESCIIPIIONS . ....ecuiitiieeiirtereeterte ettt sttt b e bt bese b sbeseenenre e 273
11.2.1 Free-RUNNiNg CouNter (FRC) ......ccceviriirieiriireeieienieeeiesr e 273
11.2.2 Output Compare Registers A and B (OCRA, OCRB) ........ccccecvvveeverenesieseninens 273
11.2.3 Input Capture Registers A to D (ICRA tO ICRD) ....c.ecveveieveseceeeere e 274
11.2.4 Output Compare Registers AR and AF (OCRAR, OCRAF) .....cccccevvvevecirnnne, 275
11.2.5 Output Compare Register DM (OCRDM) .......cccoiieiriiriiieinieneeiesieseeiesre e 276
11.2.6 Timer Interrupt Enable Register (TIER) .....ccocoeiieienireeeesereeeseseee e 276
11.2.7 Timer Control/Status RegiSter (TCSR) ......cccvrireieririeinerieeseseee s 278
11.2.8 Timer Control REGISLEr (TCR) ...uecvieeeeeerese sttt see et e e 282
11.2.9 Timer Output Compare Control Register (TOCR) ......cccccevvvenevesesieeesee e 284
11.2.10 Module Stop Control Register (MSTPCR) .......cccvciieeieerese e seeeese et seeeeneens 286

11,3 OPEIGHON ...ttt ettt ettt et b e se et b e et b e e s e b e et eb e se e st b e sr et b se e b e nre e 287
11.3.1 FRCINCEMENT TIMING ...c.cieiueeeririeeeresieeeieseeeeie st se e e e 287
11.3.2 Output Compare OULPUL TIMING .....c.erirrierrerieiere et 288
11.3.3 FRC ClEar TiMING...c.cctiueeeteriieeterienieiesteseeessessesessessesessessessesessessesessessssessessenseses 289
11.3.4 Input Capture INPUE TIMING ....ccoeieeeieeeeieese et se e e e sre e eeeseens 289
11.3.5 Timing of Input Capture Flag (ICF) SEtting .......cccocvvievveiriececieses s 292
11.3.6 Setting of Output Compare Flags A and B (OCFA, OCFB)........ccccocvveerinieennes 293

Rev. 4.00 Jun 06, 2006 page xxiii of liv

RENESAS



11.3.7 Setting of FRC OVerflow Flag (OVF) ... 294

11.3.8 Automatic Addition of OCRA and OCRAR/OCRAF .......c.cccvreirereerereeeennens 294
11.3.9 ICRD and OCRDM Mask Signal GENeration..........coeveerreererreenenreeresnerenessenens 295
S 1 | = 1o = T TP PPPTRR 296
115 SAMPIE APPIICELION. ....iiiceiitirieieeteeet ettt b et srennene e 297
116 USBOE NOLES ... .ottt ettt sttt s r e ne e r e nnenns 298
SECHION 12 8-Bil TIMENS. ...ttt 305
12,1 OVEIVIBW ..ottt b et b e R st b st nenn et neer st nnen e nras 305
12,01 FEAIUIES ..ottt ettt b et b et n et nn s 305
12.1.2 BIOCK DIiBOIAIM.....eviieitirieiete ettt ettt eb bbb b b e b b e enesre e 306
12.1.3  Pin CONFIQUIBLTION. .....civieeeirieieiesieseet sttt s ene e 307
12.1.4 Register CONfigUIBLiON. .......cciueieirieieeereeiee sttt b e ere e ebesre e 308
12.2 ReQIStEr DESCIIPLIONS ... .ecieieeeiesieesie st st eee e e s e e tess et e s resresae e e eseeseeeeseenrenes 309
1221 Timer COUNLEr (TCONT) vcreiieeiirrereesree s 309
12.2.2 Time Constant Register A (TCORA) ..o ieieeeerereste st sees e et seeneenens 310
12.2.3 Time Constant Register B (TCORB) .......ccovireirinieininieiseseeeee e 311
12.2.4 Timer Control REGIStEr (TCR) .....coueiiiieiiierieieie ettt 312
12.2.5 Timer Control/Status RegISter (TCSR) ......cceeririeeriirieeresieesiereeeeee e 315
12.2.6 Serial Timer Control Register (STCR) ....cccvvvieeerecieseere e 319
12.2.7 System Control REGIStEr (SYSCR) ....cceveviieceeeeieee st e e see e s 320
12.2.8 Timer Connection Register S (TCONRS)......cccocvreeieverese e 320
12.2.9 Input Capture Register (TICR) [TMRX Additional Function] ...........ccccceeeevienee 321
12.2.10 Time Constant Register C (TCORC) [TMRX Additional Function]................... 322
12.2.11 Input Capture RegistersR and F (TICRR, TICRF)
[TMRX Additional FUNCLIONS]........cccoieiriireeieesese e e 322
12.2.12 Timer Input Select Register (TISR) [TMRY Additional Function] ..........ccc.c..... 323
12.2.13 Module Stop Control Register (MSTPCR) .......cccocviieierese e eeeieesesee e seeeeneens 324
12.3 OPEIGHON ...ttt ettt et b et b e e a e b s et b e et b e b e e b e e e 325
12.3.1 TCNT Incrementation TiMiNg .......ccoeeeereienrerenesereeeseesreseee e 325
12.3.2 Compare-MatCh TiMING.......coereeiririeiririeenese st 326
12.3.3 TCNT External ReSet TIMING .....cevreeirerrerererieineseresesreeseseesesre e 328
12.3.4 Timing of Overflow Flag (OVF) SEtting ......cccccevvvereiecicreere e 328
12.3.5 Operation with Cascaded CONNECLION...........ccvveeeererie s 329
12.3.6  INPUL CapUre OPEIaLiON ......ceeviieieeeiriirieiestereeeet st 330
124 INEEITUPE SOUMCES......cviieiiririierieieet ettt et se e r e sr e er e nn e nis 333
12.5 8-Bit Timer Application EXAMPIE........cccoiiiriiieiieeee ettt 334
12,6 USAOE NOIES....coiieiitiieiee sttt sttt sttt st st s b e s nbe e sab e e sbeeeabe e e nbeeebeeenseeenare s 335
12.6.1 Contention between TCNT Write and Clear.........cccvvvveierreenneineseeseseenenes 335
12.6.2 Contention between TCNT Write and INCrement ..........cooveerneinneensrenenennene 336
12.6.3 Contention between TCOR Write and Compare-Match...........ccoeevvincienenicnnne, 337

Rev. 4.00 Jun 06, 2006 page xxiv of liv

RENESAS



12.6.4 Contention between Compare-Matches A and B...........cccccoviieininccnicncienees 338

12.6.,5 Switching of Internal Clocks and TCNT Operation.........cccceevveeveervereeneseesrennenns 338
Section 13 Timer Connection [H8S/2138 Group).........ccueerereeeeeneeeeeneeeeeeeens 341
ST R @ V= V= PP 341

L13.1.1 FEALUIES. ...ttt bbb st st ae e sae e sbe et e e nbesabeeneesnee 341

13.1.2 BIOCK DIiBOIAIM.....eeiuiitiieeieetesieeete sttt b e eb bbbt b e e b resnenesre e 342

13.1.3 Input and OULPUL PINS.......ccveiieieiesiisecee et e e sae st sae e snesre e enaesnens 343

13.1.4 Register Configuration.........cccccveeeieereresesesesieeee s e e see st sre e e s e sresre e eneeeens 344
13.2 ReQIStEr DESCIIPLIONS ... .ecueeeeeeieieesieste st st ee e e te e e e aese e tesresresre e e enaeseeeesrenrenes 344

13.2.1 Timer Connection Register | (TCONRI) .....coovieiinieirineeereeeeeseeee e 344

13.2.2 Timer Connection Register O (TCONRO) .......cccevveerierieninenieneeiesieseeresreseeiesneneas 347

13.2.3 Timer Connection Register S (TCONRS).......cccirieririerienieirieseeresieseere e 349

13.2.4 Edge Sense RegiSter (SEDGR) .....c.coveviriiririniineeiesie ettt s 351

13.25 Module Stop Control Register (MSTPCR) .......cccvciieeieeriene e ceeseese e sreseeeeneens 354
TG T @ o= - 1 o o IS 355

13.3.1 PWM Decoding (PDC Signal Generation) ..........cccuereeereneeereeneeeneneeeseeneeennes 355

13.3.2 Clamp Waveform Generation (CLL/CL2/CL3 Signal Generation) ..........cccccue.... 357

13.3.3 Measurement of 8-Bit Timer Divided Waveform Period ..........c.cooeveeeceeiennnnnne 358

13.3.4 IHI Signal and 2fH ModifiCation.........cccceceiereeenieee e 360

13.3.5 1VI Signal Fall Modification and IHI Synchronization ...........ccceeevevvevnencecciennns 362

13.3.6 Internal Synchronization Signal Generation

(ITHG/IVG/CLA Signal GENEration) ........cceereeeerrereeieriereeresieseeresseseeseseesesseseeneenens 364

13.3.7 HSYNCO OULPUL....euveviivieeiiriisieesiesiesesressesaesessesessessessesessessesessessesessessesessessensnses 367

13.3.8 VSYNCO OULPUL....eueeriivieeieriisieiestesiesesseseesaesessesessessessesessessesessessesessessesessessensnses 368

13.3.9 CBLANK OULPUL....cucetiriiieieriiieiesiesieieste st esseseesesseseesessesseessesseeesessesesessessesesses 369
Section 14 Watchdog Timer (WDT).....oeineeeineeineeineeieeiseesseesseessssssssssssssseees 371
I R @ Y= V= TSP 371

L1411 FEAIUMES. ....ccviiteeeete ettt ste ettt st et et e st et et e st et ebesbesaeseabeseesesbessesestesaesentenens 371

14.1.2 BIOCK DIiBOIAIM.....eeiiiitirieiete ettt ettt b e bbb e b b e b b seenesre e 372

14.1.3 Pin CONfigUralion........cccceeuerueresesieseseeeeseesesee s e e sreesee e eseseestesnesressesseenseseenseses 374

14.1.4 Register ConfigUIation.........ccciviiieieeieeiesesiese e s see e st e e e sae e sre e 374
14.2 RegiStEr DESCIIPLIONS ... .ecueeeeieeee sttt st e e see e e e et e sr e tesresresre e e e saeseeeesrenrenes 375

14.2.1 Timer CoUNEr (TCNT) ..ociiiieiriirieirieseeee et 375

14.2.2 Timer Control/Status RegiSter (TCSR) ......ccceirvieeiriiieereiee e 376

14.2.3 System Control ReGISter (SYSCR) ....c.ovueiieriiirerieinie et 379

14.2.4 NOLES ON REGISIEN ACCESS.....uiiteieietirieeieiestesestesteseeeesaeste e srestesresseeseesesseseessesns 380
I T @ o= - 1 o o S 381

14.3.1 Watchdog Timer OPEration .......cccccceieeeeieesesiesesieseeseeseesesresresesseesesseeseessessens 381

14.3.2 Interval Timer OPEIaliON .......ccceoeririeerririeeeiesieeere st 382

Rev. 4.00 Jun 06, 2006 page xxv of liv

RENESAS



14.3.3 Timing of Setting of Overflow Flag (OVF) ... 383

s U | = 4 1o = TSP PPPSTRR 384
L145  USAOE NOLES....coitiiiiiieiie sttt sttt st st et e st e e s nbe e e b e e e sbeesabe e e nbeeebeeesseeenaneas 384
14.5.1 Contention between Timer Counter (TCNT) Writeand Increment..................... 384
14.5.2 Changing Value of CKS2t0 CKSD........ccoiiriiimireieiesieneeeesie et 385
14.5.3 Switching between Watchdog Timer Mode and Interval Timer Mode................ 385
14.5.4 Counter Value in Transitions between High-Speed Mode, Subactive Mode,
AN WACh MOE.......ccoreiiiie et 385
1455 OVF Flag Clear Condition.........ccccceveiieiesesieeeceeseseseese s seeaeseesee e sre s 386
Section 15 Serial Communication Interface (SCI, ITDA) ..., 387
T R @ Y= V= PP 387
15. 1.1 FEAIUMES. ....ectiiteeecteiteeete ettt sttt se et s be e et e st et ebesbesaesesbeseeseebessesestesaesenteneas 387
15.1.2 BIOCK DIiaQram......ccccceeiieiesiisiesestesieeeesie e e st te s e s e te st st sre e s e naenaesnesnesneens 389
15.1.3 Pin ConfigUuralion.........ccceouevierereseseseeeeseesesee s e e sreeee e eaeseestesnesressesneesseseesseses 390
15.1.4 Register Configuration.........cccceieeeiieeiieiesesiesesese e see e e et see e see e sne s 390
15.2 ReQiStEr DESCIIPIIONS . ..c.ccueitieeiiitereeieet ettt sttt sttt sttt b et b e e b b e enesre e 392
15.2.1 Receive Shift Register (RSR) ......ccoooieiiiieiieerees e 392
15.2.2 Receive Data Register (RDR) ......cccoiueiriieinerieese s 392
15.2.3 Transmit Shift REGISEr (TSR) ..c.ccceeveirieririse e eeereee st 393
15.24 Transmit Data REGISLEr (TDR)....ccoueieieieceeeeeeie st see e e e s e st eneeeens 393
1525 Seriad Mode ReGIStEr (SMR)...cvciiirieiiirieserieese s 394
15.2.6 Seria Control REQISLEr (SCR)......ciereeririirieieriereeresiereete sttt 397
15.2.7 Seria Status RegIStEr (SSR) ....cueiuirirerieeririee st 401
15.2.8 Bit Rate REGISLEr (BRR) ....cviuiiciiiieieiecesieese ettt st st s ere s 405
15.2.9 Serial Interface Mode Register (SCMR) ......c.ccveiiveieve e seceesees e s 413
15.2.10 Module Stop Control Register (MSTPCR) .......cccvoviieieereese e seeieeseseesteseeeeneens 414
15.2.11 Keyboard Comparator Control Register (KBCOMP)........cccccvvviveeieerenesiesennens 416
15.3  OPEIGHON ....ecueeteieeieete ettt et b et b e et b e et eb e e e bt e e b e e b nre e 417
15.3. 1 OVEIVIBW. ..ccvieiieeieeeeeee ettt s be bttt ne e besee st e saeese e s e st e besaesbesneeneeneens 417
15.3.2 Operation in ASyNChronOUS MOE...........ccoruieeiiirieereseees s 419
15.3.3 Multiprocessor CommuniCation FUNCLION..........ccceviieieeeeieeesese e seeseeeeneens 430
15.3.4 Operation in SynchronoUS MOE .........ccceeeeiieiieiesese et 438
15.3.5 1rDA OPEIELION .....cccveiieitesecteeteeeeieseestesestesre e e eaesees e srestesseeseensessessesaestesneeneennens 447
154 SCI INEEITUDES. ...ccveiieeeie ittt et sr e r e r e n e renrenns 450
155 USBOE NOLES......oouiiiiie ittt sttt s r e r e nenr s 451
Section 16 1°C Bus Interface [H8S/2138 Group Option] ..................ccccoeeeemeerrrrereee. 455
16.1  OVEIVIBW ...oueiuieterieeeete sttt st st se et st se ettt st e st st se e st e beseeseebesaeseebe s e e e ebesbe st ebenbeneenenbeseneeneas 455
16. 1.1 FEAIUIES. ....eotiieuiete ettt sttt sttt sttt sttt ettt st e et e st e e e b e e be st enesbeneenenbeneas 455
16.1.2 BIOCK DIiBOIAIM.....cveuiitirieieiesieeete sttt sttt eb bbb b b e b b e b r e enesne e 456

Rev. 4.00 Jun 06, 2006 page xxvi of liv

RENESAS



16.1.3  INPUL/OULPUL PINS....c.ecuiiiiieiintiieeeeteseeeet et 458

16.1.4 Register ConfigUIation.........cccceiviereeieeiesiesiese e se e e et sae e e 459
16.2 ReQIStEr DESCIIPLIONS ... .eiueeeeiesie e sie st st et et e e te s e e aese e tesresresse e e esaeseeneesrenreneas 460
16.2.1 I°C Bus Data RegIStEr (ICDR) ....cuvvivriicieisisiseissssssssssssesssssssssssssssssssssssessssssens 460
16.2.2 Slave Address Register (SAR) .....covcieiriiiieirereet s 463
16.2.3 Second Slave Address Register (SARX) ..ccuvveirerinieeriieeseseeeseseeee s 464
16.2.4 1°C BusMode RegIStEr (ICMR) .......cucvreeieiceeieieeeseses st 465
16.2.5 1°C Bus Control REGISLEr (ICCR) ......cvveveeeriieeeeeeeceeeseeseetessessssesessssesessesssessenensns 468
16.2.6 1°C Bus Status REGISLEr (ICSR).....cvvirieeireieiieissisesssssssssssessssssss s ssssseens 475
16.2.7 Serial Timer Control RegIiSter (STCR) ....cccvveveeerece e 480
16.2.8 DDC Switch Register (DDCSWR) ......coueuiriririierinienerieieesiee e e 481
16.2.9 Module Stop Control Register (MSTPCR) .......cooveiiireieinieeereseeeeeseseeeees 484
16.3  OPEIGLHON ...ttt ettt sttt et b et b et b e s e st b e s et eb e e st b se et b e e b e nre e 485
16.3.1 IPC BUSDAAFOMMEL ......ocvoreeeiceeiscieeeesessesssssesse st sssssens 485
16.3.2 Master Transmit OPEration ........c.cceverereseriesieeeeieeseseese et sre e esaeseeseesresresneens 487
16.3.3 Master RECEIVE OPEIatiON........cccoeiueiuesieieeeeieesesiestesesseereeseeeesseseesressesseseesessens 489
16.3.4 Slave RECEIVE OPEraiON......cciieieeiiriiieterteseet sttt 492
16.3.5 Slave Transmit OPEraioN .........ccceiereeeririeeneseeiesre ettt enesre e 495
16.3.6 IRIC Setting Timing and SCL CONLIOl ..........cooeeeririeenirieieerieeeeseeee e 496
16.3.7 Automatic Switching from Formatless Mode to I°C Bus Format ........................ 498
16.3.8 Operation USINGthE DTC .....ociiecieee ettt nnens 499
16.3.9 NOISE CANCEIEN ....c.ecviereiircrieees e 500
16.3.10 Sample FIOWCNEITS........c.oiieeiiieiieirieree e 500
16.3.11 Initialization of INternal State .........cceeeeiieieiire e 505
16.4  USBOE NOLES ..ottt st sr e r e e r e nenrens 506
Section 17 Host Interface [H8S/2138 Group] .........ccovreereereeneeenmeenneenseeneeeneeeneeeeees 523
17,0 OVEIVIBW ..ttt b et b b e st ne b st enr et neer e s nen e eras 523
L17.0.1 FEAIUMES....uiiieeieeetete ettt ettt sttt bbbt b et st b bt b 523
17.1.2 BIOCK DIiBOIAIM.....eeiiitiiieiete ettt b bbb bbb e b sreseenesre e 524
17.1.3 InpuUt @nd OULPUL PINS ......oieiieiiiieeierieeees et 525
17.1.4 Register Configuration.........cccieiceeieereiese e sesieeee s e e s see e sre st sneeneeeens 526
17.2 ReQiStEr DESCIIPLIONS .. .eitieeeieseee sttt st e et e et esr e besresresre e e esaeseeeesrenreneas 527
17.2.1 System Control REQISLEr (SYSCR) ....cceveieiirreiereeseste e se e sees e seesreseeseeneens 527
17.2.2 System Control Register 2 (SYSCR2) ......ccviirieeriirieisirieieereeeeeseesee e 528
17.2.3 Host Interface Control Register (HICR) ......coooeeiinieinieneeeseseeeeseeeees 529
17.2.4 Input Data Register 1 (IDRL)....cc.coeeiriiciriireeieieseeei et 530
17.25 Output Data Register 1 (ODRL).....cccvcverrererereeieesrerenesee s 530
1726 StatuSREQIStEr 1 (STRIL) ..ooveveererieireereeriererese e 531
17.2.7 Input Data RegiSter 2 (IDR2)........cvoiiiririeieenee st 532
17.2.8 Output Data Register 2 (ODR2)......cccceivirieinierieesieseeeeiesieee s 533

Rev. 4.00 Jun 06, 2006 page xxvii of liv

RENESAS



17.2.9 SEAUS REGISIEN 2 (STR2) w...oeoeeeeeeeeeeeeeeeeeeeessesesssseseeeseseseseeeeeeeesessssseseeeseeseseseee 533

17.2.10 Module Stop Control Register (MSTPCR) .......cccvciieeieriese e eteeseeesee e seeeeneens 535
ARG T @ o= - 1 o o IS 536
17.3.1 Host Interface OPeration.........ccccvceeieeieresesie s sesseeeeseese et sre e 536
17.3.2 CONIOl SEALES.....ccueeueeeeierie sttt sttt sttt et st sbesbe e se e e e nseseesbesee e 536
A G T 02 O 7 YRR 537
17.3.4 Host Interface Pin Shutdown FUNCLION .........ccoceeiiiiii i 539
S 1 1= 4 1o = TP PPPTRR 541
L1740 IBFL IBRF2...iieeee ettt st sttt sttt sttt be b 541
17.4.2 HIRQ11, HIRQL, and HIRQIL2.......cccoirieiriinieirierieeeieseeee et 541
17.5  USBOE NOLE.....ccuiieiiieie ettt et se e r e n e er e nrenns 542
SeCtioN 18 D/A CONVEITEN ..o esssesens 543
ST R @1/ = TR 543
L18. 1.1 FEAIUIES. ....ecviieeueete ettt sttt sttt sttt sttt et b e st e et e st e se et e s beseebesbeneenenbeneas 543
ST 7 = T To: g T = S 544
18.1.3 InPUt @nd OULPUL PINS .......eiviiitiiiiieeirieeeest e 545
18.1.4 Register CoNfigUIaLioN........ccoeiririeiererecieie ettt r e eb e s ere e 545
18.2 REQISIEr DESCIIPLIONS . ..c.ecuiitieeiiiterieieet ettt b et b e se bt bese b sbeseenesre e 546
18.2.1 D/A DataRegisters0and 1 (DADRO, DADRL) .....ccooeevireerinieerenieesesieenes 546
18.2.2 D/A Control REQIStEr (DACR) ...cceeeeieie ettt sa e sae st sseeneeeens 546
18.2.3 Module Stop Control Register (MSTPCR) .......cccvviieeieeriese e eeeseese e sreseeeeseens 548
18.3  OPEIGLHON ....ecueeteeeieete ettt et b et b et b e et b e et b e et b e et b e e b nre e 549
SECtiON 19 A/D CONVEITEN ... ssesees 551
RSN A @1 = TS PRP 551
L. 1.1 FEAIUIES. ....ectieeeiete ettt sttt sttt sttt sttt b st e s b e st e se et e s beseebesbeseenenbeneas 551
19.1.2 BIOCK DIiaQram......ccceceeiieiesiisiesiestesieeee e ste s e ste et e e sae et sreste e sseenaeeesnesresneens 552
19.1.3 Pin CONfIQUIALION. .....civieetirieieiesieseeiest ettt st sr e e sne e 553
19.1.4 Register CONfigUIaLiON........ccoeiiterieiriereeeete ettt b e ere e ebe e 554
19.2 ReEQISIEr DESCIIPIIONS . ..c.ecuiitieeiiiterieieste ettt sttt e b b e bt sbese b b e enesre e 555
19.2.1 A/D DataRegisters A to D (ADDRA t0 ADDRD).......ccvvvnerenenenieeneseeenieneas 555
19.2.2 A/D Control/Status Register (ADCSR) ......cccveveieerere et seee s s 556
19.2.3 A/D Control RegISter (ADCR) ......ccceeieieiese e ctese e seese e s sre e see e sne s 558
19.2.4 Keyboard Comparator Control Register (KBCOMP) .........coeieeerinieerereieenees 559
19.2.5 Module Stop Control Register (MSTPCR) .......cooveiiirieieinienieesieseeeeesee s 560
19.3  INtErfaCeto BUS MASEN .....couiieiiieieie ettt st sttt e s 561
S @ o= - 1 o IS 562
19.4.1 SINgIe MOAE (SCAN = 0) .oocvecieiieiereeiere e e ste et e e s e sae e st e e na e sresresne s 562
19.4.2 SCan MOAE (SCAN = 1) c.uiiiieiiiereesie ettt st st be et e 564
19.4.3 Input Sampling and A/D Conversion TIME ........cceerireeninenieeneneeeseseeeeeees 565

Rev. 4.00 Jun 06, 2006 page xxviii of liv

RENESAS



19.4.4 External Trigger INPUE TIMING.....cccoerereeirineeiniereeesiesieee e 567

RS R 10 1= U o £ T TP TPPTRR 567
1O.6  USAOE NOLES....coiiiiiiiiiiee sttt sttt bbb e b e e b e e e nbe e st e e e nbeeebeeesaeeenaee s 568
SECHON 20 RAM ..ot 573
20,1 OVEIVIBW ...ttt sttt ettt et et s it e st e e e s eesbesbeebe s st enee e ebesbesbesbeeneenseneenseneesrens 573
20.1.1 BIlOCK DIBGIAM......ceiuiriieetirieeeiest ettt se et sb e 573
20.1.2 Register ConfigUIatioN........ccceviiiieieeeeeesestesesesres e eae e s e e s sre s e esaeseeseeseesnens 574
20.2 System Control REJISLEr (SY SCR) .....cceieieiciiieceeseeste e st tes e eaesae e ste st e seesessessesnesnens 574
(0 G T @ = - (o) o PRSP 575
20.3.1 Expanded Mode (Modes 1, 2, and 3 (EXPE = 1)) ...ccoeenerieenerieerinenerisesesieieens 575
20.3.2 Single-Chip Mode (Modes2 and 3 (EXPE = 0)) ..ccvevvirerenenenieeneseeeesee e 575
Section 21 ROM (Mask ROM Version, H8S/2138 F-ZTAT,
H8S/2134 F-ZTAT, and H8S/2132 F-ZTAT) .coveveeveeeeeceeee e 577
b R O = 4T Y OSSP 577
21.1.1 BIOCK DIBGIAM......ceitiieiietiieeieiest ettt 577
21.1.2 Register CONfIQUIaLiON........c.eovevireieetirieieieseee ettt 578
21.2 REQISIEr DESCIIPLIONS ....cveteieeeireiieieseeee sttt b ettt bbb sae e 578
21.2.1 Mode Control Register (MDCR) ....cccceiiciesese e e et e e sne 578
b2 TG T @ = - (o) o PRSP 579
21.4 Overview Of FIash MEMOIY ..ot st st snens 580
2140 FEALUIES....ceuiueietett ettt sttt bbbt b b et b bt e bt st b b e et se b b st n 580
21.4.2 BlOCK DIBOIAM......ccitiieieetirieeeiest ettt 581
21.4.3 Flash Memory Operating MOOES ..........ccuiireiririeinereeiee st 582
21.4.4 Pin ConfigUration........cccueeeerieriesesesesieseeeesseseseesresesseeeesse e sresressesneessensenseseens 586
21.45 Register CoNfigUIaioN......ccccceiiieieeereeeeiestese e res e sae et eeaeneeseesrenne s 586
A ST 2 =0 [ (= D 1= o ] o) 0] SRS 587
21.5.1 Flash Memory Control Register 1 (FLMCRL)......ccccovirieinineeeneieeeese e 587
21.5.2 Flash Memory Control Register 2 (FLMCR2)........cccviieiiiniieereeesese e 589
21.5.3 EraseBlock Registers 1 and 2 (EBRL, EBR2).........cccoovieiininieneneieeec e 591
21.5.4 Serial Timer Control ReGIStEr (STCR) ..c.vovvviiivirecieeee e 592
21.6 On-Board Programming MOES...........cccereeiuerinieieseseeeeseesesiestesseeseessesses e snestessessneneens 593
21.6.1 BOOLIMOUE.......couiieieitirieieiesiee ettt bbb 594
21.6.2 USer Program MOGE.........ccooueiririiieitnieieesies ettt e 599
21.7 Programming/Erasing Flash MEMOIY .........ccoireirinieininenesiese e 600
21.7.1 Program MOOE ........coirieiiiieiniisieeee sttt bbb 600
21.7.2 Program-Verify MOGE........cccceveiiiieie et e e st nne s 601
21.7.3 Er8SEMOUE.....ccuieeeeiteieeieete ettt sttt 603
21.7.4 Erase-VErify MOUE .....ccoceveie ettt st 603
21.8 Flash MemOry ProtECHION. ........cceoeiirieieiirieeeiestee sttt 605

Rev. 4.00 Jun 06, 2006 page xxix of liv

RENESAS



21.8.1 HardWare ProtECHION .......ceeiiciiiie ettt ste e e s eae e s erar e e s sba e e s eaane e senaneas 605

21.8.2 SOftWare ProtECtION.......ccvceierieeeie st 605
P2 RS B = g (o g (0= 1o OSSP 606
21.9 Interrupt Handling when Programming/Erasing Flash MemMOry .........cccccvvvvievesesieeinennnns 608
21.10 Flash Memory Programmer MOE. ..........ccuiirieirerieene e 609
21.10.1 Programmer MOde SEHING.......ccoereeririeiririeesieseeesi e 609
21.10.2 Socket Adapters and MemOry Map ........ccvereirenenieenesieese e 610
21.10.3 Programmer MOde OPEration .........cceeeeeeveiesiesesreseeseesiessesesnesseseessessessessessens 610
21.10.4 Memory REa MOUE........cccccueieiiiesieceeee ettt enen 611
21.10.5 AULO-Program MOE........cceeiuerireiiirecie ettt e e et s sreenaenes 615
21.10.6 AULO-Erase MO . ........coeeirieiieierieeie ettt st 617
21.10.7 StatuUS REAO MOOE.......cueiveeiitiieeietisiete ettt ens 618
21.10.8 SEALUS POHTNG ...ttt 620
21.10.9 Programmer Mode TranSition TIME ......cccocvveieneeienese e e e see e 620
21.10.10 Noteson Memory Programiming.........ccccceveeereeeeseesesesesessesseessessessessessessees 621
21.11 Flash Memory Programming and Erasing PreCautions...........cccoveeeveeresesesesesseeseeseseens 621
21.12 Note on Switching from F-ZTAT Version to Mask ROM Version.........c.ccceeevennenienen 622

Section 22 ROM (H8S/2138 F-ZTAT A-Mask Version,

H8S/2134 F-ZTAT A-Mask VEISION)........ccoovmrumrenrnrineiseeiseieeeeeenns 623

221 OVEIVIBW ..oeeiiieiies ettt e b s e b et e bt s e bt ne b s s e b et e b e rerer e ns 623
272 W R =Y Lo Tox QD 1o = SRS 623
22.1.2 Register CONfIQUIaLiON.......cc.eeerireieeeirieietesieeei st 624

22,2 REQISIEr DESCIIPLIONS .....vtveueeeireeieeiesteeeee sttt bbbt b bt bbb snene 624
22.2.1 Mode Control Register (MDCR) .......coueiriirieiniirieieeerieeeesiee e 624

228G T @ o - (o) o PSR 625
22.4 Overview Of FIash MEMOIY ..ottt sneas 626
2241 FEALUIES......ccveeieeteeiresteeses ettt ettt 626
22.4.2 BlOCK DIBOIAM......ceitiieiietirieietest ettt 627
22.4.3 Flash Memory Operating MOOES ..........ccurireeririeinereeiee s 628
2244 PiN CONFIQUIELION. ......euiuiitiieiirtire ettt 632
2245 Register CoNfigUIAiON.....cccccieiieeiieeieeeeeesestes e se e e s sre e esaeseeseesrennens 632

2SI 2 =0 [1 (= g D 1= o ] o) o) SRR 633
22.5.1 Flash Memory Control Register 1 (FLMCRL)......cccceveveiieveeireeieseese e 633
2252 Flash Memory Control Register 2 (FLMCR2)........ccovireirineieereseesese e 635
2253 EraseBlock Registers 1 and 2 (EBRL, EBR2).........cccoovieieninineneeeec e 637
2254 Serial Timer Control Register (STCR) ....cevireirinceiiereeeesee s 638

22.6  On-Board Programming MOES..........cccceeeeiuerenieiesteseeeesaesieseste e s seessesses e snesresseesnenenns 639
22.6.1 BOOt MOOE......cciieiieieiiesieeresie ettt et 640
22.6.2 USEr Program MOE.........cceceienieieieceereesestesteseeae e e s se e eaesee st e snesnnenens 645

22.7 Programming/Erasing Flash MEeMOIY .........cccoireiiinieinineirese st 646

Rev. 4.00 Jun 06, 2006 page xxx of liv

RENESAS



22.7.1 Program MOOE ........coiieeiiiieiniesieeee et 646

22.7.2 Program-Verify MOUE........cccceveriieireeeieese s see e st se et s sne s 647
22.7.3 Er8SEMOUE.....ccuieeiiitiieeete ettt b e enes 649
22.7.4 Erase-VErify MOUE .....ccoeveie ittt s st 649
22.8 Flash MemOry ProteCliON. ........cccoeiireeririeieiesiees sttt 651
22.8.1 Hardware PrOtECLION ........cciieiieieeee ettt st 651
22.8.2 SOftWAre ProtECHION. ......ccueiiieiieieieeeee et sttt s sne s 651
P R B = g (o g (0= 1o OSSPSR 652
22.9 Interrupt Handling when Programming/Erasing Flash MemOry .........cccccevevvievesvsceeciennnns 654
22.10 Flash Memory Programmer MOGE.........ccceveiererieiesteseeeeseesiestestessessaesesses e snesresseenseneens 655
22.10.1 Programmer MOde SEHING.......ccoirueiririeirinieisieseeesi e 655
22.10.2 Socket Adapters and MemOry Map ......c.ccvireerinenieenesieeses e 656
22.10.3 Programmer MOde OPEFationN ..........cerveeeerieneeersineesesiesseesiesseesse s seenes 656
22.10.4 Memory R MOUE........cccccueiiriisiicie ettt st enen 657
22.10.5 AULO-Program MOE........cccccueiiriiiieciesees st see e e e sa et snnenes 661
22.10.6 AULO-Erase MOGE.......cc.ovririiieiirieniei sttt st 663
22.10.7 StatuUS REAO MOOE.......cueveeiitiiieieetisiete ettt ettt ae e 664
22.10.8 SEALUS POHTNG ..ttt 666
22.10.9 Programmer Mode Transition TiME ........ccvereiririenieenesiee e 666
22.10.10 Noteson Memory Programiming.........ccccceeeeereeeeseesesesesessesseessessessessessessees 667
22.11 Flash Memory Programming and Erasing PreCautions...........cccoveeeveereresesesesseeseeseseens 667
22.12 Note on Switching from F-ZTAT Version to Mask ROM VEersion........cccceevveeveeveeiennnns 668
Section 23 Clock PUISE GENEYELON ............ccocviveieieieieseee e 669
PG R @V 4V 1= OSSP 669
220 T 00 R =Y Lo Tox QD 1 o =0 RSSO 669
23.1.2 Register ConfigUIatioN......c.ccceiiiieiiiereeeereste e s es e eae e s e e s sre e enaeneeseessennens 670
AT = =0 11 (= gD 1= o ] o) 0] SRR 670
23.2.1 Standby Control Register (SBY CR) .....ceveieiriinieirierieieesie e 670
23.2.2 Low-Power Control Register (LPWRCR) .......cccoirieerinieirieicereseeeseesee s 671
PG TG T © (= 1 = o] RSSO 672
23.3.1 Connecting a Crystal RESONGLON ..........cccciueieiieieieeieieesese e e e ssee e eeesee e e enens 672
23.3.2 EXternal ClOCK INPUL.......cocueiieriesiesiesecee et e e see st esaesre st eneenneneas 674
23.4 Duty AJUSEMENE CITCUIT.....civiiteiieeeeeeeseese st s s e e e s e e e te e e e e seestesresre s e eneeseenaesrennens 677
235 Medium-Speed ClOCK DIVIAES ......ccccoviereiiereese et 677
23.6 BusMaster Clock SEleCtion CirCUIL.........coeiirerieeieriese ettt 677
23.7  SUBCIOCK INPUE CIFCUIT ...t 677
23.8 Subclock Waveform Shaping CirCUIL........coevivieieeieeieereseese e sree e see e s re s e seesee e seesnens 678
23.9  Clock SElECtION CIFCUIT .......eeeeiieiieiriee sttt et 679

Rev. 4.00 Jun 06, 2006 page xxxi of liv

RENESAS



SECtioN 24 POWEr-DOWIN SEALE.........eceeeeeeeeeeeeeeeeeeeeee e eeeeeee ettt ee s eeeeees 681

B R O = 4V 1= Y SO SPTSRT 681
24.1.1 Register CoNfigUIAioN.....ccccceiieeieeeeeetereste e s e s see e s sre e e e e neeseesrenneas 685
24.2 REQISLEr DESCIIPLIONS.....cuiiiiieeeieeeeestesese e s e e e s e te e sre e e e e e seestestesresse e e eneeseesaesresrens 685
24.2.1 Standby Control Register (SBY CR) .....coverieeriinieinirieieesie e 685
24.2.2 Low-Power Control Register (LPWRCR) .......ccooirieirinieireicesieseeeseesee s 687
24.2.3 Timer Control/Status Register (TCSR) .....cccuiirieeririeiriesieesie e 689
24.2.4 Module Stop Control Register (MSTPCR) .....cccocivvviieeie e 690
24.3 Medium-SPEEU MOUE.......c.coirieieriirieeeree ettt se s 691
244 SIEEP MOUE ... .ottt e et e e e e e e e aenrenreas 692
24.4.1 SIEEP MOUE ...ttt sttt st b et ne st e s e 692
2442 Clearing SIEep MOTE........ccooiriieiieeee e e 692
245 MOQUIE SLOP MOUE ...ttt 693
24.51 MOAUIE SOP MOUE ......ocviieeceeeiese ettt s enes 693
24.5.2 USAGE NOLE.....cciiei ittt sttt sttt bbb be e s nbe e s nae e e sbeesnneeeees 694
24.6  Software Standby MOOE.........coeieiiiiieceeese st sre e e e e e e aesrennens 695
24.6.1 Software Standby MOCE..........coerueirireirireeeree e e 695
24.6.2 Clearing Software Standby MOde..........ccciiiiirineee e 695
24.6.3 Setting Oscillation Settling Time after Clearing Software Standby Mode........... 696
24.6.4 Software Standby Mode Application EXample........cccoovevevenieieseeieenene e 696
24.6.5 USAEINOLE.....ccciiiiiiiiiee sttt st s bt e e e nae e e b e e e nnee e ees 697
24,7 Hardware Standby MOGE .......c.ooeiiiiiiiicece ettt et neenaeneens 697
24.7.1 Hardware Standby MOOE ...........cooeiiiiiiee e 697
24.7.2 Hardware Standby Mode Timing.........ccceerereerineinesesese e 698
b R - (o 1 1Y, o o LTSRS 699
24.8.1 WELCh MOUE.......covieeiiriiieicsie ettt bbb e 699
24.8.2 Clearing WatCh MOGE.........cccvvieiieee e s 699
24,9 SUDSIEED MOOE......c.eeuiieiieiieieriee sttt sttt bttt st e 700
24.9.1 SUDSIEEN MOUE.......ciieiieieie ettt et 700
24.9.2 Clearing SUDSEER MOCE.........cociiiiiiiriiee e e 700
24.10 SUDBCHIVE IMOUE ...ttt sttt e st sbe st e e e e e seanbeseesreas 701
24.10.1 SUDBCHIVE MOUE ......cviiiieiiiiie e bbb 701
24.10.2 Clearing SUDaCtivVe MOME..........cccveeeieiese et st 701
24,10 Dir€Ct TTANSITION ..ecviitiietiriiietestistet sttt st be e s s be st sbe st enesbenane 702
24.11.1 Overview of DIireCt TranSIitioN .......ccoocvieeerieie e 702
2412 USAOE NOLES .....coiiiieiieceete st e r e e r et nenre s 702
Section 25 Electrical CharaCteriStiCS........o.ooviiriieieiseeseeesse s 703
25.1 Voltage of Power Supply and Operating RaNgE ........ccveievereve s secieeie e st seene s 703
25.2 Electrical Characteristics of H8S/2138 F-ZTAT ....occvviieire et 706
25.2.1 Absolute Maximum RELNGS ........coeeririeiririeieesee e 706

Rev. 4.00 Jun 06, 2006 page xxxii of liv

RENESAS



25.2.2 DC CaraCtElISlCS . ueeeiiuveieiettii e seeiee e sttt e e ettt e s ete e s e sabe s s seaseessbeeessssbessssssnnessbeness 707

25.2.3 AC CharaCleiSlICS ...cuvevirienieieriiietisieiete sttt b e s s e s neenes 718
25.2.4 A/D Conversion CharaCteriStiCS........curueuririnieirinieisesienesesiesieesie st sesse e sesse s 727
25.25 D/A Conversion CharaCteriStiCS........cuiueuririnieirinieeresiesesesiesieesiesiesesseseesesseees 729
25.2.6 Flash Memory CharaCtefistiCS ......coououririrririiieseeesee et 730
25.2.7 USAQE NOLE.......oiiiiriiiiciieieeee st s nn 731
25.3 Electrical Characteristics of H8S5/2138 F-ZTAT (A-Mask Version),
and Mask ROM Versions of H8S/2138 and H8S/2137 .........ccocvvevvinieninennneese e 733
25.3.1 Absolute Maximum RELNGS .....cceveeeerereresesesseesesese e sseeseeseeseesresre e eseeseenes 733
25.3.2 DC CharaCleliSliCS . ..cuveviriereetiriieetisiiietesieeeie sttt se s e ss e s e e s ssenes 734
25.3.3 AC CharalteriSliCS .. vevereerierieeteeieierieseeste et eesee e st sse e e eteseesbesaesneas 744
25.3.4 A/D Conversion CharaCteriStiCS........urerriererenieneeieee e 753
25.3.5 D/A Conversion CharaCteriStiCs........uueriereieniereeieeere et 755
25.3.6 Flash Memory CharaCteristiCS ......cceverireiisieseeieiesees e se s s e e see s sneas 756
25.3.7 USAGENOLE.....cociiiiiiiciee sttt sttt sttt st s b e st be e s be e s ne e s nbe e s nneeeees 758
25.4 Electrical Characteristics of H8S/2134 F-ZTAT, H8S2132 F-ZTAT,
and Mask ROM Versions of H85/2132 and H8S/2130 ........cccccuvvvieeeesienieeseseese e 759
25.4.1 Absolute Maximum RELNGS ........uoeeririeirisieieesieeesies s 759
25.4.2 DC CharaCteriSliCS . ..ueueiuerterueeteeieiesie sttt s eesee e s be e se e e e ebeseesbesaesneas 760
25.4.3 AC CharaCleiSlICS . .cueeviriiietiriiierisieietesiees sttt s b e neenes 768
25.4.4 A/D Conversion CharaCteriStiCS........cuiueuririnieirinieisesiesesesiesieesie st sesse s sesne s 775
25.45 D/A Conversion CharaCteriStiCS........cuuuuririnieirisieisesieseseseesieesie st see s ees 77
25.4.6 Flash Memory CharaCtefistiCS ......couvriririeirieeereeeesieee s 778
25.4.7 USAQE NOLE.......ooviiriiiiitieiee ettt st nre 779
25.5 Electrical Characteristics of H852134 F-ZTAT (A-Mask Version),
and Mask ROM Versions of H8S5/2134 and H8S/2133 .........ccccvvvevnienineeneeese e 780
25.5.1 Absolute Maximum RELNGS .....ccveeeeeierereseseeieesesees e e e see e ssesresreseesaeseenes 780
25.5.2 DC Char@CleliSliCS ...cuvevirienieririieetesiieetesteeeie sttt ee s s ss s s e seseenes 781
25.5.3 AC CharalteriSliCS . .ueuertirterierteeieieresteste sttt see e st sse e neenbeseesbesaesaeas 787
25.54 A/D Conversion CharaCteriStiCS........urerrierererieneeieee et 794
25.5.5 D/A Conversion CharaCteriStiCs........uueriererinereeieeesie s s 796
25.5.6 Flash Memory CharaCteristiCS ......cceivrireiisiseeiee e st e e s sneas 797
25.5.7 USAGE NOLE.....coiiii ittt sttt st sttt be e st e s ae e s nbeesnneeeees 799
25.6  Operational TiIMING .....ccccovieieeeeeeiesesesesesteseeeeseesee e sreste s e eseesseseestesressesseeseensensessessens 800
25.6.1 ClOCK TIMING ...cviitiieiirtiieiiiteieesi st s 800
25.6.2 Control SigNal TiMiNG ......cccoereieeiriieereees e e 802
25.6.3 BUSTIIMING .ecueitiiiieiitiietist ettt bbb e 803
25.6.4 Timing of On-Chip Supporting ModUIES...........ccceeveveriereieeeeere e 807
APPENdiX A INSIUCTION SEL ...ttt 813
Nt R 1 0 1 £ Tox 1 o o SRR OSRRURRRR 813

Rev. 4.00 Jun 06, 2006 page xxxiii of liv

RENESAS



Y A2 101 1 g0 ot o [ 000 o [T 831

A3 Operation COUE MaP......ceceeeeieriestisesestes e eee e stesesre e sseeseeseesseteseestesaessesseeseesensenseseens 845
A.4  Number of States Required fOor EXECULION .......ccccoeieiienieneciereese e st e e see e e e 849
A.5 Bus States during INStruction EXECULION ........ccccveeeeciererese et seesee e 862
Appendix B Internal 1/O REGISLEIS........ccoovuiieeeeieieeseecee e 878
2 30 R [0 (=SS =TSP T TR 878
B.2 Register SAlection CoNItiONS.........cccierireiiseneeieeesees et se e e e st eenee s 884
B.3  FUNCHIONS. ...ttt sttt st sttt st et se e et see et e nre e 891
Appendix C /O Port BIOCK DI@Qrams...........c.cccoeueveeieieeoneiesseeesssse s, 965
C.1  POrt 1 BIOCK DIiBgIaIM ...ceeueeuiieiieiiitiieiesiest ettt st b et 965
C.2  POrt 2 BIOCK DiBgIaIMS.....c.ceuireieeieriiieiesiesieiesies ettt ettt sn et b b 966
(ORI = o Ty BC ] =] Voo [ DI "o - o [OOSR 969
C.4  POrt 4 BlOCK DIiagramS.....ccceiiieiieetieeesiesesesteseeeeseesaes e seestesseesaessessessessessessesssesssssessessens 970
C.5  POrt 5BIOCK DIiagramS.....ccceiiiiiieeiieiesiesiesesteseeeeseesees e seestesseesaesaessestesressesseessesssssessessens 977
C.6  POrt 6 BIOCK DiBgraImS.......ceueiuieeuiriiieieriisteesiesie sttt sn e 980
C.7  POrt 7 BIOCK DiBgIaIMS.....c.ceueiuieeieriinieiesiisieestes ettt st sn e bbb 985
C.8  POrt 8 BIOCK DiBgIaIMS.....c.ceueivieeiiriiieiesiisieesie ettt sttt sn e s 986
C.9  POrt 9 BIOCK DIiagramMS.....ccceieiierieetieeesiesesestesesee e saes e seeste s e esaessessestesressesseensesesssessessens 992
APPENAIX D PIN SEALES ...ttt sttt 997
D.1 Port Statesin EaCh ProCeSSING SEALe..........cceeirieiririeesereeie et 997

Appendix E Timing of Transition to and Recovery

from Hardware Standby Mode..............ccccoooveieiieiccccecceees 999
E.1 Timing of Transition to Hardware Standby MOdE..........cccccevvrieienireeieee e 999
E.2 Timing of Recovery from Hardware Standby ModE..........cccceveveiininrenierece e 999
Appendix F Product Code LINEUP ..o 1000
Appendix G Package DIMENSIONS..........coiieeieiseeeeeeesesssesssesssssssesssssessanees 1002

Rev. 4.00 Jun 06, 2006 page xxxiv of liv

RENESAS



Figures

Section 1 Overview

Figure 1.1
Figure 1.2
Figure 1.3
Figure 1.4

Section 2
Figure2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure2.5
Figure 2.6
Figure2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure2.11
Figure2.12
Figure2.13
Figure 2.14
Figure 2.15
Figure 2.16
Figure2.17
Figure 2.18
Figure 2.19
Figure 2.20

CPU

Internal Block Diagram of H8S/2138 Group..........coeervermeererieneeesienieesieneens 7
Internal Block Diagram of H8S/2134 GroUP........cccvveeeereeriesesieseeeeseeseeseesnens 8
Pin Arrangement of H85/2138 Group (FP-80A, TFP-80C: Top View) ............ 9
Pin Arrangement of H85/2134 Group (FP-80A, TFP-80C: Top View) ............ 10
CPU Operating MOES.........coeiieuiriiieienieseeie sttt e 28
Exception Vector Table (Normal MOde) ........ccccevevereieieneseeeeseesese e e 29
Stack Structure in Normal MOGE..........cocoveiiireiene e 30
Exception Vector Table (Advanced Mode) .........cccevveeveeeeieerenie e 31
Stack Structure in Advanced MOGE...........ccoveerirerine e 32
MEMOIY M8 ..o e 33
CPU REISIEIS ..ttt sttt st s 34
Usage of General REGISLEIS .....c.ucveiererese st 35
S o TSRS 36
General Register Data FOrMaLS........cccoveeeieseseeieeeeseese e e see s 39
MemOory Data FOIMELS.........cccvevireieriirese s 41
Instruction FOrmats (EXamMPIes) ........cceerireininieineeesesee s 54
Branch Address Specification in Memory Indirect Mode...........c.ccceeveiieenenne. 57
PrOCESSING SEALES ... .ecviieeeeeeeeies sttt e e et st e e e e tesresre s e eneeneenean 62
StAt TIANSILIONS. ....civiicieiieete e et 63
Stack Structure after Exception Handling (EXamples) .......ccccvevevevvneneeceennens 65
On-Chip Memory ACCESS CYCI.....ouiiiiieirierieese e 67
Pin States during On-Chip MemOory ACCESS.........cuoeeririeerenieesesie s 67
On-Chip Supporting Module ACCESS CYCIe........ooiriiiirciieneeee e 68
Pin States during On-Chip Supporting Module ACCESS........ccccverereresieevereennn 69

Section 3 M CU Operating M odes

Figure 3.1

Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5

H85/2138 (Except for F-ZTAT A-Mask Version) and H85/2134 Memory Map

iN Each Operating MOGE. ..........ooeiiiiieieiereee e e e 80
H8S/2138 F-ZTAT A-Mask Version Memory Map in Each Operating Mode 82
H8S/2133 Memory Map in Each Operating Mode..........ccccovvveievenecceseeeenen, 84
H8S/2137 and H8S/2132 Memory Map in Each Operating Mode.................... 86
H8S/2130 Memory Map in Each Operating Mode..........cccocvvveecvencceseeeenen, 88

Section 4 Exception Handling

Figure 4.1

EXCEPLION SOUMCES......eueevetieeierteiete ettt 92
Rev. 4.00 Jun 06, 2006 page xxxv of liv

RENESAS



Figure 4.2
Figure 4.3
Figure4.4
Figure 4.5 (1)
Figure 4.5 (2)
Figure 4.6

Reset Sequence (MO 3) ......cueiuiieiiirierieeeese s
Reset SEqUENCE (MOOE 1) ....ccueeveeeeieiie ettt st ne e e s aneas
Interrupt Sources and Number of INtEITUPLS.......cccceeeeeieevere e
Stack Status after Exception Handling (Normal Mode) ........cccecvvvvveerecnennns
Stack Status after Exception Handling (Advanced Mode) ..........ccccoeveeerienennne
Operation When SPValue 1SOdd..........coeieiiieiiieese e

Section 5 Interrupt Controller

Figure 5.1
Figure 5.2

Figure5.3
Figure5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure5.8

Figure 5.9
Figure 5.10

Figure 5.11
Figure5.12
Figure5.13

Block Diagram of Interrupt Controller ........covvveieveiieve e
Relationship between Interrupts IRQ6, Interrupts KIN7 to KINO,

and RegIStEIS KMIMR ...t e
Block Diagram of Interrupts IRQ7 t0 IRQO.......cccceriieiriieerieeseeeseeees
Timing Of IRQNF SELING......ccereeeiirieireeee s
Block Diagram of Address Break FUNCLION..........ccccceeeveiececcece e
Examples of Address Break TiminNg.........cceeeeeueverieveseseseeieeseeseseesesesseeseeneas
Block Diagram of Interrupt Control Operation ..........cceeeeveeveresievesesieseeseeen,
Flowchart of Procedure Up to Interrupt Acceptancein Interrupt Control

Example of State Transitionsin Interrupt Control Mode 1 ..........cccceveiieennnee
Flowchart of Procedure Up to Interrupt Acceptancein Interrupt

(@0 g1 7o) I 1Y o[- RSO PSTRT
Interrupt EXception HaNdling ........cccovvveveienisecesesese st
Contention between Interrupt Generation and Disabling .........ccccoeevevvrerenenen.
Interrupt CONtrol FOr DTC .....c.oiiiceieieet e

Section 6 Bus Controller

Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8 (a)
Figure 6.8 (b)
Figure 6.9

Block Diagram of BUS CONLIOIIEr ..........cccvieieeecescse e e
T1OS Signal OULPUL TIMING.......cvveeeeceireeeieeeeesseeeeeesesssessesssessesssessesssesssesssesanens
Access Sizes and Data Alignment Control (8-Bit Access Space).........coeeveveneee
Access Sizes and Data Alignment Control (16-Bit Access Space).........cccvvveneee
Bus Timing for 8-Bit 2-State ACCESS SPACE .....c.cvvereeveriiiererieieierieeeie e
Bus Timing for 8-Bit 3-State ACCESS SPACE .....ccevvevvrerr e e e
Example of Wait State INsertion TimMiNg......ccccccovvereeieeieesesese s
Example of Burst ROM Access Timing (When AST = BRSTS1=1)..............
Example of Burst ROM Access Timing (When AST = BRSTS1 = 0)...............
Example of [dle Cycle Operation ............ccvereereneieneneeses e

Section 7 Data Transfer Controller [H85/2138 Group]

Figure 7.1
Figure 7.2
Figure 7.3

Block Diagram Of DTC ....ociiicieieee e steseeie s e sttt aneas
Flowchart of DTC OPEration.........ccceveeereeeeeereesieseeseseesreseseessessesesressessessens
Block Diagram of DTC Activation Source Control ...........coceeeereeeriereenencneenes

Rev. 4.00 Jun 06, 2006 page xxxvi of liv

RENESAS



Figure7.4 Correspondence between DTC Vector Address and Register Information....... 173

Figure 7.5 Location of DTC Register Information in Address Space.........ccccoevvvvveveneennn. 175
Figure 7.6 Memory Mapping in Normal Mode .........ccceeveeeieveseseceeeeeee e 176
Figure 7.7 Memory Mapping in Repeat MOGE..........ccccveeieeiereee e 177
Figure 7.8 Memory Mapping in Block Transfer Mode...........ccvvverninineinineecsesee 179
Figure 7.9 Memory Mapping in Chain Transfer ... 180
Figure 7.10 DTC Operation Timing (Normal Mode or Repeat Mode).........c.ocoverererenennnn 181
Figure 7.11 DTC Operation Timing (Block Transfer Mode, with Block Size of 2)............. 181
Figure 7.12 DTC Operation Timing (Chain Transfer) .....cccevvvieveeevieeeeieses e eee e 182

Section 8 1/O Ports

Figure 8.1 POt L Pin FUNCLIONS ..ottt 196
Figure 8.2 Port 1 Pin FUNCLIONS (MO 1) .....ccuviviieiieieeeriereeeeeseees et 199
Figure 8.3 Port 1 Pin Functions (Modes 2 and 3 (EXPE = 1)) .ccccovvvveeeeveere v 199
Figure 8.4 Port 1 Pin Functions (Modes 2 and 3 (EXPE = 0)) ...ccovveeeeeeveereveesieseseeeeenenn 200
Figure 8.5 POt 2 PiN FUNCLIONS ..ottt s ne e 202
Figure 8.6 Port 2 Pin FUNCEIONS (MO 1) .....ccuviviieiiriirieinieneeeseeee et 205
Figure 8.7 Port 2 Pin Functions (Modes 2 and 3 (EXPE = 1)) ...ccccoveivineieninerecneeee 206
Figure 8.8 Port 2 Pin Functions (Modes 2 and 3 (EXPE = 0)) ....coceoeerinenenineneesienieene 206
Figure 8.9 POt 3 PiN FUNCLIONS ......ocuececeee ettt s 208
Figure 8.10 Port 3 Pin Functions (Modes 1, 2, and 3 (EXPE = 1)) vcceoveeevvneveeereceeeene, 211
Figure 8.11 Port 3 Pin Functions (Modes 2 and 3 (EXPE =0)) ..ccovveeeeveveneveeseeeeee e 211
Figure 8.12 POt 4 Pin FUNCLIONS ..ottt e 213
Figure 8.13 POt 5 PiN FUNCLIONS ..ottt 218
Figure 8.14 POt 6 PiN FUNCLIONS ..ottt 221
Figure 8.15 POIt 7 PiN FUNCLIONS ......ccueeices ettt 228
Figure 8.16 POIt 8 PiN FUNCLIONS ......ccuveieiese ettt st sn s 230
Figure 8.17 POIt 9 PinN FUNCLIONS ......ccueiicies st s 234

Section 9 8-Bit PWM Timers[H8S/2138 Group]

Figure9.1 Block Diagram of PWM Timer MOdule..........cccoveirineinineneeceseeeesees 242
Figure 9.2 Example of Additional Pulse Timing
(When Upper 4 Bits of PWDR = 1000)......cccccceirrerieerieseseseeeeseeseeseeseeseeneenes 252

Section 10 14-Bit PWM D/A

Figure 10.1 PWM D/A BIOCK DIi@Qram .......ccooueieeueriinieiisiisieesiesieesie s 254
Figure 10.2 (a) Accessto DACNT (CPU Writes H'AAS7 t0 DACNT) ...covveieveinereeereeees 263
Figure 10.2 (b) Accessto DACNT (CPU Reads H'AAS7 from DACNT) .c.oovvvveenenreeniennenens 264
Figure 10.3 PWM D/A OPEraliON.....cceiieiiesiesiesesieeteeeeseesieseesesaestesseeeessessessessessessessessesnees 265
Figure 10.4 (1) OUtPUt WaVEFOIM .....c.eeieie ittt st sr et sne e e s 267
Figure 10.4 (2) OULPUL WAVEFOIM ......oviiiitiieeeetireee ettt 267

Rev. 4.00 Jun 06, 2006 page xxxvii of liv

RENESAS



Figure 10.4 (3) OULPUL WaVEFOIM ......oviuiitiieiietireeietere ettt
Figure 10.4 (4) OULPUL WaVEFOIM.......ecieie ettt se et sn et e e e s

Section 11 16-Bit Free-Running Timer

Figure11.1
Figure 11.2
Figure11.3
Figure11.4
Figure 11.5
Figure 11.6
Figure 11.7
Figure 11.8

Figure 11.9
Figure 11.10

Figure 11.11
Figure 11.12
Figure 11.13
Figure 11.14
Figure 11.15
Figure 11.16
Figure 11.17
Figure 11.18
Figure 11.19
Figure 11.20

Figure 11.21

Block Diagram of 16-Bit Free-RuNNing TiMer ........cccoovveirinineincneseeseee
Input Capture Buffering (EXample).........cocovirenenineeseeesese e
Increment Timing with Internal Clock SOUMCe..........ccvvveirineieseeeeee
Increment Timing with External Clock SOUrCe.........ccvvveeeeveesevese e
Timing of Output Compare A OULPUL .......ccceevererereeieriesie e e see e eaesee e enens
Clearing of FRC by Compare-MatCh A........coceeieieieciseceerese e eeeeeie s
Input Capture Signal Timing (Usual CaSe).........ccvireerenienieinenesieesie e
Input Capture Signal Timing

(Input Capture Input When ICRA/B/CID ISRead).......ccceovrenieinineenesieeene
Buffered Input Capture Timing (Usual Case)........cccveeeveresesresieeseeseeseesesneens
Buffered Input Capture Timing

(Input Capture Input When ICRA or ICRC IsRead) .......ccccocevvvveveieseneenene
Setting of Input Capture Flag (ICFA tO ICFD).....ccooeveiiiceiereeeeeveeeeieseee
Setting of Output Compare Flag (OCFA, OCFB) .......cccoiveireneereeeeseeeiene
Setting of Overflow Flag (OVF).....cooociiircneeese e
OCRA Automatic Addition TIMING .....cccceveeeeeierereseeeseeeeseese e e sese e
Input Capture Mask Signal Setting TimiNg ......ccccoovvveerieeiereresie e reeee e
Input Capture Mask Signal Clearing TiminNg........cccoeeeeevevenienieeveeneseseseeseeens
Pulse OULPUL (EXAMPIE) .....oveeiieieeiiieerieeet et
FRC Write-Clear CONtENtiON.........cccoiiiireeieie et
FRC Write-Increment CONtENtioN ..........cocoieeeereeiienene e
Contention between OCR Write and Compare-Match

(When Automatic Addition Function IsNot Used)........ccccccevievvveveneceeseenene,
Contention between OCRAR/OCRAF Write and Compare-Match

(When Automatic Addition Function 1ISUSed) .........cccovevireneienenniene e

Section 12 8-Bit Timers

Figure 12.1
Figure 12.2
Figure 12.3
Figure12.4
Figure 12.5
Figure 12.6
Figure 12.7
Figure 12.8
Figure 12.9

Block Diagram of 8-Bit Timer Module..........c.ccveveveieie e
Count Timing for Internal ClOCK INPUL.........ccocveieiiniceee e
Count Timing for External ClOCK INPUL...........ccocieiiiireciese e
Timing Of CME SELNG .....ccvviviieiiiiieeierieeee e
Timing Of TIMEr OULPUL .......ccceuirtiieieriirieeeee et
Timing of Compare-MatCh ClIEAN ........cccueviiriieerieere s
Timing of Clearing by External ReSet INPUL...........ccooveeeveerese s
Timing Of OV SEtiNG.....cccveeevieresiesese e sesseese st se e e st eeneas
Timing of Input Capture OPEration.........ccccceveveeerieeiesese e see e ereas

Rev. 4.00 Jun 06, 2006 page xxxviii of liv

RENESAS



Figure 12.10

Figure 12.11
Figure 12.12
Figure 12.13
Figure 12.14
Figure 12.15

Timing of Input Capture Signal (When Input Capture Input Signal Enters

while TICRR and TICRF Are Being Read).........cccceovvvnerenecine e
Switching of Input Capture SIgNal .........ccceceeeeieiene e
Pulse OULPUL (EXBMPIE) ...ecveieeereeeeiesie e sie st siee e eaesee et ne e e sresresneaneas
Contention between TCNT Write and Clear .........coeovvereieneneeneneese e
Contention between TCNT Write and INCrement..........ccvevereneneneneneneneennee
Contention between TCOR Write and Compare-Match...........cccoooevvinennnnnen.

Section 13 Timer Connection [H85/2138 Group]

Figure 13.1
Figure 13.2
Figure 13.3
Figure 13.4
Figure 13.5

Figure 13.6
Figure 13.7
Figure 13.8
Figure 13.9

Block Diagram of Timer Connection FaCility .......cccccevveveevevevcenieve e,
Timing Chart for PWM DeCOING........coveviirieieiirieeeiisieeeieseeeee s
Timing Chart for Clamp Waveform Generation (CL1 and CL2 Signals) .........
Timing Chart for Clamp Waveform Generation (CL3 Signal).......ccccecevvereeeene.
Timing Chart for Measurement of 1VI Signal and IHI Signal Divided

WaVEfOrM PEIOUS. ..o
2fH Modification Timing Chart ........cccccceeieieiisie e
Fall Modification/IHI Synchronization Timing Chart...........ccccceeveininennenn.
IVG Signal/IHG Signal/CL4 Signal Timing Chart...........cccovveerineinineenne
CBLANK Output Waveform Generation...........coeceeerenenenenesenieese e

Section 14 Watchdog Timer (WDT)

Figure 14.1 (a) Block Diagram of WDTO ......ccccceeerierere e e eeeseeste st st se e see e s eneenes
Figure 14.1 (b) Block Diagram oOf WDTL ........ccovirieiriieirienieiesiesie st
Figure 14.2 Format of Data Written to TCNT and TCSR (Example of WDTO) ..................
Figure 14.3 Operation in Watchdog Timer MOdE..........ccovveiiireenereese e
Figure 14.4 Operationin Interval TiMer MOGE.........cccovveeeieeieie e e
Figure 14.5 Timing Of OV SEtiNG.....ccveeeieeresesese e eeesee et ae e st neeneas
Figure 14.6 Contention between TCNT Write and INCrement..........ccoceeveevevesesesesceeinennens
Section 15 Serial Communication Interface (SCI, I[rDA)
Figure 15.1 Block Diagram Of SCl ........ccciiiriiiiirenresese s
Figure 15.2 Data Format in Asynchronous Communication

(Example with 8-Bit Data, Parity, TWO StOP BitS) .....cccevvvvrerrrireseceereeeens
Figure 15.3 Relation between Output Clock and Transfer Data Phase

(ASYNCIroNOUS MOTE) ........oveuiieiiieieit ettt
Figure 15.4 Sample SCI Initialization FIOWChart ...........ccccoeieineinincee e
Figure 15.5 Sample Seria Transmission FlOwchart ...
Figure 15.6 Example of Operation in Transmission in Asynchronous Mode

(Example with 8-Bit Data, Parity, One Stop Bit) ......ccccceeeeveereverinvesesese e
Figure 15.7 Sample Serial Reception Data Flowchart ...........ccovveievevine s

Rev. 4.00 Jun 06, 2006 page xxxix of liv

RENESAS



Figure 15.8
Figure 15.9

Figure 15.10
Figure 15.11

Figure 15.12
Figure 15.13

Figure 15.14
Figure 15.15
Figure 15.16
Figure 15.17
Figure 15.18
Figure 15.19
Figure 15.20
Figure 15.21
Figure 15.22
Figure 15.23
Figure 15.24

Example of SCI Operation in Reception

(Example with 8-Bit Data, Parity, One Stop Bit) ......ccccceveeveveverieve e 429
Example of Inter-Processor Communication Using Multiprocessor Format
(Transmission of Data H'AA to Receiving Station A) .....cccceeevevevceeeeviesenniens 431
Sample Multiprocessor Serial Transmission Flowchart ... 432
Example of SCI Operation in Transmission

(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)........cc.ccceerienee. 434
Sample Multiprocessor Serial Reception Flowchart...........ccooovveveevccicvccennns 435
Example of SCI Operation in Reception

(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)........cccccevveeeneee. 437
Data Format in Synchronous CommuUNiCatioN..........cccoureererenerenienieeseesieenns 438
Sample SCI Initialization FIOWChart ............ccceiriiiiniinenceeeeeee e 440
Sample Serial Transmission FloOwchart ... 441
Example of SCI Operation in TranSmMiSSiON........ccccvvvereeeeeeseesieseeseseseesseeens 443
Sample Serial Reception FIOWChart...........cccoevveiivececccscse e 444
Example of SCI Operation in RECEPLION .......ccvevveieieeire e 445
Sample Flowchart of Simultaneous Serial Transmit and Receive Operations... 446
Block Diagram of IFDA FUNCLION..........cciiriiririeieeseeese e 47
[TDA Transmit/ReCEiVE OPErationS.........covreruereeerierieesieneeesiesee e 448
Receive Data Sampling Timing in Asynchronous Mode ..........cccceeevvvseveennene. 453
Example of Synchronous Transmission by DTC ........ccccoecevivveniviecieresesennns 454

Section 16 1°C Bus Interface [H85/2138 Group Option]

Figure 16.1
Figure 16.2
Figure 16.3
Figure 16.4
Figure 16.5
Figure 16.6
Figure 16.7

Figure 16.8 (a)

Figure 16.8 (b)

Figure 16.9

Figure 16.10
Figure 16.11
Figure 16.12
Figure 16.13
Figure 16.14
Figure 16.15

Block Diagram of 1C BUS INLEITACE............cc.cevevreerecieiere et 457
I’C Bus I nterface Connections (Example: H8S/2138 Group Chip as Master)... 458
I°C Bus Data Formats (1°C BUS FOIMELS)...........cccvveeeurrreeseeceseessesessssesenenenens 485
FOMMEEIESS......eeiicte bbb 486
I°C Bus Data Format (Serial FOIMEL) ..........cccvveeeeereereeireeseesesessessessessesssesesens 486
IZC BUS TIMING c..vovviieeieceeseeseeste st ss s es s ssessnes 486
Example of Master Transmit Mode Operation Timing (MLS = WAIT =0)..... 489
Example of Master Receive Mode Operation Timing

(MLS=ACKB = 0, WAIT = 1) ot eeeeeie e se e 491
Example of Master Receive Mode Operation Timing

(MLS=ACKB = 0, WAIT = 1) (CONL).uvvrvereeerererereeereeeseeseseseeeseseseesseseseseseees 491

Example of Slave Receive Mode Operation Timing (1) (MLS=ACKB =0) .. 493
Example of Slave Receive Mode Operation Timing (2) (MLS=ACKB =0).. 494

Example of Slave Transmit Mode Operation Timing (MLS=0).........ccccccene.e. 496
IRIC Setting Timing and SCL CONrol ........cccovveeeeieiere e s eeeeeseeseese e 497
Block Diagram of NOISE CanCEIEN .........ccceverereeieiesese e 500
Flowchart for Master Transmit Mode (EXample) ........ccccvvvvereeeeieesiesesesennens 501
Flowchart for Master Receive Mode (EXample) ........cccoeevineininenncsce 502

Rev. 4.00 Jun 06, 2006 page xl of liv

RENESAS



Figure16.16  Flowchart for Slave Receive Mode (EXample)..........ccovireiiineinenecniieens 503

Figure 16.17  Flowchart for Slave Transmit Mode (EXamMple) .......cccccvvvverenerieeienese e 504
Figure 16.18  Pointsfor Attention Concerning Reading of Master Receive Data................... 511
Figure 16.19  Flowchart and Timing of Start Condition Instruction Issuance

fOr RELFANSMISSION......cueiieieiesieeee ettt 512
Figure16.20  Timing of Stop Condition ISSUBNCE............coeririeeririeieesieee s 513
Figure16.21 IRIC Flag Clear Timing on WAIT OPeration .........cccccevereeereneienereneneseeeeees 514
Figure 16.22 ICDR Read and ICCR Access Timing in Slave Transmit Mode...........c........... 515
Figure 16.23 TRSBIt Setting Timing in Slave MOde..........cccovvviviiecesce e 516
Figure 16.24  Diagram of Erroneous Operation when Arbitration isLoSt.........ccccoevvvvrvennnne. 517
Figure16.25 Note on Interrupt Occurrence in Slave Mode after ACKB = 1 Reception......... 519
Figure16.26  Notes on ICDR Reading with TRS = 1 Setting in Master Mode............cc.c...... 521
Figure16.27  Noteson ICDR Writing with TRS = 0 Setting in Slave Mode............cccveneee. 521

Section 17 Host Interface [H85/2138 Group]

Figure17.1 Block Diagram of HOSt INtErfaCe........cccvveveeiereie e 524
Figure 17.2 GA20 OULPUL .....eeevieeeieee sttt sr e sr e r e e 538
Figure 17.3 HIRQ OULPUL FIOWCNAIT ..o 542

Section 18 D/A Converter
Figure 18.1 Block Diagram of D/A CONVEIEN ........cceeieeiererereseceeseese e see e e e 544
Figure 18.2 D/A Conversion (EXamPIE) .......ccvveiererieeieeseseseseeeeseenieseesseseeseeseeses e seesnas 549

Section 19 A/D Converter

Figure 19.1 Block Diagram Of A/D CONVEITEN..........cceeririeieeireieesieie e 552
Figure 19.2 ADDR Access Operation (Reading H'AAQ) .......ccccovvveeeeieeiese e 561
Figure 19.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected) ...... 563
Figure 19.4 Example of A/D Converter Operation (Scan Mode, Channels ANO to AN2

s = v (o ) SRR 565
Figure 19.5 A/D CONVErSION TIMING ....eiveeeieeiriiieesiesees et 566
Figure 19.6 External Trigger INPUE TIMING ...c.coooieiiinieeseeese e 567
Figure 19.7 Example of Analog Input Protection CirCUit.........ccocvevvieeveeresenie s seceee e, 569
Figure 19.8 Analog Input Pin Equivalent CirCUit .........c.cooveieievese e 569
Figure 19.9 A/D Conversion Precision Definitions (1)......ccccceveveneneeeeieesieseseseseeeeseeens 571
Figure19.10  A/D Conversion Precision DefinitionS (2).......ccceovvereeierineieneneeneseeseeseeeeees 571
Figure19.11  Example of ANalog INPUE CIFCUIT .........eoveiriirieininieeereeeeeseee s 572

Section 20 RAM
Figure 20.1 Block Diagram of RAM (H85/2138, H8S/2134, H8S/2133) ......ccoveverveinennns 573

Rev. 4.00 Jun 06, 2006 page xli of liv

RENESAS



Section 21 ROM (Mask ROM Version, H8S/2138 F-ZTAT, H8S/2134 F-ZTAT,

Figure 21.1
Figure 21.2
Figure21.3
Figure21.4
Figure21.5
Figure 21.6
Figure 21.7
Figure 21.8
Figure 21.9
Figure 21.10
Figure21.11
Figure 21.12
Figure 21.13
Figure 21.14
Figure 21.15
Figure 21.16
Figure 21.17

Figure 21.18
Figure 21.19
Figure 21.20
Figure21.21
Figure 21.22
Figure 21.23

and H85/2132 F-ZTAT)

ROM Block Diagram (H8S/2138, H8S/2134)........cccuveririnieneesenie e 577
Block Diagram of Flash MEMOIY ........cccceeeieienine e 581
Flash Memory Mode TranSitions...........ccvereerenenieeneeeseseese e 582
20701001/ oo L= ST RR 583
User Program Mode (EXaMPIE) ........cuiireirerieinenieese s 584
Flash Memory Block Configuration............ccccvveeeeieerenesesieseseeseeseseesee e e 585
System Configuration in Boot MOdE..........cccceevreeeenenc e 594
Boot Mode EXECUtioN ProCeAUIE...........cccvuireirinieirisieee e 595
RxD1 Input Signal When Using Automatic SCI Bit Rate Adjustment ............. 596
RAM Areasin BOOt MOGE.........ccceiiiiiiniiie e e 597
User Program Mode Execution Procedure...........coccvevennenenesesenese e 599
Program/Program-Verify Flowchart............cccoevviieivcinieseccccese v 602
Erase/Erase-Verify Flowchart (Single-Block Erase) .......ccccceveveevvvvveseseennene 604
Flash Memory State TranSitioNS.........cccveveveresesieseeeeseeseseese e sres e seeaeseeneas 607
Memory Map in Programmer MOGE...........cceoiirenineeeneeese e 610
Memory Read Mode Timing Waveforms after Command Write............cc........ 612
Timing Waveforms When Entering Another Mode from Memory

REBA MOTE ..ottt 613
Timing Waveforms for CE/OE Enable State Read............ccccvvvvevveeerveereeerenenns 614
Timing Waveforms for CE/OE Clocked RE&d ...........c.ccvvveireeeereseeeeriseeseneeas 614
Auto-Program Mode Timing Waveforms..........cocoeevireenineiseneeeeseeeees 616
Auto-Erase Mode Timing WaVefOrms .........cccovvieeninieeneneeseseeesesieeeeees 617
Status Read Mode Timing Waveforms..........ccoeevereeneneene e 619
Oscillation Stabilization Time, Programmer Mode Setup Time,

and Power Supply Fall SEQUENCE .......cccccv et 620

Section 22 ROM (H8S/2138 F-ZTAT A-Mask Version, H8S/2134 F-ZTAT A-Mask

Figure22.1
Figure 22.2
Figure 22.3
Figure 22.4
Figure 22.5
Figure 22.6
Figure 22.7
Figure 22.8
Figure 22.9
Figure 22.10
Figure22.11

Version)
ROM BIOCK DI@Qram.....c.couerueuiriirieieiinieieiesiesieesie e 623
Block Diagram of Flash MEeMOIY ........ccccceeieievine e 627
Flash Memory Mode TranSitioNS...........ccceieeeereereseseseseeeeseesieseese e sseseeneas 628
27070881V [T L= OSSPSR 629
User Program Mode (EXAMPIE) ........cuiireiierieenie et 630
Flash Memory Block Configuration..............cceveeeeerinieeneneeneseeeseseeese s 631
System Configuration in BOOt MOGE............cccoeirineieneneese e 640
Boot Mode EXECULiON ProCeAUIE...........ccuvirieirenieirisiee s 641
Automatic SCI Bit Rate AQJUSIMENT ......ccecerecieeerere e e 642
RAM Areasin BOOt MOGE.........ccoeiiirieirineisesiee e 643
User Program Mode Execution ProCedure............coccverenneneneseneneee e 645

Rev. 4.00 Jun 06, 2006 page xlii of liv

RENESAS



Figure 22.12
Figure 22.13
Figure 22.14
Figure 22.15
Figure 22.16
Figure 22.17

Figure 22.18
Figure 22.19
Figure 22.20
Figure 22.21
Figure 22.22
Figure 22.23

Section 23
Figure 23.1
Figure 23.2
Figure 23.3
Figure 23.4
Figure 23.5
Figure 23.6
Figure 23.7
Figure 23.8

Section 24
Figure 24.1
Figure 24.2
Figure 24.3
Figure24.4

Section 25
Figure 25.1
Figure 25.2
Figure 25.3

Figure 25.4
Figure 25.5
Figure 25.6
Figure 25.7
Figure 25.8

Program/Program-V erify Flowchart
Erase/Erase-Verify Flowchart (Single-Block Erase)
Flash Memory State TranSitioNS.........cccveveiereneseseeeeseesesees e sres e seeaeseenees
Memory Map in Programmer MOdE...........cccovreeieneseneseeeesees e
Memory Read Mode Timing Waveforms after Command Write............cc........
Timing Waveforms when Entering Another Mode from Memory

Read Mode
Timing Waveforms for CE/OE Enable State Read............cccovvvevvveeveneseeerenenns
Timing Waveforms for CE/OE Clocked Read
Auto-Program Mode Timing Waveforms.
Auto-Erase Mode Timing Waveforms
Status Read Mode Timing Waveforms..........ccoeevereeneneieneseeseseeseseeseeiens
Oscillation Stabilization Time, Programmer Mode Setup Time,

and Power Supply Fall Sequence

Clock Pulse Generator
Block Diagram of Clock Pulse Generator
Connection of Crystal Resonator (Example)
Crystal Resonator Equivalent Circuit
Example of Incorrect Board Design
External Clock Input (Examples)
External Clock Input Timing
External Clock Output Settling Delay Timing
Subclock Input Timing

Power-Down State
MOAE TraNSILIONS. ..ottt
Medium-Speed Mode Transition and Clearance Timing........ccccoevvvevreeecvereenne.
Software Standby Mode Application Example
Hardware Standby Mode Timing

Electrical Characteristics

Darlington Pair Drive Circuit (Example)
LED Drive Circuit (Example)
Connection of Externa Capacitor (Mask ROM Type Incorporating

Step-Down Circuit and Product Not Incorporating Step-Down Circuit)
Output Load Circuit
System Clock Timing
Oscillation Settling Timing
Oscillation Setting Timing (Exiting Software Standby Mode)
Reset Input Timing

Rev. 4.00 Jun 06, 2006 page xliii of liv

RENESAS



Figure 25.9

Figure 25.10
Figure 25.11
Figure 25.12
Figure 25.13
Figure 25.14
Figure 25.15
Figure 25.16
Figure 25.17
Figure 25.18
Figure 25.19
Figure 25.20
Figure 25.21
Figure 25.22
Figure 25.23
Figure 25.24
Figure 25.25
Figure 25.26

Appendix A
Figure A.1

INtErTUPL INPUE TIMING ...ceeivieeeeieeeeeeee e e 802
Basic BUS Timing (TWO-Stat€ ACCESS) .....ccevveruerereerieriesresieeseeseessessessessesesssenes 803
Basic Bus Timing (Three-State ACCESS) .....ccovevverereerieresresieeieeseeseeseseessesesneenes 804
Basic Bus Timing (Three-State Access with One Wait State).........cccveveeenee. 805
Burst ROM Access Timing (TWO-State ACCESS) ......coerereriererenieneriesiesesie e 806
Burst ROM Access Timing (ONne-State ACCESS).......coueererieerierieesiesieesieseeeens 807
[/O Port INPUL/OULPUL TIMING.....cveeeeereieeeereeieieseeeeiese e seees 807
FRT INpUt/OULPUL TIMING ..veieeeeeeeeiesiece e seeeeaesees e e see e sresresnesneas 808
FRT Clock INPUL TIMING .cvveeeieiesese e s s s nes 808
8-Bit Timer OULPUL TIMING ...cceeeerierieresiereeeeeseesesre e seeee e see e sre e sseesaeneens 808
8-Bit Timer Clock INPUE TiMING ....ccoerieiiireeneseeeee e 809
8-Bit Timer Reset INPUE TiMiNG ....ccvorveerereeeesiereeese e 809
PWM, PWMX OULPUE TIMING ...evieeeiriiieiesiesieesiesieeses e 809
SCK Clock INPUL TIMING....c.eeierierieieeisieese et seesre e sre e seeeesresresseesaeseens 809
SCI Input/Output Timing (Synchronous Mode) .........c.ceeeevevenenieeseseseseenens 810
A/D Converter External Trigger Input Timing........cceeeeverenesenieeieseseseseeens 810
Host Interface TiMiNg........ooeeririieeesee e 811
I”C Bus Interface Input/Output Timing (OPtion) .........cc.cccueeueveceercererceereeens 812

Instruction Set

Address Bus, RD and WR Timing (8-Bit Bus, Three-State Access,
NO W SEBES) e reeveveeeeeeeeeseesses e eeeeeeseseseeseeseseesess s eeeeeessssssenesensseeseeseeee 863

Appendix C 1/O Port Block Diagrams

FigureC.1
Figure C.2
Figure C.3
Figure C.4
Figure C.5
Figure C.6
Figure C.7
Figure C.8
Figure C.9
Figure C.10
Figure C.11
Figure C.12
Figure C.13
Figure C.14
Figure C.15
Figure C.16
Figure C.17

POrt 1 BIOCK DiQramM......ccueiveeiiiiieiiniinieiest ettt 965
Port 2 Block Diagram (Pins P20 t0 P23) .......cccooviivecireceeeeses e 966
Port 2 Block Diagram (PinS P24 10 P26) ........ccccceieveievieeeeceeseese e 967
Port 2 Block Diagram (PiN P27) .......cccuceieieeeeeeesese e sees e s sre e aneas 968
POrt 3 BIOCK DIi8QraM......coveveuiiiiieiisiinieist ettt 969
Port 4 Block Diagram (Pin PA0)..........ccccuireinineininieeeeseese e 970
Port 4 Block Diagram (Pin PAL) ........ccocoiiieinineneeeeseeee s 971
Port 4 Block Diagram (PiN PA2) ... eeeaesee e s ste e aneas 972
Port 4 Block Diagram (PiN PA3).......cccceieieeeeeeie s see e s sae e aneas 973
Port 4 Block Diagram (PiN PA4) .......cceceeeeeeesese e sees e e 974
Port 4 Block Diagram (Pin PAS) .........cceoiiiiienieeneeesee e 975
Port 4 Block Diagram (PiNS PAB, PAT) .......cccccvireiniiene s 976
Port 5 Block Diagram (Pin P50).........ccccriiiieinieeneeeseseese e 977
Port 5 Block Diagram (Pin P5L) ......ccccvviierieeeree e sees e s 978
Port 5 Block Diagram (Pin P52).......ccccciieiieeiereresesese e seese e te e sneeeeneas 979
Port 6 Block Diagram (Pins P60, P62, P63, PE5)........ccccccovvvreeieeneeieseseseeanens 980
Port 6 Block Diagram (Pin PBL).........cccecriiirieiriieenieieesesees e 981

Rev. 4.00 Jun 06, 2006 page xliv of liv

RENESAS



Figure C.18
Figure C.19
Figure C.20
Figure C.21
Figure C.22
Figure C.23
FigureC.24
Figure C.25
Figure C.26
Figure C.27
Figure C.28
Figure C.29
Figure C.30
Figure C.31
Figure C.32
Figure C.33

Port 6 Block Diagram (Pin PB4).........cccuoeiiireinineeesee e 982
Port 6 Block Diagram (Pin PB6).........cccueieeieriereneseeeeieesieseese e sseseeseeseseeneas 983
Port 6 Block Diagram (PiN PB7) ......ccccecveeeiere e eeesee e eae e 984
Port 7 Block Diagram (PinS P70 10 P75) .....ccccvviiieeeeieee e 985
Port 7 Block Diagram (PiNS P76, P77) ..o 985
Port 8 Block Diagram (Pin P80).........ccuiueiririeinineieesiee et 986
Port 8 Block Diagram (Pin P8L)........ccccuiueiririeinireieesieeee et 987
Port 8 Block Diagram (PinS P82, P83) ........ccccceviieveeereeesese e esae e 988
Port 8 Block Diagram (Pin P84).......ccccceveeieie e eeseesiesee e seeae e 989
Port 8 Block Diagram (Pin P85).......cccccvieeieiesise e seseesesee e se e seeae e e 990
Port 8 Block Diagram (Pin P8B).........ccucueeririeirineieesiee e 991
Port 9 Block Diagram (Pin PO0).........cccuoeirinieienineieesieie e 992
Port 9 Block Diagram (PinS P91, PO2) ........cccceiineininierseeese e 993
Port 9 Block Diagram (PinS P93 10 PO5) .......ccccvviiieeeieee e 994
Port 9 Block Diagram (Pin POB).......c.cccueieeiererese e eesieesieseesesie s e sesaeseeneas 995
Port 9 Block Diagram (PiN PO7) ......ccceeieieeiere e e e s 996

Appendix E Timing of Transition to and Recovery from Hardwar e Standby Mode

FigureE.1
Figure E.2

Timing of Transition to Hardware Standby Mode.............ccccviiiniiincncenee. 999
Timing of Recovery from Hardware Standby Mode.........cccccoeveveveice v ceneenen, 999

Appendix G Package Dimensions

Figure G.1
Figure G.2

Package Dimensions (FP-80A) .......cccciiireiiineise s 1002
Package Dimensions (TFP-80C) ........cccouriirerinieirinieese e 1003

Rev. 4.00 Jun 06, 2006 page xlv of liv

RENESAS



Section 1
Table1.1
Table 1.2
Table 1.3
Table1.4

Section 2
Table2.1
Table 2.2
Table2.3
Table2.4
Table2.5
Table 2.6
Table 2.7

Section 3
Table3.1
Table 3.2
Table 3.3

Section 4
Table 4.1
Table 4.2
Table4.3

Section 5
Table5.1
Table5.2
Table5.3
Table5.4
Table5.5
Table 5.6
Table 5.7
Table 5.8
Table 5.9
Table5.10

Tables

Overview
(O oV RSP 2
H8S5/2138 Group Pin Functions in Each Operating Mode...........ccccoveveveivceeeenen, 11
H8S5/2134 Group Pin Functions in Each Operating Mode............cccoveveveirceneenen, 15
PN FUNCLIONS......coiciiiieiee et st sttt sttt st 18

CPU
INSLrUCtion ClasSifiCatiON.......c.ooeieeee e 42
Combinations of Instructions and Addressing Modes...........cccvvvvieveeeeieciesesenne 43
Instructions Classified by FUNCLION.........cccooi i 45
AdAressiNg MOGES.........cceiviieeieieses et sttt resre e ne e e es 55
Absolute Address ACCESS RANJES .........ciueeririeiritrieiee et 56
Effective Address CalCUlation............occeveieiineneneee e 59
Exception Handling Types and Priority ... 64

MCU Operating Modes

MCU Operating Mode SEIECHION........cccceieiiserecee e 71
MCU REGISIEIS. ...ttt sttt bbbt s b e b 72
Pin FUNCtionSiN EACh MOOE ........c.oooiiiieececeee et 79

Exception Handling

EXception TYPES aNd Priority .....ccceveeeeecesese e see s 91
EXCEPtion VECIOr TabI€......coeiieiiciece et s 93
Status of CCR and EXR after Trap Instruction Exception Handling ............c........ 98

Interrupt Controller

Interrupt CoNtroller PiNS........ccvcieeeieie s st 102
Interrupt Controller REQISLEIS.......cvcveierere s e st eenes 103
Correspondence between Interrupt Sources and ICR SettingsS.........cccocevveeveeeennne. 105
Interrupt Sources, Vector Addresses, and Interrupt Priorities............ccocccceveeenns 116
Interrupt CONtrol MOGES. .......coeiieiiiieeee e 121
Interrupts Selected in Each Interrupt Control Mode ..........ooevveieneneneneneeceee 123
Operations and Control Signal Functionsin Each Interrupt Control Mode............ 123
INterrupt RESPONSE TIMES.....ccuveeiieciecieseeeee st e e st ne e e nneeas 131
Number of Statesin Interrupt Handling Routine EXeCution ...........ccccceceveveinnnnne 131
Interrupt Source Selection and Clearing Control ...........cccooeveveinenciencncencneee 135

Rev. 4.00 Jun 06, 2006 page xlvi of liv

RENESAS



Section 6
Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 6.6

Section 7
Table 7.1
Table7.2
Table7.3
Table7.4
Table7.5
Table 7.6
Table7.7
Table7.8
Table7.9

Section 8
Table 8.1
Table 8.2
Table 8.3
Table 8.4
Table 8.5
Table 8.6
Table 8.7
Table 8.8
Table 8.9
Table 8.10
Table8.11
Table 8.12
Table 8.13
Table 8.14
Table 8.15
Table 8.16
Table 8.17
Table 8.18
Table 8.19
Table 8.20

Bus Controller
BUS CONFOHEN PINS ....viiiiiiiiieeeeie ettt sttt sttt be b neene s 139
BUS CONtroll€r REQISLEIS ....c.veiveiieciecieceieseese sttt eneenen 139
Bus Specifications for Each Area (Basic Bus Interface) ........cccoceevevevvvvvveceeneenn, 144
I0S Signal Output RaNGE SELtINGS..........c..cveeerieereeieseeeee s sesses e, 145
Data Buses Used and Valid SEIrODES.........coviiienieiee e 148
Pin StAteSin [dI@ CYCI ...t 156

Data Transfer Controller [H85/2138 Group]

DT C REGISIES. . oiiiie ettt e ettt e st et st s e e e e e e seesbesrestesseesaenseeeneeseens 161
D WO U ot o] TSRS 170
Activation Sources and DTCER CleaIiNg........ccooereirircieneneeneseeee e 171
Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs................ 174
Register Information in Normal MOdE..........cccvviveeieieie e 176
Register Information in Repeat MOGE..........cccovvvereeierese e 177
Register Information in Block Transfer Mode..........ccecevevceveneneccevcne e 178
DTC EXECULION PhaSES.......ccuiiiiiiirieeieeie et sttt st s ne s 182
Number of States Required for Each Execution Phase ...........cccccoeivenncicneieen, 183
I/O Ports
HB8S/2138 Group Port FUNCHIONS..........ccoeiieieieeie ettt 190
HB8S/2134 Group Port FUNCHIONS.........cccceiieieieee et see s 193
PO L REJISIEIS .....coveieeieete ettt ettt bbb et 197
MOS Input Pull-Up States (POIt L) ......ccvereeirieeeieseneee e 201
PO 2 REJISIEIS ...ttt et 203
MOS Input PUll-Up StateS (POt 2) ......ccceveeeeeeeeiesiesiesieseseeseeseseeseseeaessesee e snens 207
O T B L= [ = £ TSRS 209
MOS Input PUll-Up StateS (POt 3) ....c.cceveeeeerieeiesieseseseeeeseesieseesreseesaeseesee e snens 212
PO 4 REJISLEIS ...ttt et et et b e 213
POt 4 Pin FUNCHIONS.......coiiieiisienie ettt st et eaeas 215
PO 5 REGISIEIS .....cve ettt ettt b e e 218
POt 5 PiN FUNCLIONS ..ottt st st 220
POt 6 REJISLEIS ...c.eveceecteeeee ettt e et s e e e et e besresresneenaeeeeeseennens 222
POt 6 PiN FUNCLIONS.......cviiiieiisie ettt s st 225
MOS Input Pull-Up States (POt 6) .......cceoeerierieiirieneee et 227
PO 7 REGISLEIS ...ttt e et st s 228
PO 8 REJISIEIS .....ccveeeeeeerteeet ettt ettt sr e 230
POt 8 PIN FUNCLIONS ..ottt s st 232
POI O REJISIEIS ..c.viveciecteeeee ettt e e e et e e et e besresresseenaeeeneeneeseens 235
POt O PiN FUNCLIONS ..ottt st st 237

Rev. 4.00 Jun 06, 2006 page xlvii of liv

RENESAS



Section 9 8-Bit PWM Timers[H8S/2138 Group]

Table9.1
Table 9.2
Table 9.3

Table 9.4
Table 9.5

Section 10
Table 10.1
Table 10.2
Table 10.3
Table 10.4

Section 11
Table11.1
Table 11.2
Table 11.3
Table11.4
Table11.5

Section 12
Table12.1
Table12.2
Table12.3
Table12.4
Table12.5
Table 12.6
Table12.7
Table 12.8

Section 13
Table13.1
Table 13.2
Table 13.3
Table 13.4
Table 135
Table 13.6
Table 13.7
Table 13.8

Pin CONfIQUIBEION .....oiueciieeeeesie et e e e st e e s re e e enaesrenresnenneas 243
PWM Timer Module REQISLEIS ......ccecveveeeeesecse e eese e sttt enes 243
Resolution, PWM Conversion Period, and Carrier Freguency

WHEN Q= 20 MHZ.....oniie s 245
Duty Cycle of BaSIC PUISE. ..ottt 251
Position of Pulses Added to BasiC PUISES..........cccoeerieiine i 252

14-Bit PWM D/A

INPUt aNd OULPUL PINS........cciiiieeieie e st e et s sne e 255
Register CONfiQUIALION ........cccoirieeeirieeee ettt 255
Read and Write Access Methods for 16-Bit RegiSters.........coovveveeiencencnicieenens 263
Settings and Operation (Exampleswhen @ =10 MHZ) ..........ccoceoviniininiincnnne 266

16-Bit Free-Running Timer

Input and Output Pins of Free-Running Timer Module.........ccccoovieeceeinvieceseennn, 271
Register CONfiQUIALION ........cccoiiieieiiriee ettt 272
Buffered Input Capture Edge Selection (EXample) .........ccoeovrereininencienenicneens 275
Free-RUNNing Timer INEEITUPES .....oveueiiiieeeeesereeese et 296
Switching of Internal Clock and FRC Operation .........c.cceeeveeeeveeresesesesreseeeens 302

8-Bit Timers

8-Bit Timer Input and OULPUL PINS.........ooiiririiinirieieereeeeseeseseeese s 307
8-Bil TIMEr REJISIENS......e ettt 308
Input Capture SiIgNal SEIECHION.......c..cviirieeere e 332
TMRO and TMRL1 8-Bit Timer Interrupt SOUrCES .......cccccvveverereeeeiereesesee e 333
TMRX 8-Bit Timer INEITUPt SOUICE ......ccvevverieieerierieeeereese et 333
TMRY 8-Bit Timer INLErTUPt SOUICES.....cceveiieieeriereeeereesesee e se e see e see e e 333
Timer OULPUL PrIOMTIES ...ttt 338
Switching of Internal Clock and TCNT OpPeration ..........ccoeeerererereneneesesieenns 339

Timer Connection [H852138 Group]

Timer Connection Input and OULPUL PiNS.........cccceieveiieviseneeeeseses e eseeeeneens 343
(R e [1S (= @ @XeTq T 1U =i o) [ S 344
EXamples Of TCR SEliNGS .....c.ceerveeeririeeeerieneeie ettt sr e sre e 356
Examples of TCORB (Pulse Width Threshold) Settings.........c.ocveevrereinereiennens 356
Examples of TCR and TCSR SEttiNgS........coereerererieerenieesieneeesie s 359
Examples of TCR, TCSR, TCOR, and OCRDM Settings.........ccocverererrererereennennas 361
Examples of TCORB, TCR, and TCSR SEttingS ......cccocvvvvvnereeieeneseseseeeeseeens 363
Examples of OCRAR, OCRAF, TOCR, TCORA, TCORB, TCR,

AN TCSR SEINGS ... v euveveeiieieriee ettt 365

Rev. 4.00 Jun 06, 2006 page xlviii of liv

RENESAS



Table13.9 Meaning of HSYNCO Output in EaCh MOdE...........cccoeiiiiiiiieireeeeneseeesieneeies 367
Table 13.10 Meaning of VSYNCO Output in Each MOdE........ccccccevvveveeirierese e 368

Section 14 Watchdog Timer (WDT)
TADIE LA L WDT PN oottt bttt b e et b e 374
Tahle14.2  WDT REGISIEIS. . .ceitiieieetiieeeete ettt ettt sn e b b 374

Section 15 Serial Communication Interface (SCI, IrDA)

TADIE 15,1 SCl PiNS....iiiieiiiierieiesie ettt sttt sttt st sttt sttt st st st st e st e e nbe e 390
Table 15.2  SCI REQISIEIS. ...cueiueeueeeeeeriestes e sestes e eeesaesaes e srestesseese e e eseeeseestesrestesseensensensensesenns 391
Table15.3 BRR Settings for Various Bit Rates (Asynchronous Mode) ..........cccccveeeeneneenens 406
Table15.4 BRR Settings for Various Bit Rates (Synchronous Mode) ...........cceeveneceieneenens 409
Table155 Maximum Bit Rate for Each Frequency (Asynchronous Mode)...........c.ccceeeeennee. 411
Table15.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode).................. 412
Table15.7 Maximum Bit Rate with External Clock Input (Synchronous Mode) .................... 413
Table15.8 SMR Settings and Serial Transfer Format SElection..........cccevveveveceeeececceseennn, 418
Table15.9 SMR and SCR Settings and SCI Clock Source Selection..........coceveveveieeeenennne. 418
Table 15.10 Seria Transfer Formats (AsynchronouS MOdE) ..........cocerereenirieiesenieneeesieneenens 420
Table 15.11 Receive Errors and Conditions for OCCUITENCE..........cccovrerererieenienie e 429
Table 15.12 Bit IrCKS2t0 ITCK S0 SEttiNGS ....coveiveereieerieeciesiesese st sreseeae e see e sre e sneeseeneenees 449
Table 15.13 SCI INLENTUPL SOUMCES......ccveiteriertieteeieieestesestestessesseesaessessessessessessesssesssnsessessessessens 450
Table 15.14 State of SSR Status Flags and Transfer of Receive Data..........ccocevveeverecveeennn. 451

Section 16 1°C Bus Interface [H8S/2138 Group Option]

Table16.1  1°C BUSINLEITACE PINS.........covueveceeeeeeceseieiereseesesisss s sstessssessessesesssnsssssesanssnsanans 458
Table16.2 Register CoNfigUIation .........cccvieeeeieeiesese s e et se e eesre e sneeneas 459
Table16.3 Flagsand Transfer SEAES .......ccvevereririere e eee e se et sae e enes 474
Table16.4 1°C Bus Data FOrmat SYMDOIS..........c.ccueveererrieeetieereeessessesessessesessssessssssessesesssesens 487
Table16.5 Examplesof Operation USINgthe DTC.......ccciiiiieiniieene e 499
Table16.6 1°C Bus Timing (SCL and SDA OULPUL) .........ceuevrvrereceeesesessessessesseseessesseseesenes 507
Table16.7 Permissible SCL Rise Time (ty) VAUES.........ccocoiiiiiiiciiiciccee e 508
Table 16.8  1°C Bus Timing (with Maximum INfluence of to/ty).....ccoveerereireireiieeeiseiseens 509

Section 17 Host Interface [H85/2138 Group]

Table17.1 Host Interface INPUY/OULPUL PINS........c.ccviiieiiiieseeesereese e 525
Table17.2 Host INterface REQISIENS ......covciiieeeiite et 526
Table17.3 Set/Clear Timing for STRL FIAgS......cccoiieirireiierecesereeese e 532
Table17.4 Set/Clear Timing for STR2 FIagS......cccovveieierere s 535
Table17.5 Host Interface Channel Selection and Pin Operation ..........ccccceveveveveneseceeseennnn 536
Table17.6 Host Interface OPEration .........ccccvevereiieiisiie et sre e nneas 537
Table17.7 GA20 (P81) Set/ClIear TIMING.......vueererteuereririrerteeseseeesesiesesesessesesiesesessesesesessesens 538

Rev. 4.00 Jun 06, 2006 page xlix of liv

RENESAS



Table17.8 Fast A20 Gate OULPUL SINEAIS........ccvierieirierieieie et 539

Table17.9 Scope of HIF Pin Shutdown in Slave Mode.........ccccvevieieiiieseseceereese e 540
Table 17.10 Input BUffer FUll INEEITUPLS......cceiiieiececeee ettt s 541
Table 17.11 HIRQ Setting/Clearing CoNAitiONS..........cccvieeieereresie e seseeeeseesie e se e se e seees 541

Section 18 D/A Converter
Table18.1 Input and Output Pins of D/A Converter Module............cccociiiiciniiineee, 545
Table18.2 D/A CONVErter REJISLEIS.......cccviiierieeeeieseese e tese e saeste e sresreeeeaesrestesresreeneenen 545

Section 19 A/D Converter

Table19.1  A/D CONVETEr PINS........cooiiiiieiieieeieetesie sttt st e e e sbe e saeeneeneas 553
Table19.2  A/D CONVEEr REJISLEIS .....ceiuiiieiiriirieierte sttt er et sr e e sre e ene s 554
Table19.3 Anaog Input Channels and Corresponding ADDR RegiSters.......oovvereneneniennen. 555
Table19.4 A/D Conversion Time (SINGIE MOE) .......cccovereveiirecesese s 566
Table19.5 Analog Pin SPECIfiCatiONS........ccccviiiiiiieice e 569

Section 20 RAM
Table20.1 Register CONfiQUILION ........ccceiiieiiirieieie ettt 574

Section 21 ROM (Mask ROM Version, H8S/2138 F-ZTAT, H8S52134 F-ZTAT,
and H8S/2132 F-ZTAT)

Tahle21.1 ROM REGISIES ..oviiiiiiieieiisieeee ettt sttt sttt st st nesne st 578
Table21.2 Operating Modes and ROM ..ot ere e 579
Table21.3  Flash MemMOIY PiNS.........ccoiiiiiiieiiereesie sttt sr e e e ene e 586
Table21.4  Flash Memory REJISIENS. .....cccooi ittt et 586
Table21.5 Flash Memory Erase BIOCKS........cccccviieieieeie st sees et sae e e 592
Table21.6 Setting On-Board Programming MOES...........ccccueverievenieneeeesene e e 593
Table21.7 System Clock Frequencies for which Automatic Adjustment of H8S/2138

or H85/2134 Group Bit Rate ISPOSSIDIE.......cccovieiiee e 596
Table21.8 Hardware ProtECHION. .........ooeierieieriee ettt s eneas 605
Table21.9  SOftWare PrOtECHION........ciieieeeee e st 606
Table 21.10 Programmer Mode Pin SEINGS ......covieieeirieciere e sie e eiesee e ss e e seenes 609
Table 21.11 Settings for Each Operating Mode in Programmer Mode.........cccccoevvvrenceccnenennn. 611
Table 21.12 Programmer Mode COMMENGS ........cceeeeererereesieseeseesieseesteseesseseessesressessessesseenees 611
Table21.13 AC Characteristicsin Memory Read Mode............ccooeieiiincenincene e 612
Table21.14 AC Characteristics When Entering Another Mode from Memory Read Mode...... 613
Table21.15 AC Characteristicsin Memory Read Mode............ccoeveinincineneene e 614
Table 21.16 AC Characteristics in AUtO-Program MOdE .........ccceeveveerereveseseceeieeeseese e 615
Table21.17 AC Characteristicsin AULO-Erase MOGE..........ccccoveeiernienenniesenee e 617
Table21.18 AC Characteristicsin Status Read MOdE ..........ccoveveiiincineneeeee e 618
Table21.19 Status Read Mode Return COmMmMENGS.........cceiereeiererienienenesee e 619

Rev. 4.00 Jun 06, 2006 page | of liv

RENESAS



Table 21.20
Table21.21
Table 21.22

Section 22

Table22.1
Table 22.2
Table 22.3
Table22.4
Table 22.5
Table 22.6
Table 22.7

Table 22.8

Table22.9

Table 22.10
Table 22.11
Table 22.12
Table 22.13
Table 22.14
Table 22.15
Table 22.16
Table 22.17
Table 22.18
Table 22.19
Table 22.20
Table 22.21
Table 22.22

Section 23
Table 23.1
Table 23.2
Table 23.3
Table 23.4
Table 23.5
Table 23.6

Section 24
Table 24.1
Table 24.2

Status Polling Output Truth Table.........ccooviiiriiie e 620
Command Wait State Transition Time SpeCifications.........cccocvvvvvveveececieesienen 620
Registers Present in F-ZTAT Version but Absent in Mask ROM Version............ 622

ROM (H8S/2138 F-ZTAT A-Mask Version,
H8S/2134 F-ZTAT A-Mask Version)

ROM REGISIEN ...viuietiiieieie ettt sttt se ettt st e sesbe e se s be e seste e esestens 624
Operating Modes and ROM .........cceoveiineniniecesiecieseese et s 625
FIash MEMOIY PiNS......ccviieieiiiiseeeeie ettt se e e e tesnesreeneenen 632
Flash MemOry REQISIENS.......cciuiiirieiicierieeeereesies e see e e e see e sre e e esaesaesaesrennens 632
Flash Memory Erase BIOCKS.........ccoooeiiireinereeese et 638
Setting On-Board Programming MOES..........c.eoeiriieininieneseee e 639
System Clock Frequencies for which Automatic Adjustment of the Chip's Bit

RAE IS POSSIDIE ...ttt st 642
Hardware ProtECLION. ........cccuveire et s 651
SOFtWErE PrOtECLION ......cvieiieiciie et 652
Programmer Mode Pin SELtiNGS .......ccooiieeeriieeresee e 655
Settings for Each Operating Mode in Programmer Mode..........cccoovvvveieeieneene 657
Programmer Mode COmMMANGS ..........ccuiireiririeiee e seeeene s 657
AC Characteristicsin Memory Read MOGE .........ccevveievienenesecereese e sese e 658
AC Characteristics when Entering Another Mode from Memory Read Mode...... 659
AC Characteristicsin Memory Read MOGE .........cceveievirenesecereese s se e 660
AC Characteristics in AUtO-Program Mode ..o 661
AC Characteristics in AUtO-Erase Mode........cccooeeireeieieiinese e 663
AC Characterigtics in Status Read Mode ..........cooeieiiiineneeeeeee e 664
Status Read Mode Return ComMmMandS..........coouveererenieerinenesese e 665
Status Polling Output Truth Table.........cccveeeeiere e 666
Command Wait State Transition Time SpeCifiCations.........cccocvvvveevvneececveerieniens 666
Registers Present in F-ZTAT Version but Absent in Mask ROM Version............ 668

Clock Pulse Generator

(O = o S (TSP 670
Damping RESISLANCE VAIUE ......ocuvieeceeceeeeere sttt sttt st 672
Crystal RESONGLOr ParaMELErS .......ccvviieieisiereeeeseeste e ste st e e e e et sse e eeseesee s 673
External Clock INput CONAItiONS.........c..cererieiierieinie et 675
External Clock Output Settling Delay Time........coooveiiireeiereeneeesereeeeseeeiee 676
Subclock INPUE CONAITIONS.........cceiiiieirierieere e 677

Power-Down State
H8S/2138 Group and H8S/2134 Group Internal Statesin Each Mode................... 682
Power-Down Mode Transition CoNditioNns..........cceeeevcveieieeeeie e e 684

Rev. 4.00 Jun 06, 2006 page li of liv

RENESAS



Table 24.3
Table 244
Table 24.5

Section 25
Table 25.1
Table 25.1
Table 25.1
Table 25.1
Table 25.2
Table 25.3
Table 25.3
Table 25.3
Table 25.4
Table 25.5
Table 25.6
Table 25.7
Table 25.8
Table 25.9
Table 25.9
Table 25.10
Table 25.11

Table 25.12

Table 25.13
Table 25.14
Table 25.15
Table 25.16
Table 25.16
Table 25.16
Table 25.17
Table 25.18
Table 25.19
Table 25.20
Table 25.21
Table 25.22
Table 25.22
Table 25.23
Table 25.24

POWer-DOown State REJISLENS.......coveeiireeere ettt 685
MSTP Bits and Corresponding On-Chip Supporting Modules..........cc.ccccevvvrenen. 694
Oscillation Settling Time SEttiNGS.......ccoovveeeie e 696
Electrical Characteristics

Power Supply Voltage and Operating Range (1) (F-ZTAT Products) ..........ccc..... 703
Power Supply Voltage and Operating Range (2) (F-ZTAT A-Mask Products) ..... 704
Power Supply Voltage and Operating Range (3) (Mask-ROM Products).............. 704
Power Supply Voltage and Operating Range (4) (Mask-ROM Products).............. 705
Absolute MaXimum RatINGS........ccccueriereiesise e e sre e sae e e e e e eaenaens 706
DC CharaCteriStiCS (L) ....eeevereererrereeiesiereeiesie ettt sttt s 707
DC CharaCteriStiCS (2) ....c.eevereeuerrereeisiereeiesie sttt sttt et sr e et 710
DC CharaCteriStiCS (3) ....eueevereeuerrereeieriereeiesieseeie st et sre e bbb e b 713
Permissible OULPUL CUMTENES .......ccueeeeiereee st e et se e e et neeneas 716
BUS DIVE CharaCteriStiCS. .. cveveierieisie ettt e 718
(01 oo X T 1211 Vo 719
Control SIgNa TIMING.....coveeiireieere e enes 720
BUS TIMING ..ttt et b e bbb 721
Timing of On-Chip Supporting Modules (1).........ccuereereneneneneeee e 723
Timing of On-Chip Supporting ModUIES (2)........ccceeeveiereneneceereese s 725
[2C BUS TIMING..ouvvreeeeeceeeeeree et esesseess st tessessssesessesssessessssesesssssnastesansnessnsnsanans 726
A/D Conversion Characteristics

(AN7 to ANO Input: 134/266-State CONVErSION) ......c.coerveereermereeerieseeeseseeeeenees 727
A/D Conversion Characteristics

(CIN7 to CINO Input: 134/266-State CONVErSION) .........coeeruereeneeerieseeesieseeeeennes 728
D/A Conversion CharaCteristiCS........uviireirineieeseeesesee e 729
Flash Memory Characteristics (Programming/Erasing Operating Range) ............. 730
Absolute MaXimum RatINGS.......cccvcvieeieierese s eeeseese e 733
DC CharaCteriStiCS (L) ...covereeerrereeiesie ettt sttt er e b e ebesreneas 734
DC CharaCteriStiCS (2) ...coverveuerrerieisiereeiesie sttt r e er e eb e e b e 737
DC CharaCteriStiCS (3) ..eueeverveuerrereeiirierieiesiesieie sttt sttt sre bbb e e b sreneas 740
Permissible OULPUL CUMTENES .......ccuveeeeerere e stese e et te et e e et eeeneas 743
BUS Drive CharaCteriStiCS.......oiiiieiieiee ettt 744
L0t Lo Tox QI T 1 411 oo 745
Control SIgNal TIMING.....coveoeeiriieerieer e 746
BUS TIMING ..ttt bbbt bbb 747
Timing of On-Chip Supporting Modules (1).........ccevrerrinenneneree e 749
Timing of On-Chip Supporting ModUIES (2)........ceeceeiererereeeeieerese e 751
[2C BUS TIMING..outvereeeeeceeteeeceeseeeetesesesessestetessessssesessenesess st sesenssssnsstesansnessnsssanans 752
A/D Conversion Characteristics

(AN7 to ANO Input: 134/266-State CONVErSION) ......c.ccuereeereereeneeerieseeesieseeeeennes 753

Rev. 4.00 Jun 06, 2006 page lii of liv

RENESAS



Table 25.25

Table 25.26
Table 25.27
Table 25.28
Table 25.29
Table 25.29
Table 25.29
Table 25.30
Table 25.31
Table 25.32
Table 25.33
Table 25.34
Table 25.35

Table 25.36

Table 25.37
Table 25.38
Table 25.39
Table 25.40
Table 25.40
Table 25.40
Table 25.41
Table 25.42
Table 25.43
Table 25.44
Table 25.45
Table 25.46

Table 25.47

Table 25.48
Table 25.49

A/D Conversion Characteristics

Appendix A Instruction Set

TableA.1
TableA.2
TableA.3
TableA.3
Table A.3

(CIN7 to CINO Input; 134/266-State CONVErSION) .....ccceveervereesrereeeereeseeseesresseenees 754
D/A Conversion CharaCteristiCS........uviirririneieiseeesesee e 755
Flash Memory Characteristics (Programming/Erasing Operating Range) ............. 756
ADbsolute MaximuM RaLINGS........cccoereiierieieie et 759
DC CharaCteriStiCS (L) ...covereeuerrereeiesiereeieste sttt sttt bbb e er e e ebesreneas 760
DC CharaCteriStiCS (2) ....ceverveuerrerieeisiereeiesie sttt sttt er e ebe e ebesneneas 762
DC CharaCteriStiCS (3) .ueeueeeereeriesresresieseeerieesiessestessessesseseessessessessessessesseesessessesses 765
Permissible OULPUL CUMTENES .......ccueeeeeerieie e stese et te et ee e e st eeeneas 768
L0t Lo Tox QI T 1 411 oo S 769
Control SIgNa TIMING.....coveoeeirieeer e e e e 770
BUS TIMING ..ttt et bbb 771
Timing of On-Chip Supporting MOAUIES ...........c.cciireiiieee e 773
A/D Conversion Characteristics

(AN7 to ANO Input; 134/266-State CONVErSION) ......cceeveereesiesieseeeeseeseesiesreeeenees 775
A/D Conversion Characteristics

(CIN7 to CINO Input: 134/266-State CONVErSION) .........ccveereereereeerieseeesieseeeeenees 776
D/A Conversion CharaCteriStiCS.....uuuurierieriinese et 777
Flash Memory CharaCteriStiCs.........curireeririeiriesieerieseeesi s 778
Absolute MaxXimum RatiNGS.........cccuereieiinereeeeie e se e sae e e eaesnens 780
DC CharaCteriStiCS (L) .uecueeeereerieresresesesesieesestestesesseesesseesaeseessessesnessesseensessessenses 781
DC CharaCteriStiCS (2) ..ecuveeereerieieseseseeeeieesestesiesesseesesseessessessessessessesseessessessenses 783
DC CharaCteriStiCS (3) ...eeverveuerrerieierterieseste sttt sttt bbb e be e e b e 785
Permissible OULPUE CUMTENES .......ooveiieieeeeiereeeee et sr e ene e 787
ClOCK THMING 1.ttt b ettt b bbb b nnenes 788
(0010110 IS T =0 T 0oV 789
BUS TIMING...cueeieiiie et e st r e e e e s e e tesresreene e e enaesrensesnennens 790
Timing of On-Chip Supporting MOAUIES...........ccceeieeieresese e 792
A/D Conversion Characteristics

(AN7 to ANO Input: 134/266-State CONVErSION) ......c.ccverveereereeneeerieseeeseseeeeenees 794
A/D Conversion Characteristics

(CIN7 to CINO Input; 134/266-State CONVErSION) .....ccceveervereesreseeeereeseeseesresseenees 795
D/A Conversion CharaCteristiCS.. ..o s 796
Flash Memory Characteristics (Programming/Erasing Operating Range) ............. 797
INSEFUCHION SEL ...ttt st et e e e sbesneeaeas 815
INSEFUCEION COUES......e vttt st sttt st s 831
Operation COAde MaP (L) ....ecceereererierieseeeeieesesrese e sre e se e e sre e s e e eaeseen e sresreens 845
Operation COUE MaP (2) ....ecceereererieseseseeieerese e se e e sre st se e e sresreens 846
Operation Code MaP (3) ...cveverrerieririereeierie ettt ere e 847

Rev. 4.00 Jun 06, 2006 page liii of liv

RENESAS



Table A.3
TableA.4
Table A5
Table A.6

Operation COUE M (4) ...cveveieeeeiriereeterie ettt ettt ere e 848
NUMber Of StatES PEr CYCIE.....ui e 850
Number of Cycles Per INSITUCLION ........ecveieesec e 851
INStruction EXECULION CYCIE.....ocuviecice et 864

Appendix D Pin States

TableD.1

1/0 Port Statesin Each Processing SEate.........coveerereeerieieneneese e 997

Appendix F Product Code Lineup

Table F.1

H8S5/2138 Group and H8S/2134 Group Product Code Lineup........ccccccevvveeeenene. 1000

Rev. 4.00 Jun 06, 2006 page liv of liv

RENESAS



Section 1 Overview

Section1l Overview

11 Overview

The H85/2138 Group and H8S/2134 Group comprise microcomputers (MCUSs) built around the
H8S/2000 CPU, employing Renesas Technology proprietary architecture, and equipped with
supporting modules on-chip.

The H8S/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip supporting modules required for system configuration include a data transfer controller
(DTC) bus master, ROM and RAM, a 16-hit free-running timer module (FRT), 8-bit timer module
(TMR), watchdog timer module (WDT), two PWM timers (PWM and PWMX), serial
communication interface (SCI), host interface (HIF), D/A converter (DAC), A/D converter
(ADC), and 1/0 ports. An I°C businterface (11C) can also be incorporated as an option.

The on-chip ROM is either flash memory (F-ZTAT ™) or mask ROM, with a capacity of 128, 96,
64, or 32 kbytes. ROM is connected to the CPU via a 16-bit data bus, enabling both byte and word
data to be accessed in one state. Instruction fetching has been speeded up, and processing speed
increased.

Three operating modes, modes 1 to 3, are provided, and there is a choice of address space and
single-chip mode or externally expanded modes.

The features of the H8S/2138 Group and H85/2134 Group are shown in table 1.1.

Note: * F-ZTAT isatrademark of Renesas Technology Corp.
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Section 1 Overview

Tablel.l Overview
Item Specifications
CPU « General-register architecture

O Sixteen 16-bit general registers (also usable as sixteen 8-bit
registers or eight 32-bit registers)

« High-speed operation suitable for real-time control
O Maximum operating frequency: 20 MHz/5 V, 10 MHz/3 V
0 High-speed arithmetic operations
8/16/32-bit register-register add/subtract: 50 ns (20-MHz operation)
16 x 16-bit register-register multiply: 1000 ns (20-MHz operation)
32 + 16-hit register-register divide: 1000 ns (20-MHz operation)
» Instruction set suitable for high-speed operation

O

Sixty-five basic instructions

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

O Unsigned/signed multiply and divide instructions
O Powerful bit-manipulation instructions

* Two CPU operating modes

0 Normal mode: 64-kbyte address space

0 Advanced mode: 16-Mbyte address space

Operating modes

e Three MCU operating modes

External Data Bus

CPU Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
1 Normal Expanded mode Disabled 8 bits 8 bits
with on-chip ROM
disabled
2 Advanced Expanded mode Enabled 8 bits 8 bits
with on-chip ROM
enabled
Single-chip mode None
3 Normal Expanded mode Enabled 8 hits 8 bits
with on-chip ROM
enabled
Single-chip mode None
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Section 1 Overview

Iltem

Specifications

Bus controller

2-state or 3-state access space can be designated for external
expansion areas

Number of program wait states can be set for external expansion areas

Data transfer
controller (DTC)
(H8S/2138 Group)

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one
activation source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC

16-bit free-running
timer module
(FRT: 1 channel)

One 16-hit free-running counter (also usable for external event
counting)

Two output compare outputs
Four input capture inputs (with buffer operation capability)

8-bit timer module
(2 channels: TMRO,
TMR1)

Each channel has:

One 8-bit up-counter (also usable for external event counting)
Two time constant registers
The two channels can be connected

Timer connection
and 8-bit timer (TMR)
module (2 channels:
TMRX, TMRY)
(Timer connection
and TMRX provided
in H8S/2138 Group)

Input/output and FRT, TMR1, TMRX, TMRY can be interconnected

Measurement of input signal or frequency-divided waveform pulse
width and cycle (FRT, TMR1)

Output of waveform obtained by modification of input signal edge (FRT,
TMR1)

Determination of input signal duty cycle (TMRX)

Output of waveform synchronized with input signal (FRT, TMRX,
TMRY)

Automatic generation of cyclical waveform (FRT, TMRY)

Watchdog timer
module
(WDT: 2 channels)

Watchdog timer or interval timer function selectable
Subclock operation capability (channel 1 only)

8-bit PWM timer
(PWM)
(H8S/2138 Group)

Up to 16 outputs

Pulse duty cycle settable from 0 to 100%

Resolution: 1/256

1.25 MHz maximum carrier frequency (20-MHz operation)
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Item Specifications
14-bit PWM timer * Upto 2 outputs
(PWMX)

* Resolution: 1/16384
* 312.5 kHz maximum carrier frequency (20-MHz operation)

Serial communication «  Asynchronous mode or synchronous mode selectable
interface

(SCI: 2 channels,
SCI0 and SCI1)

* Multiprocessor communication function

SCI with IrDA: « Asynchronous mode or synchronous mode selectable
1 channel (SCI2) * Multiprocessor communication function
« Compatible with IrDA specification version 1.0

* TxD and RxD encoding/decoding in IrDA format

Host interface (HIF) e 8-bit host interface (ISA) port
(HB85/2138 Group) * Three host interrupt requests (HIRQ11, HIRQ1, HIRQ12)
« Normal and fast A20 gate output

* Two register sets (each comprising two data registers and two status
registers)

Keyboard controller » Matrix keyboard control using keyboard scan with wakeup interrupt and
sense port configuration

A/D converter * Resolution: 10 bits

* Input:
O 8 channels (dedicated analog pins)
O 8 channels (same pins as keyboard sense port)

« High-speed conversion: 6.7 pus minimum conversion time (20-MHz
operation)

» Single or scan mode selectable

e Sample-and-hold function

« A/D conversion can be activated by external trigger or timer trigger

D/A converter * Resolution: 8 bits
e Output: 2 channels

I/O ports e 58 input/output pins (including 24 with LED drive capability)
e 8 input-only pins
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Section 1 Overview

Iltem

Specifications

Memory

Flash memory or mask ROM
High-speed static RAM

Product Name ROM RAM

H8S/2134, H8S/2138 128 kbytes 4 kbytes
H8S/2133 96 kbytes 4 kbytes
H8S/2132, H8S/2137 64 kbytes 2 kbytes
H8S/2130 32 kbytes 2 kbytes

Interrupt controller

Nine external interrupt pins (NMI, IRQO to IRQ7)
39 internal interrupt sources
Three priority levels settable

Power-down state

Medium-speed mode
Sleep mode

Module stop mode
Software standby mode
Hardware standby mode
Subclock operation

Clock pulse generator

On-chip duty correction circuit

Packages

80-pin plastic QFP (FP-80A)
80-pin plastic TQFP (TFP-80C)

I’C bus interface
(IIC: 2 channels)
(option in H8S/2138
Group)

Conforms to Philips I°C bus interface standard
Single master mode/slave mode

Arbitration lost condition can be identified
Supports two slave addresses

Rev. 4.00 Jun 06, 2006 page 5 of 1004

RENESAS

REJ09B0301-0400



Section 1 Overview

Item Specifications
Product lineup Product Code**
(preliminary) Mask ROM F-ZTAT™ ROM/RAM
Group Versions Versions (Bytes) Packages
H8S/2138 HD6432138S HD64F2138"* 128 k/4 k FP-80A,
HD6432138SW* HD64F2138A TFP-80C
HD6432137S — 64 k/i2 k
HD6432137SW**
H8S/2134 HD6432134S HD64F2134 128 k/4 k
HD64F2134A
HD6432133S — 96 k/4 k
HD6432132 HD64F2132R 64 k/2 k
HD6432130 — 32 k/2 k
Notes: 1. “W” indicates the I°C bus option.
2. FP-80A only

3. For the 3-V version, "V" is added to the product code. See
appendix F, Product Code Lineup.
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Section 1 Overview

12 Internal Block Diagram

Aninternal block diagram of the H8S/2138 Group is shown in figure 1.1, and an internal block
diagram of the H85/2134 Group in figure 1.2.
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1.3 Pin Arrangement and Functions

131 Pin Arrangement

The pin arrangement of the H8S/2138 Group is shown in figure 1.3, and the pin arrangement of
the H8S/2134 Group in figure 1.4.
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Figure1.3 Pin Arrangement of H852138 Group (FP-80A, TFP-80C: Top View)
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P75/AN5

P74/AN4

P73/AN3

P72/AN2

P71/AN1

P70/ANO

AVCC
P67/CIN7/KIN7/IRQ7
P66/FTOB/CING/KING/TRQ6
P65/FTID/CIN5/KING
P64/FTIC/CINA/KINA
P63/FTIB/CIN3/KIN3
P62/FTIA/CIN2/KIN2/TMIY
P61/FTOA/CIN1/KINT
P60/FTCI/CINO/KINO

Figure1l.4 Pin Arrangement of H85/2134 Group (FP-80A, TFP-80C: Top View)
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Section 1 Overview

132 Pin Functionsin Each Operating Mode

Tables 1.2 and 1.3 show the pin functions of the H8S5/2138 Group and H85/2134 Group in each of
the operating modes.

Table1l.2 HB8S/2138 Group Pin Functionsin Each Operating Mode
Pin Name

Pin No. Expanded Modes Single-Chip Modes Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE=0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE=0) Mode
1 RES RES RES RES
2 XTAL XTAL XTAL XTAL
3 EXTAL EXTAL EXTAL EXTAL
4 MD1 MD1 MD1 VSS
5 MDO MDO MDO VSS
6 NMI NMI NMI FA9
7 STBY STBY STBY \Y/ele
8 VCC2 (VCL) VCC2 (VCL) VCC2 (VCL) \Y/ele
9 P52/SCKO/SCLO  P52/SCKO0/SCLO P52/SCKO0/SCLO NC
10 P51/RxD0 P51/RxD0 P51/RxD0 FA17
11 P50/TxDO0 P50/TxDO P50/TxDO0 NC
12 VSS VSS VSS VSS
13 P97/WAIT/SDAO  P97/WAIT/SDAO P97/SDAO vCC
14 @P96/EXCL @P96/EXCL P96/@/EXCL NC
15 AS/I0S AS/I0S P95/CS1 FA16
16 WR WR P94/10W FA15
17 RD RD P93/10R WE
18 P92/IRQ0 P92/IRQ0 P92/IRQ0 VSS
19 P91/IRQT P91/IRQT P91/1RQT \Y/ele;
20 P90/IRQ2/ P90/IRQ2/ADTRG ~ P90/IRQ2/ADTRG/  VCC

ADTRG ECS2
21 P60/FTCI/CINO/ P60/FTCI/CINO/ P60/FTCI/CINO/ NC

KINO/TMIX/ KINO/TMIX/ KINO/TMIX/

HFBACKI HFBACKI HFBACKI
22 P61/FTOAICINL/  P61/FTOA/CIN1/ P61/FTOAICIN/ NC

KIN1/VSYNCO KIN1/VSYNCO KIN1/VSYNCO
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Section 1 Overview

Pin Name

Pin No. Expanded Modes Single-Chip Modes Flash Memory

FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE=0) Programmer

TFP-80C Mode 1 Mode 3 (EXPE =1) Mode 3(EXPE=0) Mode

23 P62/FTIA/CIN2/ P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
KIN2/TMIY/ KIN2/TMIY/ KIN2/TMIY/
VSYNCI VSYNCI VSYNCI

24 P63/FTIB/CIN3/ P63/FTIB/CIN3/ P63/FTIB/CIN3/ NC
KIN3/VFBACKI KIN3/VFBACKI KIN3/VFBACKI

25 P64/FTIC/CIN4/ P64/FTIC/CIN4/ P64/FTIC/CIN4/ NC
KIN4/CLAMPO KIN4/CLAMPO KIN4/CLAMPO

26 P65/FTID/CIN5S/ P65/FTID/CIN5S/ P65/FTID/CIN5/ NC
KIN5 KIN5 KIN5

27 P66/FTOB/CING/ P66/FTOB/CING/ P66/FTOB/CING/ NC
KING/IRQ6 KIN6/IRQ6 KIN6/IRQ6

28 P67/TMOX/CIN7/  P67/TMOX/CIN7/ P67/TMOX/CIN7/ VSS
KIN7/IRQ7 KIN7/IRQ7 KIN7/IRQ7

29 AVCC AVCC AVCC VCC

30 P70/ANO P70/ANO P70/ANO NC

31 P71/AN1 P71/AN1 P71/AN1 NC

32 P72/AN2 P72/AN2 P72/AN2 NC

33 P73/AN3 P73/AN3 P73/AN3 NC

34 P74/AN4 P74/AN4 P74/AN4 NC

35 P75/AN5 P75/AN5 P75/AN5 NC

36 P76/AN6/DAO P76/AN6/DAO P76/AN6/DAO NC

37 P77/AN7/DA1 P77/AN7/DA1 P77/AN7/DA1 NC

38 AVSS AVSS AVSS VSS

39 P40/TMCI0/ P40/TMCI0/ P40/TMCI0/ NC
TxD2/IrTxD TxD2/IrTxD TxD2/IrTxD

40 P41/TMOO0/ P41/TMOO0/ P41/TMOO0/ NC
RxD2/IrRxD RxD2/IrRxD RxD2/IrRxD

41 P42/TMRIO/ P42/TMRIO/ P42/TMRI0/ NC
SCK2/SDA1 SCK2/SDA1 SCK2/SDA1

42 P43/TMCI1/ P43/TMCI1/ P43/TMCI1/ NC
HSYNCI HSYNCI HIRQ11/HSYNCI

43 P44/TMO1/ P44/TMO1/ P44/TMO1/HIRQ1/ NC
HSYNCO HSYNCO HSYNCO

44 P45/TMRI1/ P45/TMRI1/ P45/TMRI1/ NC
CSYNCI CSYNCI HIRQ12/CSYNCI
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Pin Name

Pin No. Expanded Modes Single-Chip Modes Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE=0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE=0) Mode
45 P46/PWX0 P46/PWX0 P46/PWX0 NC
46 P47/PWX1 P47/PWX1 P47/PWX1 NC
47 VCC1 VCC1 VCC1 VCC
48 Al5 A15/P27/PW15/ P27/PW15/ CE

CBLANK CBLANK
49 Al4 Al14/P26/PW14 P26/PW14 FA14
50 Al3 A13/P25/PW13 P25/PW13 FA13
51 Al2 Al12/P24/PW12 P24/PW12 FA12
52 All Al11/P23/PW11 P23/PW11 FA11
53 Al10 A10/P22/PW10 P22/PW10 FA10
54 A9 A9/P21/PW9 P21/PW9 OE
55 A8 A8/P20/PW8 P20/PW8 FA8
56 VSS VSS VSS VSS
57 A7 A7/P17/PW7 P17/PW7 FA7
58 A6 A6/P16/PW6 P16/PW6 FA6
59 A5 A5/P15/PW5 P15/PW5 FAS5
60 A4 A4/P14/PW4 P14/PW4 FA4
61 A3 A3/P13/PW3 P13/PW3 FA3
62 A2 A2/P12/PW2 P12/PW2 FA2
63 Al Al/P11/PW1 P11/PW1 FA1l
64 A0 AO/P10/PWO P10/PWO FAO
65 DO DO P30/HDBO FOO
66 D1 D1 P31/HDB1 FO1
67 D2 D2 P32/HDB2 FO2
68 D3 D3 P33/HDB3 FO3
69 D4 D4 P34/HDB4 FO4
70 D5 D5 P35/HDB5 FO5
71 D6 D6 P36/HDB6 FO6
72 D7 D7 P37/HDB7 FO7
73 VSS VSS VSS VSS
74 P80 P80 P80/HAO NC
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Pin Name

Pin No. Expanded Modes Single-Chip Modes Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE=0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE=0) Mode
75 P81 P81 P81/CS2/GA20 NC
76 P82 P82 P82/HIFSD NC
77 P83 P83 P83 NC
78 P84/IRQ3/TxD1 P84/IRQ3/TxD1 P84/IRQ3/TxD1 NC
79 P85/IRQ4/RxD1 P85/IRQ4/RxD1 P85/IRQ4/RxD1 NC
80 P86/IRQ5/SCK1/ P86/IRQ5/SCK1/ P86/IRQ5/SCK1/ NC

SCL1 SCL1 SCL1
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Table1l.3 HB8S/2134 Group Pin Functionsin Each Operating Mode
Pin Name
Pin No. Expanded Modes Single-Chip Modes Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE=0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE=0) Mode
1 RES RES RES RES
2 XTAL XTAL XTAL XTAL
3 EXTAL EXTAL EXTAL EXTAL
4 MD1 MD1 MD1 VSS
5 MDO MDO MDO VSS
6 NMI NMI NMI FA9
7 STBY STBY STBY VCC
8 VCC2 (VCL) VCC2 (VCL) VCC2 (VCL) VvCC
9 P52/SCKO0 P52/SCKO0 P52/SCKO0 NC
10 P51/RxDO0 P51/RxDO0 P51/RxDO0 FAL17
11 P50/TxDO0 P50/TxDO0 P50/TxDO0 NC
12 VSS VSS VSS VSS
13 P97/WAIT P97/WAIT P97 vCC
14 @P96/EXCL @P96/EXCL @P96/EXCL NC
15 AS/I0S AS/I0S P95 FAL16
16 WR WR P94 FA15
17 RD RD P93 WE
18 P92/IRQO P92/IRQO P92/IRQ0O VSS
19 POL/IRQT POL/IRQT P91/IRQT VCC
20 P90/IRQ2/ADTRG  P90/IRQ2/ADTRG P90/IRQ2/ADTRG  VCC
21 P60/FTCI/CINO/ P60/FTCI/CINO/ P60/FTCI/CINO/ NC
KINO KINO KINO
22 P61/FTOA/CIN1/  P61/FTOA/CINL/ P61/FTOA/CIN1/ NC
KIN1 KIN1 KIN1
23 P62/FTIA/CIN2/ P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
KIN2/TMIY KIN2/TMIY KIN2/TMIY
24 P63/FTIB/CIN3/ P63/FTIB/CIN3/ P63/FTIB/CIN3/ NC
KIN3 KIN3 KIN3
25 P64/FTIC/CIN4/ P64/FTIC/CIN4/ P64/FTIC/CIN4/ NC

KIN4

KIN4

KIN4
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Pin Name
Pin No. Expanded Modes Single-Chip Modes Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE=0) Programmer
TFP-80C Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE=0) Mode
26 P65/FTID/CINS/ P65/FTID/CINS/ P65/FTID/CINS/ NC
KIN5 KIN5 KIN5
27 P66/FTOB/CIN6/  P66/FTOB/CING/ P66/FTOB/CING/ NC
KIN6/IRQ6 KIN6/IRQ6 KIN6/IRQ6
28 P67/CIN7/KIN7/  P67/CIN7/KIN7/ P67/CIN7/KIN7/ VSS
IRQ7 IRQ7 IRQ7
29 AVCC AVCC AVCC VCC
30 P70/ANO P70/ANO P70/ANO NC
31 P71/AN1 P71/AN1 P71/AN1 NC
32 P72/AN2 P72/AN2 P72/AN2 NC
33 P73/AN3 P73/AN3 P73/AN3 NC
34 P74/AN4 P74/AN4 P74/AN4 NC
35 P75/AN5 P75/AN5 P75/AN5 NC
36 P76/AN6/DAO P76/AN6/DAO P76/AN6/DAO NC
37 P77/AN7/DA1 P77/AN7/DA1 P77/AN7/DA1 NC
38 AVSS AVSS AVSS VSS
39 P40/TMCIO0/ P40/TMCIO/ P40/TMCI0/ NC
TXD2/IrTxD TXD2/IrTxD TxD2/IrTxD
40 P41/TMOO0/ P41/TMOO0/ P41/TMOO0/ NC
RxD2/IrRxD RxD2/IrRxD RxD2/IrRxD
41 P42/TMRI0/ P42/TMRIO/ P42/TMRI0/ NC
SCK2 SCK2 SCK2
42 P43/TMCI1 P43/TMCI1 P43/TMCI1 NC
43 P44/TMO1 P44/TMO1 P44/TMO1 NC
44 P45/TMRI1 P45/TMRI1 P45/TMRI1 NC
45 P46/PWX0 P46/PWX0 P46/PWX0 NC
46 P47/PWX1 P47/PWX1 P47/PWX1 NC
47 VCC1 VCC1 VCC1 VCC
48 Al5 A15/P27 P27 CE
49 Al4 A14/P26 P26 FAl4
50 A13 A13/P25 P25 FA13
51 Al12 A12/P24 P24 FA12
52 All A11/P23 P23 FAll
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Pin Name
Pin No. Expanded Modes Single-Chip Modes Flash Memory
FP-80A Mode 2 (EXPE =1) Mode 2 (EXPE=0) Programmer
TFP-80C  Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE=0) Mode
53 A10 A10/P22 P22 FA10
54 A9 A9/P21 P21 OE
55 A8 A8/P20 P20 FAS
56 VSS VSS VSS VSS
57 A7 A7/IP17 P17 FA7
58 A6 A6/P16 P16 FA6
59 A5 A5/P15 P15 FAS5
60 A4 A4/P14 P14 FA4
61 A3 A3/P13 P13 FA3
62 A2 A2/P12 P12 FA2
63 Al A1/P11 P11 FA1
64 A0 AO0/P10 P10 FAO
65 DO DO P30 FOO
66 D1 D1 P31 FO1
67 D2 D2 P32 FO2
68 D3 D3 P33 FO3
69 D4 D4 P34 FO4
70 D5 D5 P35 FO5
71 D6 D6 P36 FO6
72 D7 D7 P37 FO7
73 VSS VSS VSS VSS
74 P80 P80 P80 NC
75 P81 P81 P81 NC
76 P82 P82 P82 NC
77 P83 P83 P83 NC
78 P84/IRQ3/TxD1 P84/IRQ3/TxD1 P84/IRQ3/TxD1 NC
79 P85/IRQ4/RxD1 P85/IRQ4/RxD1 P85/IRQ4/RxD1 NC
80 P86/IRQ5/SCK1  P86/IRQ5/SCK1 P86/IRQ5/SCK1 NC
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1.3.3 Pin Functions

Table 1.4 summarizes the functions of the H8S5/2138 Group and H85/2134 Group pins.

Table1l.4 Pin Functions

FP-80A

Type Symbol

Pin No.

TFP-80C

I/0

Name and Function

Power VCC1,
supply VCC2

8", 47

Input

Power supply: For connection to the power
supply. All VCC1 and VCC2" pins should be
connected to the system power supply.

VCL

8*

Input

Internal step-down voltage pin: A power supply
pin for the product, applicable to product lines that
have an internal step-down voltage. In the 5-V and
4-V versions, connect external capacitors to
stabilize the internal step-down voltage between
this pin and the VSS pin. Do not connect it to Vcc.
In the 3-V version, connect this pin and the VCC1
pin to the power supply for the system. For details,
See Section 25, Electrical Characteristics.

VSS

12,56, 73

Input

Ground: For connection to the power supply (0 V).
All VSS pins should be connected to the system
power supply (0 V).

Clock XTAL

Input

Connected to a crystal oscillator. See section 23,
Clock Pulse Generator, for typical connection
diagrams for a crystal oscillator and external clock
input.

EXTAL

Input

Connected to a crystal oscillator. The EXTAL pin
can also input an external clock. See section 23,
Clock Pulse Generator, for typical connection
diagrams for a crystal oscillator and external clock
input.

14

Output

System clock: Supplies the system clock to
external devices.

EXCL

14

Input

External subclock input: Input a 32.768 kHz
external subclock.
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Pin No.
FP-80A

Type Symbol TFP-80C I/O Name and Function

Operating MD1 4 Input  Mode pins: These pins set the operating mode.

mode MDO 5 The relation between the settings of pins MD1 and

control MDO and the operating mode is shown below.
These pins should not be changed while the MCU
is operating.
Operating

MD1 MDO Mode Description

0 1 Mode 1 Normal
Expanded mode with
on-chip ROM disabled

1 0 Mode 2 Advanced
Expanded mode with
on-chip ROM enabled
or single-chip mode

1 1 Mode 3 Normal
Expanded mode with
on-chip ROM enabled
or single-chip mode

System RES 1 Input  Reset input: When this pin is driven low, the chip is

control reset.

STBY 7 Input  Standby: When this pin is driven low, a transition is
made to hardware standby mode.

Address A15 to 48 to 55, Output Address bus: These pins output an address.

bus A0 57to 64

Data bus D7 to 72 to 65 Input/  Data bus (upper): Bidirectional data bus.

DO output Used for 8-bit data.

Bus control  WAIT 13 Input  Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address
space.

RD 17 Output Read: When this pin is low, it indicates that the
external address space is being read.

WR 16 Output Write: When this pin is low, it indicates that the
external address space is being written to.

AS/IOS 15 Output Address strobe: When this pin is low, it indicates

that address output on the address bus is valid.
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Pin No.
FP-80A
Type Symbol TFP-80C I/O Name and Function
Interrupt NMI 6 Input  Nonmaskable interrupt: Requests a nonmaskable
signals interrupt.
IRQOto 18 to 20, Input  Interrupt request 0 to 7: These pins request a
IRQ7 78 to 80, maskable interrupt.
27, 28
16-bit free- FTCI 21 Input  FRT counter clock input: Input pin for an external

running

clock signal for the free-running counter (FRC).

timer (FRT) ETOA

22 Output FRT output compare A output: The output
compare A output pin.

FTOB 27 Output FRT output compare B output: The output
compare B output pin.
FTIA 23 Input  FRT input capture A input: The input capture A
input pin.
FTIB 24 Input  FRT input capture B input: The input capture B
input pin.
FTIC 25 Input  FRT input capture C input: The input capture C
input pin.
FTID 26 Input  FRT input capture D input: The input capture D
input pin.
8-bit timer  TMOO 40 Output Compare-match output: TMRO, TMR1, and TMRX
(TMRO, TMO1 43 compare-match output pins.
TMR1, TMOX 28
TMRX, TMCIO 39 Input  Counter external clock input: Input pins for the
TMRY) TMCI1 42 external clock input to the TMRO and TMR1
counters.
TMRIO 41 Input  Counter external reset input: TMRO and TMR1
TMRI1 44 counter reset input pins.
TMIX 21 Input  Counter external clock input and reset input:
T™MIY 23 Dual function as TMRX and TMRY counter clock

input pin and reset input pin.

PWM timer PW15 to

48 to 55, Output PWM timer output: PWM timer pulse output pins.

(PWM) PWO 57 to 64

14-bit PWM PWXO0 45 Output PWMX timer output: PWM D/A pulse output pins.
timer PWX1 46

(PWMX)
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Pin No.
FP-80A
Type Symbol  TFP-80C I/0 Name and Function
Serial com- TxDO 11 Output Transmit data: Data output pins.
munication TxD1 78
interface TxD2 39
(SCI0, SCI1, RxDO 10 Input  Receive data: Data input pins.
SCI2) RxD1 79
RxD2 40
SCKO 9 Input/  Serial clock: Clock input/output pins.
SCK1 80 output  the scKO output type is NMOS push-pull in the
SCK2 41 H8S/2138 Group and CMOS output in the
H8S/2134 Group.
SCI with IrTxD 39 Output IrDA transmit data/receive data: Input and output
IrDA (SCI2) IrRxD 40 Input  pins for data encoded for IrDA use.
Host HDB7to 72to 65 Input/  Host interface data bus: Bidirectional 8-bit bus for
interface HDBO output accessing the host interface.
(HIF) CS1, 15,75,20 Input  Chip select 1 and 2: Input pins for selecting host
S2, interface channel 1 or 2.
ECS2
IOR 17 Input  1/O read: Input pin that enables reading from the
host interface.
IOW 16 Input  1/O write: Input pin that enables writing to the host
interface.
HAO 74 Input  Command/data: Input pin that indicates whether
an access is a data access or command access.
GA20 75 Output GATE A20: A20 gate control signal output pin.
HIRQ11 42 Output Host interrupt 11, 1, and 12: Output pins for
HIRQ1 43 interrupt requests to the host.
HIRQ12 44
HIFSD 76 Input  Host interface shutdown: Control input pin used
to place host interface input/output pins in the high-
impedance/cutoff state.
Keyboard KINOto 21 to 24, Input  Keyboard input: Matrix keyboard input pins.
control KIN7 2510 28 Normally, P10 to P17 and P20 to P27 are used as

key-scan outputs. This enables a maximum 16-
output x 16-input, 256-key matrix to be configured.
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Pin No.
FP-80A
Type Symbol TFP-80C I/O Name and Function
A/D AN7 to 37 to0 30 Input  Analog input: A/D converter analog input pins.
converter ANO
to to 24, nput Xxpansion inputs: Expansion input pins
(ADC) CNO 21t024, | E ion A/D | Expansion A/D input pi
CN7 2510 28 can be connected to the A/D converter, but since
they are also used as digital input/output pins,
precision will fall.
ADTRG 20 Input  A/D conversion external trigger input: Pin for
input of an external trigger to start A/D conversion.
D/A DAO 36 Output Analog output: D/A converter analog output pins.
converter DAl 37
(DAC)
A/D AVCC 29 Input  Analog reference voltage: The analog power
converter supply pin for the A/D converter and D/A converter.
D/A When the A/D and D/A converters are not used, this
converter pin should be connected to the system power
supply (+5 V or +3 V).
AVSS 38 Input  Analog ground: The ground pin for the A/D
converter and D/A converter. This pin should be
connected to the system power supply (0 V).
Timer VSYNCI, 23 Input  Timer connection input: Timer connection
connection HSYNCI, 42 synchronous signal input pins.
CSYNCI, 44
VFBACKI, 24
HFBACKI 21
VSYNCO, 22 Output Timer connection output: Timer connection
HSYNCO, 43 synchronous signal output pins.
CLAMPO, 25
CBLANK 48
I°C bus SCLO 9 Input/  I°C clock input/output (channels 0 and 1): I’C
interface SCL1 80 output clock I/O pins. These pins have a bus drive
(ne) function.
(option) The SCLO output form is NMOS open-drain
SDAO 13 Input/  I°C data input/output (channels 0 and 1): I°C data
SDA1 41 output 1/O pins. These pins have a bus drive function.

The SDAO output form is NMOS open-drain.
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Pin No.
FP-80A
Type Symbol  TFP-80C I/0 Name and Function
I/O ports P17 to 57 to 64 Input/  Port 1: Eight input/output pins. The data direction of

P10 output each pin can be selected in the port 1 data direction
register (PLDDR). These pins have on-chip MOS
input pull-ups, and also have LED drive capability.

P27 to 48 to 55 Input/  Port 2: Eight input/output pins. The data direction of

P20 output each pin can be selected in the port 2 data direction
register (P2DDR). These pins have on-chip MOS
input pull-ups, and also have LED drive capability.

P37 to 72 t0 65 Input/  Port 3: Eight input/output pins. The data direction of

P30 output each pin can be selected in the port 3 data direction
register (P3DDR). These pins have on-chip MOS
input pull-ups, and also have LED drive capability.

P47 to 46 to 39 Input/  Port 4: Eight input/output pins. The data direction of

P40 output each pin can be selected in the port 4 data direction
register (P4DDR).

P52 to 9to 11 Input/  Port 5: Three input/output pins. The data direction

P50 output of each pin can be selected in the port 5 data
direction register (P5DDR). P52 is an NMOS push-
pull output in the H8S/2138 Group and is a CMOS
output in the H8S/2134 Group.

P67 to 28to 21 Input/  Port 6: Eight input/output pins. The data direction of

P60 output each pin can be selected in the port 6 data direction
register (P6DDR). These pins have on-chip MOS
input pull-ups.

P77 to 37 t0 30 Input  Port 7: Eight input pins.

P70

P86 to 80to 74 Input/  Port 8: Seven input/output pins. The data direction

P80 output of each pin can be selected in the port 8 data
direction register (P8DDR).

P97 to 13to 20 Input/  Port 9: Eight input/output pins. The data direction of

P90 output each pin (except P96) can be selected in the port 9

data direction register (P9DDR). P97 is an NMOS
push-pull output in the H8S/2138 Group and is a
CMOS output in the H8S/2134 Group.

Note: * In F-ZTAT and mask ROM versions of HD64F2138A, HD64F2134A, HD6432138S,
HD6432138SW HD6432137S, HD6432137SW, HD6432134S, and HD6432133S,
VCC2 pin (8 pin) is the VCL pin.
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Section 2 CPU

Section2 CPU

21 Overview

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 (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

211 Features

The H85/2000 CPU has the following features.

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

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

General-register architecture

[0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit
registers)

Sixty-five basic instructions

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

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

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

Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]

Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32]

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

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

Memory indirect [ @@aa:8]

16-Mbyte address space

O Program: 16 Mbytes

0 Data 16 Mbytes (4 Gbytes architecturally)

OoOooogoooao
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Section 2 CPU

» High-speed operation
O All frequently-used instructions execute in one or two states

O Maximum clock rate: 20 MHz
O 8/16/32-bit register-register add/subtract: 50 ns

O 8 x 8-hit register-register multiply: 600 ns
O 16 + 8-bit register-register divide: 600 ns
O 16 x 16-hit register-register multiply: 1000 ns
O 32+ 16-hit register-register divide: 1000 ns

e Two CPU operating modes
O Norma mode
O Advanced mode
* Power-down state
O Transition to power-down state by SLEEP instruction
O CPU clock speed selection

2.1.2 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 only by the H85/2600 CPU.
* Basicinstructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H85/2600 CPU.

* Number of execution states
The number of execution states of the MULXU and MULXS instructions differ as follows.
Number of 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

There are also differences in the address space, EXR register functions, power-down state, etc.,
depending on the product.
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213 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

O Eight 16-bit extended registers, and one 8-bit control register, have been added.
Expanded address space

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

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

Enhanced addressing

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

Enhanced instructions

O Addressing modes of bit-manipulation instructions have been enhanced.
O Signed multiply and divide instructions have been added.

O Two-bit shift instructions have been added.

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

Higher speed

0 Basicinstructions execute twice as fast.

214 Differences from H8/300H CPU

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

Additional control register

O One 8-bit control register has been added.

Enhanced instructions

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

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

Higher speed

0 Basicinstructions 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 (architecturally the maximum total address space is 4 Gbytes, with a maximum of 16
Mbytes for the program area and a maximum of 4 Gbytes for the data area). The mode is selected
by the mode pins of the microcontroller.

N | mod Maximum 64 kbytes for program
ormal mode and data areas combined

CPU operating modes }7

Maximum 16 Mbytes for

—{ Advanced mode program and data areas
combined

Figure2.1 CPU Operating Modes
(1) Normal Mode
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-hit registers, or as
the upper 16-bit segments of 32-bit registers. When En is used as a 16-bit register it can contain
any value, even when the corresponding general register (Rn) is used as an address register. If the
general register isreferenced in the register indirect addressing mode with pre-decrement (@-Rn)
or post-increment (@Rn+) and a carry 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.
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Exception Vector Tableand Memory Indirect Branch Addresses: In normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per 16
bits. The configuration of the exception vector table in normal mode is shown in figure 2.2. For
details of the exception vector table, see section 4, Exception Handling.

H'0000 [

H'0001

H0002 |

H'0003

H'0004 |

H'0005

H'0006 |

H'0007

H0008 |

H'0009

H'000A|

H'000B

Reset exception vector -

(Reserved for system use)  --- )
RIS Exception

vector table

Exception vector 1 -

Exception vector 2 -

O

Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit 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'00FF. Note

that thisareais al'so used

for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC and condition-code register (CCR) are pushed onto the stack in exception handling,
they are stored as shown in figure 2.3. The extended control register (EXR) is not pushed onto the
stack. For details, see section 4, Exception Handling.

\/_\ \/\

sp—| PC SP—~ CCR
(16 bits) CCR*
PC

\/\ (16 bits)

(&) Subroutine Branch (b) Exception Handling

Note: * Ignored when returning.

Figure2.3 Stack Structurein Normal Mode
(2) Advanced Mode

Address Space: Linear accessis provided to a 16-Mbyte maximum address space (architecturally
amaximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

Extended Registers (En): The extended registers (EO to E7) can be used as 16-hit registers, or as
the upper 16-bit segments of 32-bit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand 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 2.4).
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved h
7 Reset exception vector o
H'00000003
H'00000004 | | Reserved |
H00000007 | ]
H'00000008
I 71 > Exception vector table
H'0000000B | ]
(Reserved for system use)
H'0000000C | ]
HooOOOOI0 | R???f‘,’?d, 77777777777777777
7 Exception vector 1 o

Figure2.4 Exception Vector Table (Advanced Mode)

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-hit branch address. The upper 8 bits of these 32 bits are areserved areathat isregarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
first part of thisrangeis also the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a

subroutine call, and the PC and condition-code register (CCR) are pushed onto the stack in

exception handling, they are stored as shown in figure 2.5. The extended control register (EXR) is

not pushed onto the stack. For details, see section 4, Exception Handling.

SP-—~

\/\

Reserved

R PC ———
(24 bits)

\/\

(@) Subroutine Branch

SP-»

\/\

CCR

- _ PC R
(24 bits)

\/\

(b) Exception Handling

Figure2.5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.6 shows a memory map of the H8S/2000 CPU. The H8S/2000 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.

H'0000

H'FFFF

H'00000000

Program area

H'00FFFFFF

Data area

Cannot be
used by the
H8S/2138
Group or
H8S/2134
Group

H'FFFFFFFF

(@) Normal Mode (b) Advanced Mode

Figure2.6 Memory Map
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24 Register Configuration

24.1 Overview

The CPU hasthe internal registers shown in figure 2.7. There are two types of registers: general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

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

Control Registers (CR)
23 0
| PC |

76543210
EXR* |T|—|—|—[-[12]i]i0]

76543210
ccr|1|ulH|U|N|zZ]v|c]

Legend:

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

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

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

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

Note: * Does not affect operation in the H8S/2138 Group and H8S/2134 Group.

Figure2.7 CPU Registers
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242 General Registers

The 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 a data
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-hit 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). These registers are functionally equivalent, providing a maximum of 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 of sixteen 8-
bit registers.

Figure 2.8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

« Address registers

« 32-bit registers « 16-bit registers  8-hit registers
E registers (extended registers)
(EO to E7)

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

(RO to R7)
RL registers
(ROL to R7L)

Figure2.8 Usageof General Registers

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 2.9 shows the
stack.
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Free area

SP (ER7) —»]

Stack area

/\_/

Figure2.9 Stack

24.3 Control Registers

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

(1) Program Counter (PC)

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

(2) Extended Control Register (EXR)

An 8-hit register. In the H8S/2138 Group and H8S/2134 Group, this register does not affect
operation.

Bit 7—TraceBit (T): Thisbit isreserved. In the H85/2138 Group and H8S/2134 Group, this bit
does not affect operation.

Bits 6 to 3—Reserved: These bits are reserved. They are alwaysread as 1.

Bits 2 to O—Interrupt Mask Bits (12 to 10): These bits are reserved. In the H8S/2138 Group and
H8S/2134 Group, these bits do not affect operation.
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(3) 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.

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. (NM1 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.

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

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to 0 otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

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

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

Bit 0—Carry Flag (C): Set to 1 when acarry occurs, and cleared to 0 otherwise. Used by:

e Addingtructions, to indicate a carry
» Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to store the carry

The carry flag is also used as a bit accumulator by bit-manipul ation instructions.

Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to appendix A.1, Instruction.
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Operations can be performed on the CCR bhits 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.

2.4.4 Initial Register Values

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 For mats
The CPU can process 1-hit, 4-bit (BCD), 8-hit (byte), 16-hit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn(n=0, 1, 2, ..., 7) of byte

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

251 General Register Data For mats

Figure 2.10 shows the data formats in genera registers.

Data Type General Register Data Format
1-bit data R 7 0
[7l6]s[]3]2[1]o|  Domtcare
1-bit data R
_______ Dontcare  |7]6]5|4]3[2]1]0]
4-bit BCD data RnH 7 43 0
|Upper digit|Lower digit|  Don'tcare
4-bit BCD data rRoL 7 43 0
_______ D ont care | Upper digit|Lower digit|
Byte data RnH 7 0O
T TT 1] oontear
MSB Lsg T
Byte data rRo 7 0
Don't care |
""""""""""" MSB LSB

Figure2.10 General Register Data For mats
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Data Type General Register Data Format

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

31 16 15 0
MSB En Rn LSB
Legend:

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

Figure2.10 General Register Data Formats (cont)
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25.2 Memory Data For mats

Figure 2.11 shows the data formats in memory. The CPU can access word data and longword data
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significant
bit of the addressis regarded as O, so the access starts at the preceding address. This also appliesto

instruction fetches.

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

Data Format

7 0
71651413 |2|1/|0
MSB © . 1 1 i ILSB

MSB, i r i
iLSB

MSB ¢
'LSB

Figure2.11 Memory Data Formats

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

size or longword size.
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2.6 I nstruction Set

2.6.1 Overview

The H85/2000 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 BWL 5
POP™!, PUSH** WL
LDM*®, STM*® L
MOVFPE*®, MOVTPE™*® B
Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS™ B
Logic operations AND, OR, XOR, NOT BWL
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
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 types
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 the H8S/2138 Group or H8S/2134 Group.

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

rpwbN
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26.2 Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8S/2000 CPU
can use.

Table2.2 Combinationsof Instructions and Addressing M odes

Addressing Modes
+
=
Function Instruction & & @ C Q ©
© o c © < N Q. o s
g ! ® @ ® s N NS o — s
x| c|lw 2|2 Y 8 &§| 8§23 2|0
#* 14 ® ® ® ® ® ® ® ® ® ® ® |
Data MOV BWL | BWL | BWL [ BWL [BWL [BWL| B |[BWL| — |BWL| — — — —
transfer  |pop, puSH — | - - -] = =] =] =] =] =] =] =] =] wL
mes™e | — | — | — | — | — | — | — | — | — | — | —|—] =11
MOVFPE™*?, — | - = | = = =] = B —_ o =1 =71 =
MOVTPE*!
Arithmetic | ADD, CMP BWL | BWL | — — — — — — — — — — _ _
operations [gyp WL | BWL| — — — — — — — — — — — —
ADDX, SUBX B B — — — — — — — — — — — _
ADDS, SUBS — L — — — — — — — — — — — _
INC, DEC — |BWL| — — — — — — — — — — _ _
DAA, DAS — B — — — — — — — — — — _ _
MULXU,DIVXU | — | BW | — — — — — — — — — — — _
MULXS, DIVXS | — | BW | — — — — — — — — — — _ _
NEG — |BWL| — — — — — — — — — — — —
EXTU, EXTS — | WL | — — — — — — — — — — — _
TAS™? — |- | B |- -] | =] == =] = =] ==
Logic AND, OR, XOR | BWL |BWL | — — — — — — — — — — — _
operations |NOT — |BWL| — — | = — — | — — | = — — | = —
Shift — |BWL| — — — — — — — — — — — —
Bit manipulation — B B — — — B B — B — — — —
Branch Bcc, BSR — — — — — — — — — — (@) @) — —
JMP, JSR — — — — — — — — O — — — e} —
RTS — — — — — — — — — — — — — o
System TRAPA — — — — — — — — — — — _ _ O
control RTE _ — _ — — — — — — — — — — e)
SLEEP — — — — — — — — — — — — — o
LDC B B w W w w — w — w — — — —
STC — B w W w w — w — w — — — —
ANDC, ORC, B — — — — — — — — — — — — _
XORC
NOP — — — — — — — — — — — — — o
Block data transfer — — | — — | — — — | = — | = — — | — | BW
Legend: B: Byte
W: Word
L: Longword
Notes: 1. Cannot be used in the H8S/2138 Group or H8S/2134 Group.
2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
3.  Only registers ERO to ER6 should be used when using the STM/LDM instruction.
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26.3 Table of Instructions Classified by Function

Table 2.3 summarizes the instructions in each functional category. The notation used in table 2.3
is defined below.

Operation Notation

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

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

(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

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

ad Logical AND

g Logical OR

ad Logical exclusive OR

- Move

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

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

Type Instruction Size**  Function

Data transfer 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 the H8S/2138 Group or H8S/2134
Group.

MOVTPE B Cannot be used in the H8S/2138 Group or H8S/2134
Group.

POP WiL @SP+ - Rn

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

PUSH Wi/L Rn - @-SP
Pushes a general register onto the stack.

PUSH.W Rn is identical to MOV.W Rn, @-SP.
PUSH.L ERn is identical to MOV.L ERn, @-SP.

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

Pushes two or more general registers onto the stack.

Rev. 4.00 Jun 06, 2006 page 45 of 1004
REJ09B0301-0400
RENESAS



Section 2 CPU

Type Instruction Size*™*  Function
Arithmetic ADD B/W/L Rd*Rs - Rd, Rdz%#MM - Rd
operations 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/W/L Rdz1 - 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 xRs - Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits - 16 bits or 16 bits x
16 bits - 32 bits.
MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits - 16 bits or 16 bits x
16 bits - 32 bits.
DIVXU B/W Rd + Rs - Rd

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

Type Instruction Size" Function
Arithmetic DIVXS B/W Rd+Rs - Rd
operations Performs signed division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
CMP B/W/L Rd-Rs, Rd-#IMM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR
bits according to the result.
NEG B/W/IL 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.
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Type Instruction Size*™*  Function
Logic AND B/W/L RdORs - Rd, RdO#IMM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT B/W/L - (Rd) - (Rd)
Takes the one's complement (logical complement) of
general register contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
A 1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
A 1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) -~ Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.
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1

Type Instruction Size* Function

Bit- BSET B 1 - (<bit-No.> of <EAd>)

manipulation Sets a specified bit in a general register or memory

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

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

BOR B C 0 (<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 [~ (<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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1

Type Instruction Size* Function
Bit- BXOR B C O (<bit-No.> of <EAd>) - C
manipulation Exclusive-ORs the carry flag with a specified bit in a
instructions general register or memory operand and stores the
result in the carry flag.
BIXOR B C O [- (<bit-No.> of <EAd>)] - C

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

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

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

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

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

BIST B - C - (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a
specified bit in a general register or memory operand.
The bit number is specified by 3-bit immediate data.
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Type Instruction Size*™  Function
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High cOoz=0
BLS Low or same chz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) Cc=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOvV=1
BGT Greater than ZONDOV)=0
BLE Less or equal ZONOV)=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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Type Instruction

Size™*

Function

System TRAPA

Starts trap-instruction exception handling.

_control _ RTE
instructions

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

LDC

B/W

(EAs) - CCR, (EAs) - EXR

Moves contents of a general register or memory 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 hits 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

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

CCR O #IMM - CCR, EXR 0O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.
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Type Instruction Size*™  Function
Block data EEPMOQOV.B — if R4L # 0 then
transfer Repeat @ER5+ -~ @ERG6+
instructions R4L-1 - R4L
UntilR4L =0
else next;
EEPMOV.W — if R4 # 0 then
Repeat @ER5+ -~ @ERG6+
R4-1 - R4
UntiiR4=0
else next;

Block transfer instruction. Transfers the number of data
bytes specified by R4L or R4 from locations starting at
the address indicated by ER5 to locations starting at the
address indicated by ER6. After the transfer, the next
instruction is executed.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L: Longword

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

264 Basic I nstruction For mats

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

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

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

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or adisplacement.

Condition Field: Specifiesthe branching condition of Bcc instructions.
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Figure 2.12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op n 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

Figure2.12 Instruction Formats (Examples)

265 Notes on Use of Bit-Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, carry out bit
mani pulation, then write back the byte of data. Caution is therefore required when using these
instructions on aregister containing write-only hits, or a port.

The BCLR instruction can be used to clear internal 1/0 register flagsto 0. In this case, the relevant
flag need not be read beforehand if it is clear that it has been set to 1 in an interrupt handling
routine, etc.
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2.7 Addressing Modes and Effective Address Calculation

271 Addressing M ode

The CPU supports the eight addressing modes listed in table 2.4. Each instruction uses a subset of
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit-manipulation instructions use register direct, register indirect, or
absolute 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.

Table2.4 Addressing Modes

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

Register Direct—Rn: The register field of the instruction code specifies an 8-, 16-, or 32-hit
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-bit registers. ERO to ER7 can be specified
as 32-bit registers.

Register Indirect—@ERnN: The register field of the instruction code specifies an address register
(ERn) which contains the address of the operand in memory. If the addressis a program
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

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 amemory operand. A 16-hit
displacement is sign-extended when added.
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Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn:

* Register indirect with post-increment— @ERN+
The register field of the instruction code specifies an address register (ERn) which contains the
address of amemory operand. After the operand is accessed, 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 access, or 4 for longword access. For word or longword access, the register
value should be even.

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

Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa: 32: The instruction code contains the
absolute address of amemory operand. The absolute address may be 8 bits long (@aa:8), 16 bits
long (@aa:16), 24 bitslong (@aa:24), or 32 bitslong (@aa:32).

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-hit 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).

Table 2.5 indicates the accessible absolute address ranges.

Table25 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'FFO0O0 to H'FFFF H'FFFFOO0 to H'FFFFFF
16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction 24 bits (@aa:24)
address
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Immediate—#xx: 8, #xx: 16, or #xx:32: The instruction contains 8-bit (#xx:8), 16-hit (#xx:16), or
32-hit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit

mani pulation 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.

Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismode isused 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 bits of this branch
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes (—16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.

Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to be O,
so the address range is 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 bitslong. In advanced mode the memory operand is a longword operand, the first byte of
which is assumed to be all 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.

J\ J\

ified — R d
,,,,, Branch address -] Specmed ,,,,,,,,,,,,,(?,S,e,ryg,,,,,,,,,,,,

by @aa:8

Specified —
by @aa:8

(@) Normal Mode (b) Advanced Mode

Figure2.13 Branch Address Specification in Memory Indirect Mode
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If an odd addressis 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 an instruction code to be
fetched at the address preceding the specified address. (For further information, see section 2.5.2,
Memory Data Formats.)

2.7.2 Effective Address Calculation

Table 2.6 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.
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Table2.6 Effective Address Calculation

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address (EA)
1 Register direct (Rn) Operand is general register
contents.
op |(rm|rm
2 Register indirect (@ERN)
31 0 31 2423 0
‘ »  General register contents »| Don't
care
op r
3 Register indirect with displacement
@(d:16, ERn) or @(d:32, ERn)
31 0
»  General register contents
31 2423 0
. Don't
o disp care
31 0
Sign extension disp
4 Register indirect with post-increment or pre-decrement
* Register indirect with post-increment @ERN+
31 0 31 2423 0
. Don't
»  General register contents > Care
7y
op | r Tt
1,2, 0r
4
« Register indirect with pre-decrement @-ERn
31 0
»  General register contents
—l 31 2423 0
X
Don't
T SO e
Operand | Value j
Size | Added | |1 31' or
Byte 1
Word 2

Longword 4
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address (EA)
5 Absolute address
@aa:8 31 2423 87 0
Don't X
op | abs care H'FFFF
| f
@aa:16
31 2423 1615 0
f Sign
Don't
b: exten-
o abs Care | “sion
@aa:24
31 2423 0
op abs Egp,;
@aa:32
op 31 2423 0
Don't
abs care
6 Immediate #xx:8/#xx:16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative

@(d:8, PC)/@(d:16, PC)

23
PC contents
op disp 23
Sign
exten- disp
sion

31 2423 v 0

Don't
care
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address (EA)
8 Memory indirect @ @aa:8

*« Normal mode

op abs

31 87y O
H'000000 abs 31 2423 1615 0
Don't ,
care | H'00
15 0
Memory
contents
¢ Advanced mode
op abs
31 87 y 0
H'000000 abs
31 0 31 2423 0
Don't
Memory contents care
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2.8 Processing States

2.8.1 Overview

The CPU has five main processing states: the reset state, exception-handling state, program
execution state, bus-released state, and power-down state. Figure 2.14 shows a diagram of the
processing states. Figure 2.15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

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

Sleep mode

Power-down state Software standby

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
sub-active mode, sub-sleep mode, and watch mode.

Figure2.14 Processing States
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End of bus request

Bus request

Y

End of bus
request

Bus-released state

Exception-hand

4

RES = high

End of
exception
handling

ling state

Program execution
state SLEEP
instruction
SLEEP with
Eelasuest instruction \_ LSON =0,
with SSBY =0
LSON =0,
PSS =0,
SSBY =1
Request for ‘ Y
exception |
handling Sleep mode
Interrupt
request

External interrupt

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.
3. The power-down state also includes a watch mode, subactive mode, subsleep mode, etc. For details,
refer to section 24, Power-Down State.

2.8.2 Reset State

Figure2.15 State Transitions

When the RES input goes low all current processing stops and the CPU enters the reset state. Al
interrupts are disabled in the reset state. Reset exception handling starts when the RES signal
changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details, refer to section 14,

Watchdog Timer.

Rev. 4.00 Jun 06, 2006 page 63 of 1004

RENESAS

REJ09B0301-0400




Section 2 CPU

283 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to areset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.7 indicates the types of exception handling and their
priority. Trap instruction exception handling is always accepted in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SY SCR.

Table2.7 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling

High Reset Synchronized with clock  Exception handling starts

4 immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence™* current exception-handling

sequence.

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

Low executed.”?

Notes: 1. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

2. Trap instruction exception handling is always accepted in the program execution state.

Reset Exception Handling: After the RES pin has gone low and the reset state has been entered,
when RES goes high again, reset exception handling starts. When reset exception handling starts
the CPU fetches a start address (vector) from the exception vector table and starts program
execution from that address. All interrupts, including NM|, are disabled during reset exception
handling and after it ends.

Interrupt Exception Handling and Trap Instruction Exception Handling: When interrupt or
trap-instruction exception handling begins, the CPU references the stack pointer (ER7) and pushes
the program counter and other control registers onto the stack. Next, the CPU alters the settings of
the interrupt mask bits in the control registers. Then the CPU fetches a start address (vector) from
the exception vector table and program execution starts from that start address.
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Figure 2.16 shows the stack after exception handling ends.

Normal mode Advanced mode
SP— CCR SP— CCR
*
CCR - PC o
pC (24 bits)
(16 bits)

Note: * Ignored when returning.

Figure2.16 Stack Structure after Exception Handling (Examples)

284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.85 Bus-Released State

Thisis astate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the bus is released, the CPU halts except for internal operations.

There is one other bus master in addition to the CPU: the data transfer controller (DTC).

For further details, refer to section 6, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep mode, and watch mode. There are also
three other power-down modes: medium-speed mode, module stop mode, and subactive mode. In
medium-speed mode, the CPU and other bus masters operate on a medium-speed clock. Module
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stop mode permits halting of the operation of individual modules, other than the CPU. Subactive
mode, subsleep mode, and watch mode are power-down modes that use subclock input. For
details, refer to section 24, Power-Down State.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
software standby bit (SSBY) in the standby control register (SBY CR) and the L SON bit in the
low-power control register (LPWRCR) are both cleared to 0. In sleep mode, CPU operations stop
immediately after execution of the SLEEP instruction. The contents of CPU registers are retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBY CR is set to 1 and the LSON bit in LPWRCR
and the PSS hit in the WDT1 timer control/status register (TCSR) are both cleared to 0. In
software standby mode, the CPU and clock halt and all MCU operations stop. Aslong asa
specified voltage is supplied, the contents of CPU registers and on-chip RAM are retained. The
I/O ports also remain in their existing states.

Hardwar e Standby Mode: A transition to hardware standby mode is made when the STBY pin
goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop. The
on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip RAM
contents are retained.

29 Basic Timing

29.1 Overview

The CPU isdriven by a system clock, denoted by the symbol ¢. The period from one rising 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 supporting modules,
and the external address space.

292 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data busis 16 bits wide, permitting both byte and
word transfer instruction. Figure 2.17 shows the on-chip memory access cycle. Figure 2.18 shows
the pin states.
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! Bus cycle !

Internal address bus X Address X
Internal read signal A\ y/
Read ! !
access ‘ 1
Internal data bus ‘ < Read data >—
_ Internal write signal "\ Y/
Write ! !
access |

Internal data bus

e

Write data >—

Figure2.17 On-Chip Memory Access Cycle

Bus cycle

Address bus Unchanged
AS High
RD High
WR High
Data bus High impedance
Figure2.18 Pin Statesduring On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data busis either 8 bits or 16 bits
wide, depending on the particular internal 1/O register being accessed. Figure 2.19 shows the
access timing for the on-chip supporting modules. Figure 2.20 shows the pin states.

L Bus cycle N
| Tl ! T2 |
Internal address bus >< Address

Internal read signal 3\ /

Read 3 3

access ! / \
Internal data bus : \ Read data >—
Internal write signal 1 \ 3/

Write |

access ! : 3
Internal data bus 1 < Write data >—

Figure2.19 On-Chip Supporting Module Access Cycle
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Bus cycle

Address bus Unchanged
AS Hijgh
RD Hi:gh
WR Hijgh :

Data bus

High impedance

Figure2.20 Pin Statesduring On-Chip Supporting M odule Access

294 External Address Space Access Timing

The external address space is accessed with an 8-hit 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 6,
Bus Controller.
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210 Usage Note

2.10.1 TASInstruction

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

2.10.2 STM/LDM Instruction

ER7 is not used as the register that can be saved (STM)/restored (LDM) when using STM/LDM
instruction, because ER7 is the stack pointer. Two, three, or four registers can be saved/restored by
one STM/LDM instruction. The following ranges can be specified in the register list.

Two registers: ERO-ER1, ER2—ER3, or ER4-ER5
Threeregisters: ERO-ER2, or ER4-ER6
Four registers:.  ERO-ER3

The STM/LDM instruction including ER7 is not generated by the Renesas H8S and H8/300 series
C/C++ compilers.
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Section 3 MCU Operating Modes

31 Overview

311 Operating M ode Selection

The H85/2138 Group and H8S/2134 Group have three operating modes (modes 1 to 3). These
modes enabl e selection of the CPU operating mode and enabling/disabling of on-chip ROM, by
setting the mode pins (MD1 and MDO).

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating Mode Selection

MCU CPU

Operating Operating On-Chip

Mode MD1 MDO Mode Description ROM

0 0 0 — — —

1 1 Normal Expanded mode with on-chip ROM disabled Disabled

2 1 0 Advanced Expanded mode with on-chip ROM enabled Enabled
Single-chip mode

3 1 Normal Expanded mode with on-chip ROM enabled

Single-chip mode

The CPU’ s architecture allows for 4 Gbytes of address space, but the H8S/2138 Group and
H8S5/2134 Group actually access a maximum of 16 Mbytes. However, as there are 16 external
address output pins, advanced mode is enabled only in single-chip mode or in expanded mode
with on-chip ROM enabled when a specific areain the external address space is accessed using
I0S. The external data bus width is 8 bits.

Mode 1 is an externally expanded mode that allows access to external memory and peripheral
devices. With modes 2 and 3, operation beginsin single-chip mode after reset release, but a
transition can be made to external expansion mode by setting the EXPE bit in MDCR.

The H85/2138 Group and H85/2134 Group can only be used in modes 1 to 3. These means that
the mode pins must select one of these modes. Do not changes the inputs at the mode pins during
operation.
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312 Register Configuration

The H85/2138 Group and H8S/2134 Group have a mode control register (MDCR) that indicates
the inputs at the mode pins (MD1 and MDO), a system control register (SY SCR) and bus control
register (BCR) that control the operation of the MCU, and a serial timer control register (STCR)
that controls the operation of the supporting modules. Table 3.2 summarizes these registers.

Table3.2 MCU Registers

Name Abbreviation R/W Initial Value Address”
Mode control register MDCR R/W Undetermined H'FFC5
System control register SYSCR R/W H'09 H'FFC4
Bus control register BCR R/W H'D7 H'FFC6
Serial timer control register STCR R/W H'00 H'FFC3
Note: * Lower 16 bits of the address.
32 Register Descriptions
321 Mode Control Register (MDCR)
Bit 7 6 5 4 2 1 0
| EXPE | — | — | — — | — | MDS1 | MDSO0 ‘
Initial value —* 0 0 0 0 —* —*
Read/Write R/W* — — — — — R R

Note: * Determined by pins MD1 and MDO.

MDCR is an 8-hit read-only register that indicates the operating mode setting and the current

operating mode of the MCU.

The EXPE bit isinitialized in coordination with the mode pin states by areset and in hardware

standby mode.
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Bit 7—Expanded M ode Enable (EXPE): Sets expanded mode. In mode 1, thishit isfixed at 1
and cannot be modified. In modes 2 and 3, this bit has an initia value of 0, and can be read and
written.

Bit 7

EXPE Description

0 Single chip mode is selected
1 Expanded mode is selected

Bits 6 to 2—Reser ved: These bits cannot be modified and are always read as 0.

Bits 1 and 0—Mode Select 1 and 0 (MDSL1, MDS0): These bitsindicate theinput levels at pins
MD1 and MDO (the current operating mode). Bits MDS1 and MDS0 correspond to MD1 and
MDO. MDS1 and MDSO are read-only bits—they cannot be written to. The mode pin (MD1 and
MDO) input levels are latched into these bits when MDCR isread.

322 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

| CS2E | IOSE | INTM1 | INTMO | XRST | NMIEG | HIE | RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R R/W R R/W R/W R/W

SY SCR is an 8-bit readable/writable register that performs selection of system pin functions, reset
source monitoring, interrupt control mode selection, NMI detected edge selection, supporting
module pin location selection, supporting module register access control, and RAM address space
control.

Only hits 7, 6, 3, 1, and O are described here. For a detailed description of these bits, refer also to
the description of the relevant modules (host interface, bus controller, watchdog timer, RAM,
etc.). For information on bits 5, 4, and 2, see section 5.2.1, System Control Register (SY SCR).

SYSCRiisinitialized to H'09 by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Bit 7—Chip Select 2 Enable (CS2E): Specifiesthe location of the host interface control pin
(CS2). For details, see section 17, Host Interface. The H85/2134 Group does not incorporate a
host interface, so do not set this bit to 1 in the H8S/2134 Group.
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Bit 6—IOS Enable (IOSE): Controls the function of the AS/IOS pin in expanded mode.

Bit 6
IOSE Description
0 The AS/IOS pin functions as the address strobe pin (AS)
(Low output when accessing an external area) (Initial value)
1 The AS/IOS pin functions as the I/O strobe pin (I0S)

(Low output when accessing a specified address from H'(FF)F000 to H'(FF)FE4F)*

Note: * Inthe H8S/2138 F-ZTAT A-mask version, the address range is from H'(FF)F000 to
H'(FF)F7FF.

Bit 3—External Reset (XRST): Indicates the reset source. When the watchdog timer is used, a
reset can be generated by watchdog timer overflow aswell as by external reset input. XRST isa
read-only bit. It isset to 1 by an external reset and cleared to 0 by watchdog timer overflow.

Bit 3

XRST Description

0 A reset is generated by watchdog timer overflow

1 A reset is generated by an external reset (Initial value)

Bit 1—Host Interface Enable (HIE): Thisbit controls CPU access to the host interface data
registers and control registers (HICR, IDR1, ODR1, STR1, IDR2, ODR2, and STR2), the
keyboard controller and MOS input pull-up control registers (KMIMR and KMPCR), the 8-hit
timer (channel X and Y) dataregisters and control registers (TCRX/TCRY, TCSRX/TCSRY,
TICRR/TCORAY, TICRF/TCORBY, TCNTX/TCNTY, TCORC/TISR, TCORAX, and
TCORBX), and the timer connection control registers (TCONRI, TCONRO, TCONRS, and
SEDGR).

Bit 1

HIE Description

0 In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC to H'(FF)FFFF, CPU access to 8-
bit timer (channel X and Y) data registers and control registers, and timer connection
control registers, is permitted (Initial value)

1 In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC to H'(FF)FFFF, CPU access to

host interface data registers and control registers, and keyboard controller and MOS
input pull-up control registers, is permitted
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Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized when the reset state is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

323 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
| ICIS1 | ICISO |BRSTRM| BRSTSl| BRSTSO| — | 10S1 | 10S0 ‘
Initial value 1 1 0 1 0 1 1 1

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

BCR is an 8-hit readable/writable register that specifies the external memory space access mode,
and the 1/O arearange when the AS pin is designated for use as the 1/O strobe. For details on bits 7
to 2, see section 6.2.1, Bus Control Register (BCR).

BCRisinitialized to H'D7 by areset and in hardware standby mode.

Bits1 and 0—IOS Select 1 and 0 (10SL, 10S0): These bits specify the addresses for which the
AS/IOS pin output goes low when |OSE = 1.

BCR
Bit 1 Bit 0
I0S1 10S0 Description
0 0 The AS/IOS pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)FO3F
1 The AS/IOS pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)FOFF
1 0 The AS/IOS pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)F3FF
1 The AS/IOS pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)FE4F" (Initial value)
Note: * Inthe H8S/2138 F-ZTAT A-mask version, the address range is from H'(FF)F000 to
H'(FF)F7FF.
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324 Serial Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
| — | IICX1 | IICX0 | IICE |FLSHE| — | ICKS1 | ICKSO0 ‘
Initial value 0 0 0 0 0 0 0 0

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

STCRisan 8-bit readable/writable register that controls register access, the |1C operating mode
(when the on-chip I1C option isincluded), an on-chip flash memory control (in F-ZTAT versions),
and also selectsthe TCNT input clock. For details of functions other than register access control,
see the descriptions of the relevant modules. If amodule controlled by STCR is not used, do not
write 1 to the corresponding bit.

STCRisinitialized to H'00 by areset and in hardware standby mode.
Bit 7—Reserved: Do not write 1 to this bit.

Bits 6 and 5—I°C Transfer Select (I11CX1, 11CX0): These bits control the operation of the I°C
bus interface when the on-chip I1C option isincluded. For details, see section 16.2.7, Seria Timer
Control Register (STCR).

Bit 4—I°C Master Enable (11 CE): Controls CPU access to the I°C bus interface data registers
and control registers (ICCR, ICSR, ICDR/SARX, and ICMR/SAR), the PWM X data registers and
control registers (DADRAH/DACR, DADRAL, DADRBH/DACNTH, and DADRBL/DACNTL),
and the SCI control registers (SMR, BRR, and SCMR).
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Bit 4
IICE

Description

Addresses H'(FF)FF88 and H'(FF)FF89, and H'(FF)FF8E and H'(FF)FF8F, are used
for SCI1 control register access (Initial value)

Addresses H'(FF)FFAO and H'(FF)FFAL, and H'(FF)FFA6 and H'(FF)FFA7, are used
for SCI2 control register access

Addresses H'(FF)FFD8 and H'(FF)FFD9, and H'(FF)FFDE and H'(FF)FFDF, are used
for SCIO control register access

Addresses H'(FF)FF88 and H'(FF)FF89, and H'(FF)FF8E and H'(FF)FF8F, are used
for [IC1 data register and control register access

Addresses H'(FF)FFAO and H'(FF)FFAL, and H'(FF)FFA6 and H'(FF)FFA7, are used
for PWMX data register and control register access

Addresses H'(FF)FFD8 and H'(FF)FFD9, and H'(FF)FFDE and H'(FF)FFDF, are used
for 1ICO data register and control register access

Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU access to the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR2), the power-down mode control
registers (SBY CR, LPWRCR, MSTPCRH, and MSTPCRL ), and the supporting module control

registers (PCSR and SY SCR2).

Bit 3

FLSHE Description

0 Addresses H'(FF)FF80 to H'(FF)FF87 are used for power-down mode control register

and supporting module control register access (Initial value)

Addresses H'(FF)FF80 to H'(FF)FF87 are used for flash memory control register
access (F-ZTAT version only)

Bit 2—Reserved: Do not write 1 to this bit.

Bits 1 and O—Internal Clock Select 1 and 0 (ICK S1, ICK S0): These bits, together with bits
CKS21to CKS0in TCR, select the clock to beinput to TCNT. For details, see section 12.2.4,
Timer Control Register (TCR).
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3.3 Operating Mode Descriptions

331 Mode 1
The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM s disabled.

Ports 1 and 2 function as an address bus, port 3 function as a data bus, and part of port 9 carries
bus control signals.

3.3.2 Mode 2

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
After areset, single-chip mode is set, and the EXPE bit in MDCR must be set to 1 in order to use
external addresses. However, as these groups have a maximum of 16 address outputs, an external
address can be specified correctly only when the 1/0 strobe function of the AS/IOS pin is used.

When the EXPE bitin MDCR is set to 1, ports 1 and 2 function as input ports after areset. They
can be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port 3 function as a data bus, and part of port 9 carries bus control signals.

3.3.3 Mode 3

The CPU can access a 64-kbyte address space in normal mode. The on-chip ROM is enabled.
After areset, single-chip modeis set, and the EXPE bit in MDCR must be set to 1 in order to use
external addresses.

When the EXPE bitin MDCR is set to 1, ports 1 and 2 function as input ports after areset. They
can be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port 3 function as a data bus, and part of port 9 carries bus control signals.

In products with an on-chip ROM capacity of 64 kbytes or more, the amount of on-chip ROM that
can be used is limited to 56 kbytes.
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34 Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 3, and 9 vary depending on the operating mode. Table 3.3 shows
their functions in each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2 Mode 3

Port 1 A P*IA P*IA

Port 2 A P*IA P*IA

Port 3 D P*/D P*/D

Port 9 P97 P*/C P*/C P*/C
P96 c*ip P*/C P*/C
P95 to P93 C P*IC P*IC
P92 to P90 P P P

Legend:

P: 1/0O port

A: Address bus output

D: Data bus I/O

C: Control signals, clock 110

*

After reset

35 Memory Map in Each Operating M ode
Figures 3.1 to 3.4 show memory maps for each of the operating modes.

The address space is 64 kbytesin modes 1 and 3 (normal modes), and 16 Mbytes in mode 2
(advanced mode).

The on-chip ROM capacity is 32 kbytes (H852130), 64 kbytes (H852132 and H85/2137), 96
kbytes (H85/2133), or 128 kbytes (H85/2134 and H85/2138), but for products with an on-chip
ROM capacity of 64 kbytes or more, the amount of on-chip ROM that can be used is limited to 56
kbytes in mode 3 (normal mode). Do not access the reserved area and addresses of modules not
supported by the product. Note that normal operation is not guaranteed when these regions are
accessed.

For details, see section 6, Bus Controller.
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0
(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
HEE,S:,Q Internal I/O registers 2 HEEE& Internal 1/O registers 2 HEE,S:E Internal 1/O registers 2
H'FFO0 On-chip RAM H'FFO0 On-chip RAM H'FFO0 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 . H'FF80 .
HEEEF Internal 1/O registers 1 H'EEEF Internal 1/0 registers 1 HEFEF Internal 1/O registers 1

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

Figure3.1 H8S/2138 (Except for F-ZTAT A-Mask Version) and H85/2134 Memory Map in
Each Operating Mode
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Mode 2/EXPE =1
(advanced expanded mode
with on-chip ROM enabled)

H'000000

HOLFFFF

On-chip ROM

H'020000 | External address |

space*2

H'FFE080

HFFEFFF

On-chip RAM*1

External acidress
space*?

H'FFFE50
H'FFFEFF

Internal 1/O registers 2

H'FFFFO0
H'FFFF7F

On-chip RAM
(128 bytes)*1

H'FFFF80
HFFFFFF

Internal 1/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. For these models, the maximum number of external address pins is 16. An external address can

Mode 2/EXPE = 0

(advanced single-chip mode)

H'000000

On-chip ROM
H'O1FFFF
H'FFE080

On-chip RAM
H'FFEFFF
:EEEEISZIOZ Internal /O registers 2
H'FFFFO0 On-chip RAM
H'FFFF7F (128 bytes)
H'FFFF80 .
H'EEFEEE Internal I/O registers 1

only be specified correctly for an area that uses the 1/O strobe function.

Figure3.1 H8S/2138 (Except for F-ZTAT A-Mask Version) and H85/2134 Memory Map in
Each Operating M ode (cont)
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Mode 1 Mode 3/EXPE = 1 Mode 3/EXPE =0
(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
H'F800 H'F800
H'EE4F Reserved area H'FE4F Reserved area
EEEE& Internal 1/O registers 2 EEEE,O: Internal 1/O registers 2 EEE,S:E Internal 1/O registers 2
H'FF00 On-chip RAM H'FF00 On-chip RAM H'FF00 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 . H'FF80 ! H'FF80 .
HEFER Internal I/O registers 1 HEEER Internal 1/O registers 1 HEFER Internal 1/O registers 1

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

Figure3.2 H8S/2138 F-ZTAT A-Mask Version Memory Map in Each Operating Mode
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Mo

de 2/[EXPE =1

(advanced expanded mode

with on-

chip ROM enabled)

H'000000

H'O1FFFF

On-chip ROM

H'020000 |

| External address _]
space*2 7

)]

H'FFE080

HFFEFFF

On-chip RAM*1

External ad*dress
space*?

H'FFF800
H'FFFE4F

Reserved area

H'FFFE50
H'FFFEFF

Internal 1/O registers 2

H'FFFF00
H'FFFF7F
H'FFFF80

On-chip RAM
(128 bytes)*!

Internal 1/O registers 1

H'FFFFFF

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Mode 2/EXPE =0
(advanced single-chip mode)

H'000000

H'O1FFFF

H'FFE080

H'FFEFFF

H'FFFE50
H'FFFEFF
H'FFFFQ0
HFFFF7F
H'FFFF80
H'FFFFFF

On-chip ROM

On-chip RAM

Internal 1/O registers 2

On-chip RAM
(128 bytes)

Internal 1/O registers 1

2. For these models, the maximum number of external address pins is 16. An external address can
only be specified correctly for an area that uses the 1/O strobe function.

Figure3.2 H8S/2138 F-ZTAT A-Mask Version Memory Map in Each Operating Mode
(cont)
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0
(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
HEEE& Internal I/O registers 2 HEEE& Internal 1/O registers 2 HEEE& Internal 1/O registers 2
H'FFO0 On-chip RAM H'FFO0 On-chip RAM H'FFO0 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 . H'FF80 .
HEEEF Internal I/O registers 1 H'EEEF Internal 1/O registers 1 HEFEF Internal 1/O registers 1

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

Figure3.3 H8S/2133 Memory Map in Each Operating Mode
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Operating Modes

Mode 2/EXPE =1
(advanced expanded mode
with on-chip ROM enabled)

H'000000

On-chip ROM
H'017FFF

Reserved area
H'O1FFFF
H'020000 | External address _|

1 space*2 T

H'FFE080

On-chip RAM*1
H'FFEFFF

External address

space*?

HEEEEE& Internal 1/O registers 2
H'FFFFO0 On-chip RAM
H'FFFF7F (128 bytes)*1
H'FFFF80 .
H'EFFFFF Internal I/O registers 1

Mode 2/EXPE =0
(advanced single-chip mode)

H'000000

H'017FFF

H'O1FFFF

H'FFEO80

H'FFEFFF

H'FFFE50
H'FFFEFF
H'FFFF00
HFFFF7F
H'FFFF80
H'FFFFFF

On-chip ROM

Reserved area

On-chip RAM

Internal 1/O registers 2

On-chip RAM
(128 bytes)

Internal 1/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

2. For these models, the maximum number of external address pins is 16. An external address can

only be specified correctly for an area that uses the 1/O strobe function.

Figure3.3 H8S/2133 Memory Map in Each Operating M ode (cont)
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Section 3 MCU Operating Modes

Mode 1

(normal expanded mode

with on-chip ROM disabled)

H'0000

H'E080

H'E880
HEFFF

H'FE50
HFEFF
H'FFO0
HFF7F
H'FF80
HFFFF

External address
space

Reserved area*

On-chip RAM*

External address
space

Internal I/O registers 2

On-chip RAM
(128 bytes)*

Internal I/O registers 1

(normal expanded mode
with on-chip ROM enabled)

Mode 3/EXPE =1

H'0000
On-chip ROM
H'DFFF
External address
space
H'E080
Reserved area®
H'E880 On-chip RAM*
H'EFFF
External address
space
HEEE& Internal I/O registers 2
H'FF00 On-chip RAM
H'FF7F (128 bytes)*
H'FF80 .
H'FFFF Internal I/O registers 1

Mode 3/EXPE =0
(normal single-chip mode)

H'0000

H'DFFF

H'E080

H'E880
HEFFF

HFE50
HFEFF
H'FFO0
HFF7F
H'FF80
HFFFF

On-chip ROM

Reserved area

On-chip RAM

Internal I/O registers 2

On-chip RAM
(128 bytes)

Internal 1/O registers 1

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

Figure3.4 H8S/2137 and H8S/2132 Memory Map in Each Operating M ode
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Section 3 MCU Operating Modes

Mode 2/EXPE =1
(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'OOFFFF

On-chip ROM

H'O1FFFF

Reserved area

H'020000 |

space*?

L External address =

H'FFEO80

Reserved area*!

H'FFE880
H'FFEFFF

On-chip RAM*1

External atidress
space*2

H'FFFE50
H'FFFEFF

Internal I/O registers 2

H'FFFFO0
HFFFF7F
HFFFF80

On-chip RAM
(128 bytes)*!

H'FFFFFF

Internal 1/O registers 1

Mode 2/EXPE =0

(advanced single-chip mode)

H'000000

H'0OFFFF

H'O1FFFF

H'FFE080

H'FFE880
HFFEFFF

H'FFFE50
H'FFFEFF
H'FFFF00
HFFFF7F
H'FFFF80
H'FFFFFF

On-chip ROM

Reserved area

Reserved area

On-chip RAM

Internal I/O registers 2

On-chip RAM
(128 bytes)

Internal 1/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

2. For these models, the maximum number of external address pins is 16. An external address can

only be specified correctly for an area that uses the 1/O strobe function.

Figure 3.4 H8S/2137 and H8S/2132 Memory Map in Each Operating M ode (cont)
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Section 3 MCU Operating Modes

Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0
(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
On-chip ROM On-chip ROM
External address
space H'7FFF H'7FFF
Reserved area Reserved area
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
Reserved area® Reserved area® Reserved area
H'E880 : * H'E880 : * H'E880 .
On-chip RAM On-chip RAM , On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
HEE,S:,Q Internal I/O registers 2 HEEE,@ Internal 1/O registers 2 HEE,S:E Internal 1/O registers 2
H'FFO0 On-chip RAM H'FFO0 On-chip RAM H'FFO0 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 . H'FF80 .
HEEEF Internal 1/O registers 1 H'EEEF Internal 1/0 registers 1 HEFEF Internal 1/O registers 1

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

Figure3.5 H8S/2130 Memory Map in Each Operating Mode
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Section 3 MCU Operating Modes

Mode 2/EXPE =1
(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'007FFF

On-chip ROM

H'O1FFFF

Reserved area

H'020000 |

| External address _|

space*?

)]

H'FFEO80

Reserved area*!

H'FFE880
H'FFEFFF

On-chip RAM*1

External aq‘dress
space*?

H'FFFE50
H'FFFEFF

Internal 1/O registers 2

H'FFFFO0
HFFFF7F

On-chip RAM
(128 bytes)*!

H'FFFF80
H'FFFFFF

Internal 1/O registers 1

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. For these models, the maximum number of external address pins is 16. An external address can

Mode 2/EXPE =0

(advanced single-chip mode)

H'000000

H'007FFF

H'O1FFFF

H'FFE080

H'FFE880
HFFEFFF

HFFFE50
H'FFFEFF
H'FFFF00
HFFFF7F
H'FFFF80
H'FFFFFF

On-chip ROM

Reserved area

Reserved area

On-chip RAM

Internal 1/O registers 2

On-chip RAM
(128 bytes)

Internal I/O registers 1

only be specified correctly for an area that uses the 1/O strobe function.

Figure3.5 H8S5/2130 Memory Map in Each Operating M ode (cont)
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Section 4 Exception Handling

41 Overview

41.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, direct transition, 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 exceptions are accepted at all timesin the program execution state.

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

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 pin, or when the watchdog timer overflows.
Trace Starts when execution of the current instruction or exception

handling ends, if the trace (T) bit is set to 1.
(Cannot be used with this LSI.)

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.**

Direct transition Started by a direct transition resulting from execution of a
SLEEP instruction.
Low Trap instruction (TRAPA)*? Started by execution of a trap instruction (TRAPA).

Notes: 1. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.
2. Trap instruction exception handling requests are accepted at all times in the program
execution state.
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4.1.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. The program counter (PC) and condition-code register (CCR) are pushed onto the stack.
2. Theinterrupt mask bits are updated. The T bit is cleared to O.

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

For areset exception, steps 2 and 3 above are carried out.

413 Exception Sour ces and Vector Table

The exception sources are classified as shown in figure 4.1. Different vector addresses are
assigned to different exception sources.

Table 4.2 lists the exception sources and their vector addresses.

Reset

Trace (Cannot be used in the H8S/2138 Group or H8S/2134 Group)

External interrupts: NMI, IRQ7 to IRQO
Exception P Q Q

sources Interrupts Internal interrupts: interrupt sources in
on-chip supporting modules

Direct transition

Trap instruction

Figure4.1 Exception Sources
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Table 4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address™*

Normal Mode

Advanced Mode

Reset

Reserved for system use

Direct transition

External interrupt

NMI

Trap instruction (4 sources)

Reserved for system use

External interrupt

IRQO

IRQ1

IRQ2

IRQ3

IRQ4

IRQ5

IRQ6

IRQ7

Internal interrupt™?

0 H'0000 to H'0001 H'0000 to H'0003
1 H'0002 to H'0003 H'0004 to H'0007
2 H'0004 to H'0005 H'0008 to H'000B
3 H'0006 to H'0007 H'000C to H'000F
4 H'0008 to H'0009 H'0010 to H'0013
5 H'000A to H'000B H'0014 to H'0017
6 H'000C to H'000D H'0018 to H'001B
7 H'000E to H'000F H'001C to H'001F
8 H'0010 to H'0011 H'0020 to H'0023
9 H'0012 to H'0013 H'0024 to H'0027
10 H'0014 to H'0015 H'0028 to H'002B
11 H'0016 to H'0017 H'002C to H'002F
12 H'0018 to H'0019 H'0030 to H'0033
13 H'001A to H'001B H'0034 to H'0037
14 H'001C to H'001D H'0038 to H'003B
15 H'001E to H'001F H'003C to H'003F
16 H'0020 to H'0021 H'0040 to H'0043
17 H'0022 to H'0023 H'0044 to H'0047
18 H'0024 to H'0025 H'0048 to H'004B
19 H'0026 to H'0027 H'004C to H'004F
20 H'0028 to H'0029 H'0050 to H'0053
21 H'002A to H'002B H'0054 to H'0057
22 H'002C to H'002D H'0058 to H'005B
23 H'002E to H'002F H'005C to H'005F
24 H'0030 to H'0031 H'0060 to H'0063
1|03 H'00CE |'[0 H'OOCF  H'019C t|o H'019F

Notes: 1. Lower 16 bits of the address.
2. For details on internal interrupt vectors, see section 5.3.3, Interrupt Exception Vector

Table.
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4.2 Reset

421 Overview
A reset has the highest exception priority.

When the RES pin goes low, all processing halts and the MCU enters the reset state. A reset
initializes the interna state of the CPU and the registers of on-chip supporting modules.
Immediately after areset, interrupt control mode O is set.

Reset exception handling begins when the RES pin changes from low to high.

H8S5/2138 Group and H85/2134 Group MCUs can also be reset by overflow of the watchdog
timer. For details, see section 14, Watchdog Timer (WDT).

422 Reset Sequence
The MCU enters the reset state when the RES pin goes low.

To ensure that the chip isreset, hold the RES pin low for at least 20 ms when powering on. To
reset the chip during operation, hold the RES pin low for at least 20 states. For pin statesin areset,
see appendix D.1, Port States in Each Processing State.

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

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

[2] The reset exception vector addressis read and transferred to the PC, and program execution
starts from the address indicated by the PC.

Figures 4.2 and 4.3 show examples of the reset sequence.
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Section 4 Exception Handling

Fetch of
Vector Internal first program
fetch  processing instruction

| | | |
e~ |
| | | |

0 NN s s o
RES

Ie?ciggils bus >< ) >< ) >< ><:

Internal read !
signal 1 1

Internal write High

signal ‘
) (@) :

Lngrnal data — @ / {4 / D_

(1) Reset exception vector address ((1) = H'0000)

(2) Start address (contents of reset exception vector address)
(3) Start address ((3) = (2))

(4) First program instruction

Figure4.2 Reset Sequence (Mode 3)
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Fetch of
Internal first program

Vector fetch processing  instruction

- -

. nnfiAnnAnRRAnE

RES / : ‘ L

Address bus ! (1) >< @) ! >< ®) ><:
RD |_| _|
WA | TR |
D7 to DO {((2) ?; @ ?} (6)§

(1) (3) Reset exception vector address ((1) = H'0000, (3) = H'0001)
(2) (4) Start address (contents of reset exception vector address)
(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure 4.3 Reset Sequence (Mode 1)

4.2.3 Interrupts after Reset

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

Interrupt exception handling can be requested by nine external sources (NMI and IRQ7 to IRQO0)
from 17 input pins (NMI, IRQ7 to IRQO, and KIN7 to KINO), and internal sourcesin the on-chip
supporting modules. Figure 4.4 shows the interrupt sources and the number of interrupts of each
type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit free-running timer (FRT), 8-bit timer (TMR), serial communication interface (SCI), data
transfer controller (DTC) (only in the H8S/2138 Group), A/D converter (ADC), host interface
(HIF) (only in the H8S/2138 Group), and 1°C bus interface (option). Each interrupt source has a
separate vector address.

NMI isthe highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI and
address break to either three priority/mask levels to enable multiplexed interrupt control.

For details on interrupts, see section 5, Interrupt Controller.

External NMI (1)
interrupts IRQ7 to IRQO (8)

Interrupts WDT" (2)
FRT (7)

TMR (10)
Internal SCI (12)
interrupts DTC (1)

ADC (1)

HIF (2)

IIC (3) (option)
Other (1)

Note: Numbers in parentheses are the numbers of interrupt sources.
* When the watchdog timer is used as an interval timer, it generates an interrupt
request at each counter overflow.

Figure4.4 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

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

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

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

Table4.3 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12 to 10 T
0 1 — — —
1 1 1 — —
Legend:
1. Settol

0: Clearedto O
—: Retains value prior to execution.
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4.5 Stack Status after Exception Handling

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

\/\

SP —» CCR
CCR*
PC

(16 bits)

\/\

Interrupt control modes 0 and 1

Note: * Ignored on return.

Figure4.5(1) Stack Statusafter Exception Handling (Normal M ode)

SP—» CCR

,,,,,,,, PC [

\/\

Interrupt control modes 0 and 1

Note: * Ignored on return.

Figure4.5(2) Stack Statusafter Exception Handling (Advanced M ode)
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4.6 Notes on Use of the Stack

When accessing word data or longword data, the H8S/2138 Group or H85/2134 Group chip
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.WRn, @ SP)
PUSH.L ERn (or MOV.L ERn, @SP)

Use the following instructions to restore registers:

POP.W  Rn (or MOV. W @P+, Rn)
POP. L ERn  (or MOV.L @P+, ERn)

Setting SP to an odd value may lead to amalfunction. Figure 4.6 shows an example of what
happens when the SP value is odd.

CCR SP» R1L H'FFEFFA
SP-» H'FFEFFB
PC PC HFFEFFC
H'FFEFFD
sP»| | 1 ]
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFEFFF

TRAP instruction executed MOV.B R1L, @-ER7
—_— —_—

SP set to HFFFEFF  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.

Figure4.6 Operation When SP Valuels Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

H85/2138 Group and H85/2134 Group M CUs control interrupts by means of an interrupt
controller. The interrupt controller has the following features:

e Two interrupt control modes

O Either of two interrupt control modes can be set by means of the INTM1 and INTMO bits
in the system control register (SY SCR).

* Priorities settable with ICR

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

* Independent vector addresses

O All interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine.
» Fifteen external interrupt pins (nine external sources)
O NMI isthe highest-priority interrupt, and is accepted at all times. A rising or falling edge at
the NMI pin can be selected for the NMI interrupt.
0 Falling edge, rising edge, or both edge detection, or level sensing, at pins IRQ7 to IRQ0
can be selected for interrupts IRQ7 to IRQO.
0 TheIRQ6 interrupt is shared by the interrupt from the IRQ6 pin and eight external interrupt
inputs (KIN7 to KINO).
» DTC control
O DTC activation is controlled by means of interrupts.
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5.1.2 Block Diagram

A block diagram of the interrupt controller is shown in figure 5.1.

’ INTM1 INTMO CPU
SYSCR]
NMIEG
NMI input = NMI input unit Interrupt
request |
RQinput——— "Q Ilrg:?m i — Vector
number
ISCR IER Priority
determination
Internal interrupt I, Ul E
] R
requests
SWDTEND to lICI1

Interrupt controller

ICR

Legend:

ISCR:  IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

ICR: Interrupt control register

SYSCR: System control register

Figure5.1 Block Diagram of Interrupt Controller

5.1.3 Pin Configuration

Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Interrupt Controller Pins

Name Symbol I/0 Function

Nonmaskable interrupt ~ NMI Input Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt IRQ7 to IRQ0 Input Maskable external interrupts; rising, falling, or

requests 7 to 0

both edges, or level sensing, can be selected.

Key input interrupt KIN7 to KINO  Input
requests 7to 0

Maskable external interrupts: falling edge or
level sensing can be selected.
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514 Register Configuration
Table 5.2 summarizes the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address™*
System control register SYSCR R/W H'09 H'FFC4
IRQ sense control register H ISCRH R/W H'00 H'FEEC
IRQ sense control register L ISCRL R/W H'00 H'FEED
IRQ enable register IER R/W H'00 H'FFC2
IRQ status register ISR RI(W)*? H'00 H'FEEB
Keyboard matrix interrupt mask KMIMR R/W H'BF HFFF1**
register

Interrupt control register A ICRA R/W H'00 H'FEES8
Interrupt control register B ICRB R/W H'00 H'FEE9
Interrupt control register C ICRC R/W H'00 H'FEEA
Address break control register ABRKCR R/W H'00 H'FEF4
Break address register A BARA R/W H'00 H'FEF5
Break address register B BARB R/W H'00 H'FEF6
Break address register C BARC R/W H'00 H'FEF7

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, for flag clearing.

3. When setting KMIMR, the HIE bit in SYSCR must be set to 1, and also MSTP2 bit in
MSTPCRL must be set to 0.
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52 Register Descriptions

521 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

| CS2E | IOSE | INTM1 | INTMO | XRST |NMIEG | HIE | RAME |
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R R/W R R/W R/W R/W

SY SCR is an 8-hit readable/writable register of which bits 5, 4, and 2 select the interrupt control

mode and the detected edge for NMI.

Only hits 5, 4, and 2 are described here; for details on the other bits, see section 3.2.2, System
Control Register (SYSCR).

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

Bits5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTMO0): These bits select one of four
interrupt control modes for the interrupt controller. The INTM1 bit must not be set to 1.

Bit 5 Bit 4

Interrupt
INTM1 INTMO Control Mode  Description
0 0 0 Interrupts are controlled by | bit (Initial value)
1 1 Interrupts are controlled by | and Ul bits and ICR
1 0 2 Cannot be used in the H8S/2138 Group or H8S/2134 Group
1 3 Cannot be used in the H8S/2138 Group or H8S/2134 Group

Bit 2—NM | Edge Select (NMIEG): Selectsthe input edge for the NMI pin.

Bit 2

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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522 Interrupt Control Registers A to C (ICRA to ICRC)

Bit 7 6 5 4 3 2 1 0
| ICR7 | ICR6 | ICR5 | ICR4 | ICR3 | ICR2 | ICR1 | ICRO ‘
Initial value 0 0 0 0 0 0 0 0

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

The ICR registers are three 8-bit readable/writable registers that set the interrupt control level for
interrupts other than NM1 and address break.

The correspondence between ICR settings and interrupt sourcesis shown in table 5.3.
The ICR registers are initialized to H'00 by areset and in hardware standby mode.

Bit n—Interrupt Control Level (ICRn): Setsthe control level for the corresponding interrupt
source.

Bit n
ICRN Description
0 Corresponding interrupt source is control level O (non-priority) (Initial value)
1 Corresponding interrupt source is control level 1 (priority)
(n=7t00)
Table5.3 Correspondence between Interrupt Sourcesand | CR Settings
Bits
Register 7 6 5 4 3 2 1 0
ICRA IRQO IRQ1 IRQ2 IRQ4 IRQ6 DTC Watchdog Watchdog
IRQ3 IRQ5 IRQ7 timer0  timer 1
ICRB A/D Free- — — 8-bit 8-bit 8-bit HIF
converter running timer timer timer
timer channel 0 channel 1 channels
X, Y
ICRC SCI SCI SCI lc e — — —

channel 0 channel 1 channel 2 channel 0 channel 1
(option)  (option)
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523  IRQ Enable Register (IER)

Bit 7 6 5 4 3 2 1 0
| IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQ1E | IRQOE ‘
Initial value 0 0 0 0 0 0 0 0

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

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

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

Bits 7to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bitn
IRQNE Description
0 IRQn interrupt disabled (Initial value)
1 IRQn interrupt enabled
(n=71t00)

524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

« |SCRH
Bit 15 14 13 12 11 10 9 8
| IRQ7SCB| IRQ?SCA| IRQ6$CB| IRQGSCA| IRQ5SCB | IRQSSCA| IRQ4SCB| IRQ4SCA‘
Initial value 0 0 0 0 0 0 0 0

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

e |SCRL
Bit 7 6 5 4 3 2 1 0
| IRQSSCB| IRQ3SCA| IRQ28CB| IRQZSCA| IRQ1SCB | IRQlSCA| IRQOSCB| IRQOSCA‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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ISCRH and ISCRL are 8-hit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

Each of the ISCR registersisinitialized to H'00 by areset and in hardware standby mode.

ISCRH Bits7to 0, ISCRL Bits7to 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to
IRQO Sense Control A and B (IRQOSCA, IRQOSCB)

ISCRH Bits 7to 0
ISCRL Bits 7to 0

IRQ7SCB to  IRQ7SCA to
IRQOSCB IRQOSCA Description

0 0 Interrupt request generated at IRQ7 to IRQO input low level
(Initial value)

Interrupt request generated at falling edge of IRQ7 to IRQO input

1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input

525  |IRQ StatusRegister (ISR)

Bit 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQ1F | IRQOF
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Note: * Only O can be written, to clear the flag.

ISR is an 8-hit readable/writable register that indicates the status of IRQ7 to IRQO interrupt
requests.

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

Bits 7 to 0—IRQ7 to IRQO Flags (IRQ7F to IRQOF): These bitsindicate the status of IRQ7 to
IRQO interrupt requests.

Rev. 4.00 Jun 06, 2006 page 107 of 1004
REJ09B0301-0400

RENESAS



Section 5

Interrupt Controller

Bit n

IRQnF  Description

0 [Clearing conditions] (Initial value)

Cleared by reading IRQnF when set to 1, then writing 0 in IRQnF

When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high*

When IRQn interrupt exception handling is executed when falling, rising, or both-
edge detection is set (IRQNSCB = 1 or IRQNSCA = 1)*

1 [Setting conditions]

When TRQn input goes low when low-level detection is set (IRQnNSCB = IRQNSCA =
0)

When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA = 1)

When a rising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB = 1, IRQNSCA = 0)

When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

Note: *

(n=71t00)

When a product, in which a DTC is incorporated, is used in the following settings, the
corresponding flag bit is not automatically cleared even when exception handling, which
is a clear condition, is executed and the bit is held at 1.

(1) When DTCEA3 is set to 1 (ADI is set to an interrupt source), IRQ4F flag is not

automatically cleared.

(2) When DTCEA2 is set to 1 (ICIA is set to an interrupt source), IRQ5F flag is not

automatically cleared.

(3) When DTCEAL1l is setto 1 (ICIB is set to an interrupt source), IRQ6F flag is not

automatically cleared.

(4) When DTCEAO is setto 1 (OCIA is set to an interrupt source), IRQ7F flag is not

automatically cleared.

When activation interrupt sources of DTC and IRQ interrupts are used with the above

combinations, clear the interrupt flag by software in the interrupt handling routine of the

corresponding IRQ.
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526 Keyboard Matrix Interrupt Mask Register (KMIMR)

Bit 7 6 5 4 3 2 1 0
KMIMR7 | KMIMR6| KMIMR5 | KMIMR4 | KMIMR3 [ KMIMRZ2 | KMIMR1 | KMIMRO
Initial value 1 0 1 1 1 1 1 1

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

KMIMR is an 8-hit readabl e/writable register that performs mask control for the keyboard matrix
interrupt inputs (pins KIN7 to KINO) and IRQ6 pin. To enable key-sense input interrupts from
multiple pin inputs in keyboard matrix scanning/sensing, clear the corresponding mask bitsto 0.

KMIMR isinitialized to H'BF by areset and in hardware standby mode, and only IRQ6 (KIN6)
input is enabled.

Bits 7 to 0—Keyboard Matrix Interrupt Mask (KMIMR7 to KMIMRO): These bits control
key-sense input interrupt requests (KIN7 to KINO).

Bits 7to O

KMIMR?7 to

KMIMRO Description

0 Key-sense input interrupt requests enabled

1 Key-sense input interrupt requests disabled (Initial value)®

Note: * However, the initial value of KMIMRG6 is 0 because the KMIMRSG6 bit controls both IRQ6
interrupt request masking and key-sense input enabling.

Figure 5.2 shows the relationship between interrupts IRQ6, interrupts KIN7 to KINO, and registers
KMIMR.
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KMIMRO (initial value 1)
P60/KINO

KMIMRS5 (initial value 1)
P65/KIN5

KMIMRS® (initial value 0)
P66/KIN6/IRQ6

KMIMRY7 (initial value 1)
P67/KIN7/IRQ7

uy)
Q

6 internal signal

@

IRQ6E

Edge/level
selection
enable/disable
circuit

| IRQ6
interrupt

=]

IRQBSC

Figure5.2 Relationship between Interrupts IRQ6, Interrupts KIN7 to KINO,

and RegistersK MIMR

When pins KIN7 to KINO are used as key-sense interrupt input pins, either low-level sensing or
falling-edge sensing must be designated as the interrupt sense condition for the corresponding

interrupt source (IRQ6).
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5.2.7 Address Break Control Register (ABRKCR)

Bit 7 6 5 4 3 2 1 0
lowe | — | — | =] = = | — | ee |

Initial value 0 0 0 0 0 0 0 0

Read/Write R — — — — — — R/W

ABRKCR is an 8-hit readable/writable register that performs address break control.

ABRKCR sinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Condition Match Flag (CMF): Thisisthe address break source flag, used to indicate that
the address set by BAR has been prefetched. When the CMF flag and BIE flag are both set to 1, an
address break is requested.

Bit 7
CMF Description
0 [Clearing condition]
When address break interrupt exception handling is executed (Initial value)
1 [Setting condition]

When address set by BARA to BARC is prefetched while BIE =1

Bits 6 to 1—Reserved: These bits cannot be modified and are always read as 0.

Bit 0—Break Interrupt Enable (BIE): Selects address break enabling or disabling.

Bit 0

FDescription

0 Address break disabled (Initial value)
1 Address break enabled
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528 Break Address Registers A, B, C (BARA, BARB, BARC)

Bit 7 6 5 4 3 2 1 0
BARA A23 A22 A21 A20 A19 Al18 Al7 Al6
Initial value 0 0 0 0 0 0 0 0

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

Bit 7 6 5 4 3 2 1 0
BARB A15 Al4 Al13 Al12 All A10 A9 A8
Initial value 0 0 0 0 0 0 0 0

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

Bit 7 6 5 4 3 2 1 0
BARC A7 A6 A5 A4 A3 A2 Al —
Initial value 0 0 0 0 0 0 0 0

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

BAR consists of three 8-bit readable/writable registers (BARA, BARB, and BARC), and isused to
specify the address at which an address break is to be executed.

Each of the BAR registersisinitialized to H'00 by areset and in hardware standby mode. They are
not initialized in software standby mode.

BARA Bits7to 0—Address 23to 16 (A23to A16)
BARB Bits 7 to 0—Address 15to0 8 (A15to A8)
BARC Bits7to 1—Address7to 1 (A7to Al)

These bits specify the address at which an address break is to be executed. BAR bits A15to Al
are compared with internal address buslines A15 to A1, respectively.

The address at which the first instruction byte is located should be specified as the break address.
Occurrence of the address break condition may not be recognized for other addresses.

In normal mode, no comparison is made with address lines A23 to A16.

BARC Bit 0—Reserved: This bit cannot be modified and is always read as 0.
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQOQ) and internal interrupts.

531 External Interrupts

There are nine external interrupt sources from 17 input pins (15 actual pins): NMI, IRQ7 to IRQO,
and KIN7 to KINO. KIN7 to KINO share the IRQ6 interrupt source. Of these, NMI, IRQ7, IRQ6.
and IRQ2 to IRQO can be used to restore the H85/2138 Group or H8S5/2134 Group chip from
software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is aways accepted by the CPU
regardless of the interrupt control mode and 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 a
falling edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ7 to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pinsIRQ7
to IRQO. Interrupts IRQ7 to IRQO have the following features:

» Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.

» Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with |ER.

» Theinterrupt control level can be set with ICR.

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

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.3.
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IRQNE

IRQNSCA, IRQNSCB
# IRQNF

IRQn interrupt
> Edge/level }
detection circuit S Q request

TRQn input r R

Clear signal

Note: n: 7to 0

Figure5.3 Block Diagram of InterruptsRQ7 to IRQO

Figure 5.4 shows the timing of IRQNF setting.

IRQN
input pin \

IRQNF |

Figure5.4 Timing of IRQNF Setting
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. Therefore, when apinisused as an external interrupt input pin, do not clear the
corresponding DDR bit to 0 and use the pin as an |/O pin for another function. When the IRQ6 pin
is assigned as the IRQ6 interrupt input pin, then set the KMIMRG bit to 0.

Asinterrupt request flags IRQ7F to IRQOF are set when the setting condition is met, regardless of
the |ER setting, only the necessary flags should be referenced.
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Interrupts KIN7 to KINO: Interrupts KIN7 to KINO are requested by input signals at pins KIN7
to KINO. When any of pins KIN7 to KINO are used as key-sense inputs, the corresponding

KMIMR bits should be cleared to 0 to enable those key-sense input interrupts. The remaining
unused key-sense input KMIMR bits should be set to 1 to disable those interrupts. Interrupts KIN7
to KINO correspond to the IRQ6 interrupt. Interrupt request generation pin conditions, interrupt
request enabling, interrupt control level setting, and interrupt request status indications, are all in
accordance with the IRQ6 interrupt settings.

When pins KIN7 to KINO are used as key-sense interrupt input pins, either low-level sensing or
falling-edge sensing must be designated as the interrupt sense condition for the corresponding
interrupt source (IRQ6).

5.3.2 Internal Interrupts

There are 38 sources for internal interrupts from on-chip supporting modules, plus one software
interrupt source (address break).

 For each on-chip supporting modul e there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If any one of these is set to
1, an interrupt request isissued to the interrupt controller.

e Theinterrupt control level can be set by means of ICR.

* TheDTC can be activated by an FRT, TMR, SClI, or other interrupt request. When the DTC is
activated by an interrupt, the interrupt control mode and interrupt mask bits have no effect.

533 Interrupt Exception Vector Table

Table 5.4 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 ICR. The situation when two or more modules
are set to the same priority, and priorities within amodule, are fixed as shown in table 5.4.
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Table5.4 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector Address

Origin of
Interrupt  Vector Normal Advanced
Interrupt Source Source Number Mode Mode ICR Priority
NMI External 7 H'000E  H'00001C High
IRQO pin 16 H'0020 H000040 ICRA7 |
IRQ1 17 H'0022  H'000044 ICRA6
IRQ2 18 H'0024 H'000048 ICRA5
IRQ3 19 H'0026  H'00004C
IRQ4 20 H'0028 H'000050 ICRA4
IRQ5 21 H'002A  H'000054
IRQ6, KIN7 to KINO 22 H'002C H'000058 ICRA3
IRQ7 23 H'002E  H'00005C
SWDTEND (software activation DTC 24 H'0030 H'000060 ICRA2
interrupt end)
WOVIO (interval timer) Watchdog 25 H'0032 H'000064 ICRAl
timer O
WOVIL1 (interval timer) Watchdog 26 H'0034 H'000068 ICRAO
timer 1
Address break (PC break) — 27 H'0036  H'00006C
ADI (A/D conversion end) A/ID 28 H'0038 H'000070 ICRB7
Reserved — 29 H'0O03A  H'000074
to to to
47 H'O05E  H'0000BC
ICIA (input capture A) Free- 48 H'0060 H'0000CO ICRB6
ICIB (input capture B) running 49 H'0062 H'0000C4
ICIC (input capture C) timer 50 H'0064  H'0000C8
ICID (input capture D) 51 H'0066  H'0000CC
OCIA (output compare A) 52 H'0068  H'0000D0O
OCIB (output compare B) 53 H'006A  H'0000D4
FOVI (overflow) 54 H'006C  H'0000D8
Reserved 55 H'006E  H'0000DC
Reserved — 56 H'0070  H'0000EO
to to to
63 H'007E  H'0000FC Low

Rev. 4.00 Jun 06, 2006 page 116 of 1004

REJ09B0301-0400

RENESAS



Section 5 Interrupt Controller

Vector Address

Origin of

Interrupt  Vector Normal Advanced
Interrupt Source Source Number Mode Mode ICR Priority
CMIAO (compare-match A) 8-bit timer 64 H'0080 H'000100 ICRB3 High
CMIBO (compare-match B) channel0 65 H'0082 H'000104 4
OVIO (overflow) 66 H'0084  H'000108
Reserved 67 H'0086  H'00010C
CMIAL (compare-match A) 8-bit timer 68 H'0088 H'000110 ICRB2
CMIB1 (compare-match B) channell 69 H'008A  H'000114
OVI1 (overflow) 70 H'008C  H'000118
Reserved 71 H'0O08E  H'00011C
CMIAY (compare-match A) 8-bit timer 72 H'0090 H'000120 ICRB1
CMIBY (compare-match B) channels 73 H'0092  H'000124
OVIY (overflow) Y, X 74 H'0094  H'000128
ICIX (input capture X) 75 H'0096 H'00012C
IBF1 (IDR1 reception completed) Host 76 H'0098 H'000130 ICRBO
IBF2 (IDR2 reception completed) interface 77 H'009A H'000134
Reserved 78 H'009C H'000138
Reserved 79 H'009E  H'00013C
ERIO (receive error 0) SCI 80 H'0O0A0 H'000140 ICRC7
RXI0 (reception completed 0) channel0 81 H'00A2 H'000144
TXIO (transmit data empty 0) 82 H'00A4 H'000148
TEIO (transmission end 0) 83 H'00A6  H'00014C
ERI1 (receive error 1) SCI 84 H'00A8 H'000150 ICRCS6
RXI1 (reception completed 1) channell 85 H'00AA  H'000154
TXI1 (transmit data empty 1) 86 H'0O0AC H'000158
TEI1 (transmission end 1) 87 H'00AE H'00015C
ERI2 (receive error 2) SCI 88 H'00BO H'000160 ICRC5
RXI2 (reception completed 2) channel 2 89 H'00B2 H'000164
TXI2 (transmit data empty 2) 90 H'00B4 H'000168
TEI2 (transmission end 2) 91 H'00B6  H'00016C
IICIO (1-byte transmission/ Ic 92 H'00B8 H'000170 ICRC4
reception completed) channel 0
DDCSWI (format switch) (option) 93 H'00BA H'000174
IICI1 (1-byte transmission/ lc 94 H'00BC H'000178 ICRC3
reception completed) channel 1
Reserved (option) 95 H'00BE H'00017C
Reserved — 96 H'00CO H'000180

to to to
103 H'O0CE H'00019C Low
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54 Address Breaks

54.1 Features

With the H8S/2138 Group and H8S/2134 Group, it is possible to identify the prefetch of a specific
address by the CPU and generate an address break interrupt, using the ABRKCR and BAR
registers. When an address break interrupt is generated, address break interrupt exception handling
is executed.

This function can be used to detect the beginning of execution of a bug location in the program,
and branch to a correction routine.

54.2 Block Diagram

A block diagram of the address break function is shown in figure 5.5.

BAR ABRKCR

Match

Comparator signal Control loai Address break
omparato =| “ontrotiogic interrupt request

]

Internal address

Prefetch signal
(internal signal)

Figure5.5 Block Diagram of AddressBreak Function
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54.3 Operation

ABRKCR and BAR settings can be made so that an address break interrupt is generated when the
CPU prefetches the address set in BAR. This address break function issues an interrupt request to
the interrupt controller when the addressis prefetched, and the interrupt controller determines the
interrupt priority. When the interrupt is accepted, interrupt exception handling is started on
completion of the currently executing instruction. With an address break interrupt, interrupt mask
control by the | and Ul bitsin the CPU’s CCR isineffective.

The register settings when the address break function is used are as follows.

1. Setthe break addressin bits A23to A1l in BAR.

2. Set the BIE bit in ABRKCR to 1 to enable address breaks. An address break will not be
requested if the BIE bit is cleared to 0.

When the setting condition occurs, the CMF flag in ABRKCR isset to 1 and an interrupt is
requested. If necessary, the source should be identified in the interrupt handling routine.

544 Usage Notes

1. With the address break function, the address at which the first instruction byteis located
should be specified as the break address. Occurrence of the address break condition may not be
recognized for other addresses.

2. Innormal mode, no comparison is made with address lines A23 to A16.

3. If abranch instruction (Bcc, BSR), jump instruction (IMP, JSR), RTS instruction, or RTE
instruction is located immediately before the address set in BAR, execution of thisinstruction
will output a prefetch signal for that address, and an address break may be requested. This can
be prevented by not making a break address setting for an address immediately following one
of theseinstructions, or by determining within the interrupt handling routine whether interrupt
handling was initiated by a genuine condition occurrence.

4. Asan address break interrupt is generated by a combination of the internal prefetch signal and
address, the timing of the start of interrupt exception handling depends on the content and
execution cycle of the instruction at the set address and the preceding instruction. Figure 5.6
shows some address timing examples.
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* Program area in on-chip memory, 1-state execution instruction at specified break address

Instruction Instruction Instruction Instruction Instruction Internal Vector  Internal Instruction
fetch . fetch . fetch . fetch . fetch . operation. Stack save . fetch ., operation. fetch
i i i i

LJS A I 6 O
Address bus :X H‘0310X H'0312X H'0314X H'0316X H0318 X SP-2 X SP-4 X H'0036 X

hY hY A
NOP NOP NOP Interrupt exception handling
execution execution execution

Break request
signal

H'0310 NOP

H'0312 NOP -+——Breakpoint ~ NOP instruction is executed at breakpoint address H'0312 and
H'0314 NOP next address, H'0314; fetch from address H'0316 starts after
H'0316 NOP end of exception handling.

* Program area in on-chip memory, 2-state execution instruction at specified break address

Instruction Instruction Instruction Instruction Instruction Internal Vector Internal  Instruction
. fetch  fetch . fetch . fetch ., fetch ., operation Stack save . fetch , operation, fetch
!

o LML

Address bus X H'0310X H'0312X H'0314X H'0316X H'0318 X SP-2 X SP-4 X H'0036 X

. N -— -
NOP MOV.W Interrupt exception handling
execution execution
Break request
signal
H'0310 NOP
H'0312 MOV.W #xx:16,Rd -+—— Breakpoint MOV instruction is executed at breakpoint address H'0312,
H'0316 NOP NOP instruction at next address, H'0316, is not executed;
H'0318 NOP fetch from address H'0316 starts after end of exception handling.

Program area in external memory (2-state access, 16-bit-bus access),
1-state execution instruction at specified break address

Instruction Instruction Instruction Internal Vector Internal

fetch . fetch . fetch . operation . Stack save . fetch . operation
| i i | i i i
i T T T T T T

LJSN I I A o O

Address bus :X H'0310 X H'0312 X H'0314 X SP-2 X SP-4 X H'0036 X

hY
NOP Interrupt exception handling
execution
Break request |
signal
H'0310 NOP
H'0312 NOP -+—— Breakpoint NOP instruction at breakpoint address H'0312 is not executed;
H'0314 NOP fetch from address H'0312 starts after end of exception handling.
H'0316 NOP

Figure5.6 Examplesof AddressBreak Timing
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55 Interrupt Operation

551 Interrupt Control Modesand Interrupt Operation

Interrupt operationsin the H8S/2138 Group and H8S/2134 Group differ depending on the
interrupt control mode.

NMI and address break 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 supporting 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 5.5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in ICR, and the masking state indicated
by the| and Ul bitsin the CPU’s CCR.

Table55 Interrupt Control Modes

Interrupt SYSCR Priority Setting  Interrupt

Control Mode INTM1 INTMO Register Mask Bits  Description

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

1 1 ICR I, Ul 3-level interrupt mask control
is performed by the | and Ul
bits

Priority can be set with ICR
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Figure 5.7 shows a block diagram of the priority decision circuit.

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

Interrupt control modes
Oand 1

Figure5.7 Block Diagram of Interrupt Control Operation

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

Table 5.6 shows the interrupts selected in each interrupt control mode.
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Table5.6 Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode | ul Selected Interrupts
0 0 * All interrupts (control level 1 has priority)
1 * NMI and address break interrupts
1 0 * All interrupts (control level 1 has priority)
1 0 NMI, address break and control level 1
interrupts
1 NMI and address break interrupts
Legend:
*: Don't care

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

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

Interrupt sources with alower priority than the accepted interrupt source are held pending.
Table 5.7 shows operations and control signal functionsin each interrupt control mode.

Table5.7 Operationsand Control Signal Functionsin Each Interrupt Control Mode

. Interrupt Acceptance Control
Interrupt Setting 3-Level Control Default Priority T
Control Mode Determination (Trace)
INTM1 | INTMO | ul ICR
0 0 0 (@) IM — PR (@) —
1 1 (0] IM IM PR (0] —
Legend:

O: Interrupt operation control performed
IM: Used as interrupt mask bit

PR: Sets priority

—: Not used
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55.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the | bit in the CPU’s CCR, and ICR. Interrupts are enabled when the | bit is cleared to
0, and disabled when set to 1. Control level 1 interrupt sources have higher priority.

Figure 5.8 shows a flowchart of the interrupt acceptance operation in this case.

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

2. When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

3. Thel bit isthen referenced. If the | bit is cleared to O, the interrupt request is accepted. If the |
bit isset to 1, only NMI and address break interrupts are accepted, and other interrupt requests
are held pending.

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

5. 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.

6. Next, thel bitin CCRisset to 1. This disables al interrupts except NMI and address break
interrupts.

7. A vector addressis generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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1

| Program execution state |

.|

Interrupt generated?

Control level 1 Hold pending
interrupt? 1
Yes

No

| Save PC and CCR |

1

| |

1

| Read vector address |

1

|Branch to interrupt handling routine|

Figure5.8 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode O
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553 Interrupt Control Mode 1

Three-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by means of the | and Ul bitsin the CPU’s CCR, and ICR.

» Control level O interrupt requests are enabled when the | bit is cleared to 0, and disabled when
setto 1.

» Control level 1 interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

For example, if the interrupt enable bit for an interrupt request is set to 1, and H'20, H'00, and H'00
areset in ICRA, ICRB, and ICRC, respectively, (i.e. IRQ2 and IRQ3 interrupts are set to control
level 1 and other interrupts to control level 0), the situation is as follows:

 When| =0, all interrupts are enabled

(Priority order: NMI > IRQ2 > IRQ3 > address break > |IRQ0 > IRQL1 ...)
 Whenl|=1and Ul =0, only NMI, IRQ2, IRQ3, and address break interrupts are enabled
* Whenl=1and Ul =1, only NMI and address break interrupts are enabled

Figure 5.9 shows the state transitions in these cases.

_ - 1-0 Only NMI, IRQ2, IRQ3,
All interrupts enabled <1, Ul<0 and address break interrupts
enabled

ul
Exception handling execuh A/ceptlon handllng execution
orl<1,Ul- or Ul —
Only NMI and address
break interrupts enabled

Figure5.9 Exampleof State Transitionsin Interrupt Control Mode 1
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Figure 5.10 shows a flowchart of the interrupt acceptance operation in this case.

1

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

When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

Thel bit isthen referenced. If the | bit is cleared to O, the Ul bit has no effect.

An interrupt request set to interrupt control level 0 is accepted when the | bit is cleared to 0. If
thel bitisset to 1, only NMI and address break interrupts are accepted, and other interrupt
requests are held pending.

An interrupt request set to interrupt control level 1 has priority over an interrupt request set to
interrupt control level 0, and is accepted if the | bitiscleared to O, or if the | bitissetto 1 and
the Ul bit iscleared to 0.

When both the | bit and the Ul bit are set to 1, only NMI and address break interrupts are
accepted, and other interrupt requests are held pending.

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

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 | and Ul bitsin CCR are set to 1. Thisdisables al interrupts except NMI and address
break.

A vector address is generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.

Rev. 4.00 Jun 06, 2006 page 127 of 1004
REJ09B0301-0400
RENESAS



Section 5 Interrupt Controller

'

| Program execution state |

.|

Interrupt generated?

Hold pending

A

Control level 1
interrupt?
Yes

'

| Save PC and CCR |

1

| LUl 1 |

Y

| Read vector address |

|Branch to interrupt handling routine|

Figure5.10 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 1
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554 Interrupt Exception Handling Sequence

Figure 5.11 shows the interrupt exception handling sequence. The example shown isfor 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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Figure5.11 Interrupt Exception Handling
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555 Interrupt Response Times

The H85/2138 Group and H8S/2134 Group are capable of fast word access to on-chip memory,
and high-speed processing can be achieved by providing the program areain on-chip ROM and
the stack areain on-chip RAM.

Table 5.8 shows interrupt response times—the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The symbols used in table
5.8 are explained in table 5.9.

Table5.8 Interrupt Response Times

Number of States

No. Item Normal Mode Advanced Mode
Interrupt priority determination®* 3 3

2 Number of wait states until executing 1to (19+2-S) 1to 19+(2'S)
instruction ends™?

3 PC, CCR stack save 2-S, 2-S,

4 Vector fetch S, 2'S,

5 Instruction fetch™* 2:S, 2:S,

6 Internal processing™* 2 2

Total (using on-chip memory) 11to 31 12 to 32

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.

Table5.9 Number of Statesin Interrupt Handling Routine Execution

Object of Access

External Device

8-Bit Bus
Symbol Internal Memory  2-State Access  3-State Access
Instruction fetch S, 1 4 6+2m
Branch address read S,
Stack manipulation S,
Legend:

m: Number of wait states in an external device access
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5.6 Usage Notes

56.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such asBCLR or
MOV, 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 O.

Figure 5.12 shows an example in which the CMIEA bit in 8-bit timer register TCR is cleared to O.

TCR write cycle by CPU CMIA exception handling

i e ot e —
| ]

Internal
address bus

TCR address X

Internal
write signal

CMIEA ! !

CMFA ! |

CMIA
interrupt signal

Figure5.12 Contention between Interrupt Generation and Disabling
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The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.

5.6.2 Instructionsthat Disable Interrupts

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

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

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

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

Therefore, if aninterrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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57 DTC Activation by Interrupt

57.1 Overview
The DTC can be activated by an interrupt. In this case, the following options are available:

* Interrupt request to CPU
» Activation request to DTC
» Both of the above

For details of interrupt requests that can be used to activate the DTC, see section 7, Data Transfer
Controller [H8S/2138 Group].

572 Block Diagram

Figure 5.13 shows a block diagram of the DTC and interrupt controller.

DTC activation

i request vector
request Selection [ nu?nber
circuit
IRQ
interrupt ﬂ S_eleclt
signal .
g Clear signal Control logic bTC
~|Interrupt source DTCER
On-chip | clear signal Clear signal
supporting ——
module
DTVECR
SWBTE
clear signal CPU interrupt
request vector
inati number
Determlngtlon of CPU
priority
Interrupt controller I, Ul

Figure5.13 Interrupt Control for DTC
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573 Operation
Theinterrupt controller has three main functionsin DTC control.

Selection of Interrupt Source: It is possible to select DTC activation request or CPU interrupt
request with the DTCE hit of DTCERA to DTCERE inthe DTC.

After aDTC datatransfer, the DTCE hit can be cleared to 0 and an interrupt request sent to the
CPU in accordance with the specification of the DISEL bit of MRB inthe DTC.

When the DTC performs the specified number of data transfers and the transfer counter reaches O,
following the DTC datatransfer the DTCE hit is cleared to 0 and an interrupt request is sent to the
CPU.

Determination of Priority: The DTC activation source is selected in accordance with the default
priority order, and is not affected by mask or priority levels. See section 7.3.3, DTC Vector Table,
for the respective priorities.

Operation Order: If the same interrupt is selected asa DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5.10 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTCE bit of DTCERA to DTCERE in the DTC and the DISEL bit of MRB
inthe DTC.

Table5.10 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X A
1 0 A X

@)

Legend:

A: The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

O: The relevant interrupt is used. The interrupt source is not cleared.
X: The relevant bit cannot be used.
*.  Don't care
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Usage Note: SCI, 1IC, and A/D converter interrupt sources are cleared when the DTC reads or
writes to the prescribed register, and are not dependent upon the DISEL bit.
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Section 6 Bus Controller

6.1 Overview

The H85/2138 Group and H8S/2134 Group have an on-chip bus controller (BSC) that allows
external address space bus specifications, such as bus width and number of access states, to be set.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU and data transfer controller (DTC).

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

» Basic businterface
0 2-state access or 3-state access can be selected
O Program wait states can be inserted
e Burst ROM interface
O Externa space can be designated as ROM interface space
O 1-stateor 2-state burst access can be selected
* ldlecycleinsertion
O Anidle cycle can beinserted when an external write cycle immediately follows an external
read cycle
e Busarbitration function
O Includes abus arbiter that arbitrates bus mastership between the CPU and DTC
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

External bus control signals

Bus controller

Internal
control signals

WSCR

BCR

WAIT >

Wait controller

— Bus mode signal

Internal
data bus

Bus arbiter

l«—— CPU bus request signal
«—— DTC bus request signal

= CPU bus acknowledge signal
— DTC bus acknowledge signal

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration
Table 6.1 summarizes the pins of the bus controller.

Table6.1 BusController Pins

Name Symbol I/0 Function

Address strobe AS Output Strobe signal indicating that address output on
address bus is enabled (when IOSE bit is 0)

I/O select 10S Output 1/0 select signal (when IOSE bit is 1)

Read RD Output Strobe signal indicating that external space is
being read

Write WR Output Strobe signal indicating that external space is
being written to, and that data bus is enabled

Wait WAIT Input Wait request signal when external 3-state access

space is accessed

6.1.4 Register Configuration
Table 6.2 summarizes the registers of the bus controller.

Table6.2 BusController Registers

Name Abbreviation R/W Initial Value Address”
Bus control register BCR R/W H'D7 H'FFC6
Wait state control register WSCR R/W H'33 H'FFC7

Note: * Lower 16 bits of the address.
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6.2 Register Descriptions

6.2.1 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
| ICIS1 | ICISO |BRSTRM| BRSTSl| BRSTSO| — | 10S1 | 10S0 ‘
Initial value 1 1 0 1 0 1 1 1

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

BCR is an 8-bit readable/writable register that specifies the external memory space access mode,
and the extent of the /O area when the /O strobe function has been selected for the AS pin.

BCRisinitialized to H'D7 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Ildle CycleInsert 1 (I1CIS1): Reserved. Do not write O to this bit.

Bit 6—Ildle Cyclelnsert O (IC1S0): Selects whether or not a one-state idle cycleisto be inserted
between bus cycles when successive external read and external write cycles are performed.

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether external space is designated as a burst
ROM interface space. The selection applies to the entire external space .

Bit 5

BRSTRM Description

0 Basic bus interface (Initial value)
1 Burst ROM interface
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Bit 4—Bur st Cycle Select 1 (BRSTS1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Bur st Cycle Select 0 (BRSTS0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bit 2—Reserved: Do not write O to this bit.

Bits1 and 0—IOS Select 1 and 0 (I10S1, |0OS0): Seetable 6.4.

6.2.2 Wait State Control Register (WSCR)

Bit 7 6 5 4 3 2 1 0
| RAMS | RAMO | ABW | AST | WMS1 | WMSO0 | WC1 | WCO0 ‘
Initial value 0 0 1 1 0 0 1 1

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

WSCR is an 8-bit readable/writable register that specifies the data bus width, number of access
states, wait mode, and number of wait states for external memory space. The on-chip memory and
internal 1/0 register bus width and number of access states are fixed, irrespective of the WSCR
settings.

WSCRisinitialized to H'33 by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bit 7—RAM Select (RAM S)/Bit 6—RAM Area Setting (RAMO): These are reserved hits.
Always write 0 when writing to these bits in the A-mask version.

Bit 5—BusWidth Control (ABW): Specifies whether the external memory space is 8-bit access
space or 16-hit access space.

However, a 16-bit access space cannot be specified for these group, and therefore 0 should not be
written to this bit.

Bit 5

ABW Description

0 External memory space is designated as 16-bit access space (A 16-bit access space
cannot be specified for these group)

1 External memory space is designated as 8-bit access space (Initial value)

Bit 4—Access State Control (AST): Specifies whether the external memory space is 2-state
access space or 3-state access space, and simultaneously enables or disables wait state insertion.

Bit 4
AST Description
0 External memory space is designated as 2-state access space
Wait state insertion in external memory space accesses is disabled
1 External memory space is designated as 3-state access space (Initial value)

Wait state insertion in external memory space accesses is enabled

Bits3 and 2—Wait Mode Select 1 and 0 (WM S1, WM S0): These bits select the wait mode
when external memory space is accessed while the AST bit isset to 1.

Bit 3 Bit 2

WMS1 WMSO0 Description

0 0 Program wait mode (Initial value)
1 Wait-disabled mode

1 0 Pin wait mode
1 Pin auto-wait mode
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Bits 1 and 0—Wait Count 1 and 0 (WC1, WCOQ): These hits select the number of program wait
states when external memory space is accessed while the AST bit isset to 1.

Bit 1 Bit 0

WC1 WCOo Description

0 0 No program wait states are inserted
1 1 program wait state is inserted in external memory space accesses

1 0 2 program wait states are inserted in external memory space accesses
1 3 program wait states are inserted in external memory space accesses

(Initial value)

6.3 Overview of Bus Control

6.3.1 Bus Specifications

The external space bus specifications consist of three elements. bus width, number of access
states, and wait mode and number of program wait states.

The bus width and number of access states for on-chip memory and internal /O registers are
fixed, and are not affected by the bus controller.

Bus Width: A buswidth of 8 or 16 bits can be selected with the ABW bit. A 16-bit access space
cannot be specified for these group.

Number of Access States: Two or three access states can be selected with the AST bit.

When 2-state access space is designated, wait insertion is disabled. The number of access states on
the burst ROM interface is determined without regard to the AST bit setting.

Wait Mode and Number of Program Wait States. When 3-state access space is designated by
the AST bhit, the wait mode and the number of program wait statesto be inserted automatically is
selected with WM S1, WM SO, WC1, and WCO. From 0 to 3 program wait states can be selected.

Table 6.3 shows the bus specifications for each basic bus interface area.
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Table6.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

Bus Specifications (Basic Bus Interface)

Access Program
ABW AST WMS1 WMSO WCl1 WCO Bus Width  States Wait States
0 0 — — — — Cannot be used in the H8S/2138 Group or
H8S/2134 Group.
1 0 — — — — 8 2 0
0 1 — — 8 3 0
—* —* 0 0 3 0
1 1
1 0 2
1 3

Note: * Except when WMS1 =0 and WMS0 =1

6.3.2 Advanced Mode

The H85/2138 and H8S/2134 have 16 address output pins, so there are no pins for output of the
upper address bits (A16 to A23) in advanced mode. H'FFF000 to H'FFFE4F (H'FFF000 to
H'FFF7FF in the H8S/2138 F-ZTAT A mask version) can be accessed by designating the AS pin
as an /O strobe pin. The accessible external space is therefore H'FFF000 to H'FFFE4F (H'FFF000
to H'FFF7FF in the H8S/2138 F-ZTAT A mask version) even when expanded mode with ROM
enabled is selected in advanced mode.

Theinitia state of the external spaceis basic businterface, three-state access space. In ROM-
enabled expanded mode, the space excluding the on-chip ROM, on-chip RAM, and interna 1/0
registersis external space. The on-chip RAM is enabled when the RAME bit in the system control
register (SY SCR) is set to 1; when the RAME bit is cleared to O, the on-chip RAM is disabled and
the corresponding space becomes external space.

6.3.3 Normal Mode

Theinitia state of the external memory space is basic businterface, three-state access space. In
ROM -disabled expanded mode, the space excluding the on-chip RAM and internal 1/O registersis
external space. In ROM-enabled expanded mode, the space excluding the on-chip ROM, on-chip
RAM, and internal /O registersis external space. The on-chip RAM is enabled when the RAME
bit in the system control register (SY SCR) is set to 1; when the RAME bit is cleared to 0, the on-
chip RAM isdisabled and the corresponding space becomes external space.
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6.3.4 I/O Select Signal

In the H8S/2138 Group and H8S/2134 Group, an 1/0 select signal (IOS) can be output, with the
signal output going low when the designated external space is accessed.

Figure 6.2 shows an example of 10S signal output timing.

! Bus cycle |
T1 T2 T3
)
Address bus >< External address in 10S set range B

Figure6.2 IOS Signal Output Timing

Enabling or disabling of TOS signal output is controlled by the setting of the IOSE bit in SYSCR.
In expanded mode, this pin operates as the AS output pin after a reset, and therefore the |OSE bit
in SYSCR must be set to 1 in order to use this pin as the IOS signal output. See section 8, 1/0
Ports, for details.

The range of addresses for which the IOS signal is output can be set with bits 10S1 and 10S0 in
BCR. The IOS signal address ranges are shown in table 6.4.

Table6.4 TOS Signal Output Range Settings

10S1 I0S0 10S Signal Output Range
0 0 H'(FF)FO000 to H'(FF)FO3F
1 H'(FF)F000 to H'(FF)FOFF
1 0 H'(FF)F000 to H'(FF)F3FF
1 H'(FF)F000 to H'(FF)FE4F* (Initial value)
Note: * Inthe H8S/2138 F-ZTAT A-mask version, the address range is from H'(FF)F000 to
H'(FF)F7FF.
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6.4 Basic BusInterface

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

The bus specifications can be selected with the AST bit, and the WM S1, WM S0, WC1, and WCO
bits (see table 6.3).

6.4.2 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 databus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-hit access space or 16-bit access space) and the data
size.

These group only have an upper data bus, and only 8-bit access space alignment is used. In these
group, the upper data bus pins are designated D7 to DO.

8-Bit Access Space: Figure 6.3 illustrates data alignment control for the 8-bit access space. With
the 8-hit access space, the upper data bus (D15 to D8) is aways used for accesses. The amount of
data that can be accessed at one time is one byte: aword accessis performed as two byte accesses,
and alongword access, as four byte accesses.

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

Byte size [0

Word s 7lstbuscycle | : : : : : : :
ord size | 2ndbuscycle |, |

[ 1st bus cycle

Longword size 2nd bus cycle

3rd bus cycle

| 4th bus cycle

Figure6.3 Access Sizesand Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space (Cannot Be Used in the H85/2138 Group or H85/2134 Group): Figure
6.4 illustrates data alignment control for the 16-bit access space. With the 16-bit access space, the
upper data bus (D15 to D8) and lower data bus (D7 to DO) are used for accesses. The amount of
data that can be accessed at one time is one byte or one word, and alongword access is executed
as two word accesses.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper 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 « Even address ]

Byte size » Odd address [ 0

WOI’d SIZE | T T T T T T T | T T T T T T T |

Longword 1st bus cycle
size

2nd bus cycle

Figure6.4 Access Sizesand Data Alignment Control (16-Bit Access Space)

6.4.3 Valid Strobes
Table 6.5 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.

These group only have an upper data bus, and only the RD and HWR signals are valid. In these
group, the HWR signal pin is designated WR.
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Table6.5 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower Data Bus
Area Size Write Address Strobe (D15 to D8)** (D7 to DO)**
8-bit access Byte Read — RD Valid Port, etc.
Space Write — — HWR™? Port, etc.
16-bit access Byte Read Even RD Valid Invalid
space (Cannot odd Invalid Valid
be used in the
H8S/2138 Group Write  Even HWR Valid Undefined
or H85/2134 Odd LWR Undefined Valid
Group) — . .

Word Read — RD Valid Valid

Write  — HWR Valid Valid
LWR

Notes: Undefined: Undefined data is output.
Invalid: Input state; input value is ignored.

Port, etc.: Pins are used as port or on-chip supporting module input/output pins, and not as
data bus pins.

1. The pin names in these group are D7 to DO.
2. The pin name in these group is WR.
3. There are no lower data bus pins in these group.

6.4.4 Basic Timing

8-Bit 2-State Access Space: Figure 6.5 shows the bus timing for an 8-bit 2-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data bus is used.

Wait states cannot be inserted.

These group have no lower data bus (D7 to DO) pins or LWR pin. In these group, the upper data
bus (D15 to D8) pins are designated D7 to DO, and the HWR signal pin is designated WR.
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- Buscycle ——————=

3 T, ! T, |
¢
Address bus ><
AS/IOS (I0SE = 1) \

AS/10S (I0SE = 0)

Read

Write

vl 7o

D15 to D8 Valid
D7 to DO Invalid |
R ;

D15 to D8 —< " Valid >7

Figure6.5 BusTiming for 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 6.6 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.

These group have no lower data bus (D7 to DO) pins or LWR pin. In these group, the upper data
bus (D15 to D8) pins are designated D7 to DO, and the HWR signal pin is designated WR.

- Bus cycle -

Address bus

X
AS/IOS (IOSE = 1) \ |

AS/IOS (I0SE = 0)

Read { D15to D8 —— 3 j { valid }—
D7 to DO : : : { Invalid | }—

Write

Figure6.6 BusTimingfor 8-Bit 3-State Access Space
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6.4.5 Wait Control

When accessing external space, the MCU can extend the bus cycle by inserting one or more wait
states (T,,). There are three ways of inserting wait states: program wait insertion, pin wait insertion
using the WAIT pin, and a combination of the two.

Program Wait Mode

In program wait mode, the number of T, states specified by bits WC1 and WCO are always
inserted between the T, and T, states when external space is accessed.

Pin Wait Mode

In pin wait mode, the number of T,, states specified by bits WC1 and WCO are always inserted
between the T, and T, states when external space is accessed. If the WAIT pinislow at the fall of
@inthelast T, or T,, state, another T, state isinserted. If the WAIT pin is held low, T,, states are
inserted until it goes high.

Pin wait mode is useful for inserting four or more wait states, or for changing the number of T,
states for different external devices.

Pin Auto-Wait Mode

In pin auto-wait mode, if the WAIT pin islow at the fall of the system clock in the T, state, the
number of T,, states specified by bits WC1 and WCO are inserted between the T, and T, states
when external space is accessed. No additional T,, states are inserted even if the WAIT pin
remains low. Pin auto-wait mode can be used for an easy interface to low-speed memory, simply
by routing the chip select signal to the WAIT pin.

Figure 6.7 shows an example of wait state insertion timing.
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By program wait By WAIT pin

Tl T2 Tw TW Tw T3
i: =i= - -t -t -t =i
°© i
¥
WAIT
Address bus :>< ><i
AS (IOSE =0)

o |
Read
Data bus { Readdata |-
WR
Write
Data bus 4< Write data >‘

Note: l indicates the timing of WAIT pin sampling using the ¢ clock.

Figure6.7 Exampleof Wait State Insertion Timing

The settings after areset are: 3-state access, insertion of 3 program wait states, and WAIT input
disabled.
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6.5 Burst ROM Interface

6.5.1 Overview

With the H8S/2138 Group and H85/2134 Group, external space area 0 can be designated as burst
ROM space, and burst ROM interfacing can be performed.

External space can be designated as burst ROM space by means of the BRSTRM bit in BCR.
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.

6.5.2 Basic Timing

The number of statesin theinitial cycle (full access) of the burst ROM interface isin accordance
with the setting of the AST bit. Also, when the AST 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 BRSTS1 hit in
BCR. Wait states cannot be inserted.

When the BRSTS0 bit in BCR is cleared to 0, burst access of up to 4 words s performed; when
the BRSTSO bit is set to 1, burst access of up to 8 wordsis performed.

The basic accesstiming for burst ROM spaceis shown in figures 6.8 (a) and (b). Thetiming
shown in figure 6.8 (@) isfor the case where the AST and BRST S1 bits are both set to 1, and that
in figure 6.8 (b) isfor the case where both these hits are cleared to 0.
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Full access Burst access
T, ‘ T, ‘ Ts T, ‘ T, T, ‘ T,
™ g g N T
?
\/
Address bus >< Only lower ad}i\ress changed

AS/10S (I0SE = 0)
RD r
Data bus —< Read data >—< Read data >—< Read data >‘

Figure6.8 (a) Example of Burst ROM Access Timing (When AST = BRSTS1 = 1)

Full access Burst access

: ( \/ ) :
Address bus ><On|y lower address changed
/\

AS/I0S (IOSE = 0)

Data bus 4< Read data ><Read data><Read data>i

Figure6.8 (b) Example of Burst ROM Access Timing (When AST = BRSTS1 =0)
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6.5.3 Wait Control

Aswith the basic bus interface, 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 6.4.5, Wait
Control.

Wait states cannot be inserted in aburst cycle.
6.6 Idle Cycle

6.6.1 Operation

When the H8S/2138 Group or H8S/2134 Group chip accesses external space, it can insert a 1-state
idle cycle (T,) between bus cycles when awrite cycle occurs immediately after aread cycle. By
inserting anidle cycleit is possible, for example, to avoid data collisions between ROM, with a
long output floating time, and high-speed memory, /O interfaces, and so on.

If an external write occurs after an external read whilethe ICISO bitin BCRissetto 1, anidle
cycleisinserted at the start of the write cycle. Thisis enabled in advanced mode and normal
mode.

Figure 6.9 shows an example of the operation in this case. In this example, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycle isinserted, and a data collision is prevented.
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S WR |
‘ Data bus j—(

, BuscycleA  Buscycle B ‘ Buscycle A = BuscycleB ‘
1 Tl T2 TS 1 Tl T2 1 1 Tl T2 T3 1 TI Tl T2 i

o | LI LT LI LT o | LI LI LI LI L

Address bus j 9( X: Address busj X X:
mL_ T omL ;

WA i i o

HF

Long output
floating time

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.9 Example of Idle Cycle Operation

6.6.2 Pin Statesin Idle Cycle
Table 6.6 shows pin statesin an idle cycle.

Table6.6 Pin Statesin Idle Cycle

Pins Pin State

A15 to A0, I0S Contents of next bus cycle
D7 to DO High impedance

AS High

RD High

WR High
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6.7 Bus Arbitration

6.7.1 Overview

The H85/2138 Group and H85/2134 Group have a bus arbiter that arbitrates bus master
operations.

There are two bus masters, the CPU and the 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
beginsits operation.

6.7.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
both bus masters, the bus request acknowledge signal is sent to the one with the higher 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:

(Highy DTC > CPU (Low)
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6.7.3 Bus Transfer Timing

Even if abusrequest is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the busis 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 DTC,
the bus arbiter transfers the busto the DTC. The timing for transfer of the busis as follows:

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

See appendix A.5, Bus States during Instruction Execution, for timings at which the busis not
transferred.

» If the CPU isin deep mode, it transfers the bus immediately.
DTC: The DTC sendsthe bus arbiter arequest for the bus when an activation request is generated.

The DTC does not release the bus until it has completed a group of processing operations.
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Section 7 Data Transfer Controller [H852138 Group]
Provided in the H85/2138 Group; not provided in the H8S5/2134 Group.

71 Overview

The H85/2138 Group includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data

711 Features

» Transfer possible over any number of channels

O Transfer information is stored in memory

O One activation source can trigger a number of data transfers (chain transfer)
* Widerange of transfer modes

O Normal, repeat, and block transfer modes available

O Incrementing, decrementing, and fixing of transfer source and destination addresses can be
selected

» Direct specification of 16-Mbyte address space possible
O 24-bit transfer source and destination addresses can be specified
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends
O Aninterrupt request can be issued to the CPU after all specified data transfers have ended
e Activation by software is possible
¢ Module stop mode can be set

O Theinitia setting enables DTC registersto be accessed. DTC operation is halted by setting
module stop mode
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7.1.2 Block Diagram
Figure 7.1 shows a block diagram of the DTC.

The DTC s register information is stored in the on-chip RAM™. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-hit/1-state reading and writing of the DTC register
information.

Note: * Whenthe DTC isused, the RAME bit in SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c
o |
a 1
< wlfx S £
Interrupt oo e 2| el g !
requestD O=Ol> > g | |z <|< o .
o allo =7 c S<|o|Qjv Q .
Qo Q e 23
g2 | © <lo|o >
20 o [T
o= = x
© |
@)
'_
CPU interrupt Internal data bus
request
Legend:

MRA, MRB: DTC mode registers A and B

CRA, CRB: DTC transfer count registers A and B
SAR: DTC source address register

DAR: DTC destination address register
DTCERA to DTCERE: DTC enable registers Ato E
DTVECR: DTC vector register

Figure7.1 Block Diagram of DTC
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7.13 Register Configuration
Table 7.1 summarizes the DTC registers.

Table7.1 DTC Registers

Name Abbreviation R/W Initial Value  Address™

DTC mode register A MRA —**  Undefined —*3

DTC mode register B MRB —**  Undefined —*

DTC source address register SAR —**  Undefined —*3

DTC destination address register ~ DAR —*? Undefined —*

DTC transfer count register A CRA —**  Undefined —*3

DTC transfer count register B CRB —** Undefined —*

DTC enable registers DTCER** R/W  H00 H'FEEE to H'FEF2

DTC vector register DTVECR™ R/W  H'00 H'FEF3

Module stop control register MSTPCRH R/W  H'3F H'FF86
MSTPCRL R/W  H'FF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Registers within the DTC cannot be read or written to directly.
3. Addresses H'ECO0O0 to H'EFFF contain register information. They cannot be located in
external memory space.
When the DTC is used, do not clear the RAME bit in SYSCR to 0.

4. The H8S/2134 Group does not include an on-chip DTC, and therefore the DTCER and
DTVECR register addresses should not be accessed by the CPU.
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7.2 Register Descriptions

721  DTC ModeRegister A (MRA)

Bit 7 6 5 4 3 2 1 0
| SM1 | SMO | DM1 | DMO | MD1 | MDO | DTS | Sz |
Initial value Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

Read/Write — — — — — — — —

MRA is an 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source Address Mode 1 and 0 (SM 1, SMO0): These bits specify whether SAR is
to be incremented, decremented, or |eft fixed after a data transfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by 1 when Sz = 0; by 2 when Sz = 1)
1 SAR is decremented after a transfer

(by 1 when Sz = 0; by 2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM 1, DMO0): These bits specify whether
DAR isto be incremented, decremented, or |eft fixed after a data transfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by 1 when Sz = 0; by 2 when Sz = 1)
1 DAR is decremented after a transfer

(by 1 when Sz = 0; by 2 when Sz = 1)
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Bits3and 2—DTC Mode (MD1, MDQ): These hits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 J—

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
sideis set to be arepeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifies the size of datato be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer
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722  DTC Mode Register B (MRB)

Bit 7 6 5 4 3 2 1 0
lcwne [oiset | — | — | — | — | — | — |
Initial value Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

Read/Write — — — — — — — _

MRB isan 8-hit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. In chain transfer,
multiple data transfers can be performed consecutively in response to asingle transfer request.
With data transfer for which CHNE is set to 1, there is no determination of the end of the specified
number of transfers, clearing of the interrupt source flag, or clearing of DTCER.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after a data transfer.

Bit 6
DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the
interrupt source flag of the activating interrupt to 0)

Bits5to 0—Reserved: In the H8S2138 Group these bits have no effect on DTC operation, and
should always be written with O.
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7.2.3 DTC Source Address Register (SAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0

Initial value  Unde- Unde- Unde-Unde- Unde- --- Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

Read/write —_ = = = — - _ = = = —

SAR isa24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

724 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0

Initial value  Unde- Unde- Unde-Unde- Unde- --- Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

Read/write —_ = = = — - _ = = = —

DAR is a24-hit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.

7.25 DTC Transfer Count Register A (CRA)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value  Unde- Unde- Unde-Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write — — — — — @ — @ — @ — @ — @ — @ — @ — = = =

-4-—— CRAH ——»=w+——— CRAL —MMM——»
CRA isa 16-bit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA register functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, CRA is divided into two parts: the upper 8 bits (CRAH)
and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL functions as an 8-
bit transfer counter (1 to 256). CRAL is decremented by 1 every time datais transferred, and the
contents of CRAH are transferred when the count reaches H'00. This operation is repeated.
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7.2.6 DTC Transfer Count Register B (CRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value  Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write — — — — — @ — @ — @ — @ — @ — — — — = = —

CRB is a 16-hit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.

7.2.7 DTC Enable Registers (DTCER)

Bit 7 6 5 4 3 2 1 0
| DTCE7 | DTCE6| DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO ‘
Initial value 0 0 0 0 0 0 0 0

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

The DTC enable registers comprise five 8-bit readable/writable registers, DTCERA to DTCERE,
with bits corresponding to the interrupt sources that can activate the DTC. These bits enable or
disable DTC service for the corresponding interrupt sources.

The DTC enableregisters areinitialized to H'00 by areset and in hardware standby mode.

Bit n—DTC Activation Enable (DTCEn)

Bit n

DTCEn Description

0 DTC activation by interrupt is disabled (Initial value)
[Clearing conditions]
* When data transfer ends with the DISEL bit set to 1
e When the specified number of transfers end

1 DTC activation by interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
(n=7to0)
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A DTCE hit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 7.4, together with the vector number
generated by the interrupt controller in each case.

For DTCE bit setting, read/write operations must be performed using bit-manipulation instructions
such as BSET and BCLR. For theinitial setting only, however, when multiple activation sources
are set at onetime, it is possible to disable interrupts and write after executing a dummy read on
the relevant register.

728  DTC Vector Register (DTVECR)

Bit 7 6 5 4 3 2 1 0
SWDTE | DTVEC6| DTVECS5|DTVEC4|DTVEC3|DTVEC2 | DTVEC1|DTVECO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * A value of 1 can always be written to the SWDTE bit, but O can only be written after 1
is read.

DTVECR is an 8-hit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

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

Bit 7—DTC Software Activation Enable (SWDTE): Specifies enabling or disabling of DTC
software activation. To clear the SWDTE bit by software, read SWDTE when set to 1, then write 0
in the bit.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing condition]
When the DISEL bit is 0 and the specified number of transfers have not ended

1 DTC software activation is enabled

[Holding conditions]

e When data transfer ends with the DISEL bit set to 1
* When the specified number of transfers end

» During software-activated data transfer
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Bits 6 to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECOQ): These bits
specify avector number for DTC software activation.

The vector address is H'0400 + (vector number) << 1 (where << 1 indicates a 1-bit left shift). For
example, if DTVEC6 to DTVECO = H'10, the vector address is H'0420.

7.29 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MSTP15

MSTP14

MSTP13

MSTP12

MSTP11

MSTP10|

MSTP9

MSTP8

MSTP7

MSTP6

MSTP5

MSTP4

MSTP3

MSTP2

MSTP1

MSTPO

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

MSTPCR, comprising two 8-bit readable/writable registers, performs module stop mode control.

When the MSTP14 bit in MSTPCR is set to 1, the DTC operation stops at the end of the bus cycle
and atransition is made to module stop mode. Note that 1 cannot be written to the MSTP14 hit
when the DTC is being activated. For details, see section 24.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 6—Module Stop (M STP14): Specifies the DTC module stop mode.

MSTPCRH

Bit 6

MSTP14  Description

0 DTC module stop mode is cleared (Initial value)
1 DTC module stop mode is set
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7.3 Operation

7.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
data on the basis of that register information. After the data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makesit possible to
perform a number of transfers with a single activation.

Figure 7.2 shows aflowchart of DTC operation.

Read DTC vector

Next transfer

o
|t

y

Read register information

Y

Data transfer

v

Write register information

:

No

Transfer counter =
or DISEL =12

Yes

Y
Clear activation flag Clear DTCER

End Interrupt exception
handling

Figure7.2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,

decremented, or left fixed.
Table 7.2 outlines the functions of the DTC.

Table7.2 DTC Functions

Address Registers

Transfer Transfer

Transfer Mode Activation Source Source Destination
e Normal mode . IRQ 24 bits 24 bits
O One transfer request transfers one e FRTICIlor OCI
byte or one word «  8-bit timer CMI
O Memory addresses are incremented o Host interface IBE
or decremented by 1 or 2 «  SCITXI or RXI
O Up to 65,536 transfers possible «  A/D converter ADI
* Repeat mode . ncic
O One transfer request transfers one . Software

byte or one word

O Memory addresses are incremented
or decremented by 1 or 2

O After the specified number of transfers
(1 to 256), the initial state resumes and
operation continues

* Block transfer mode

O One transfer request transfers a block
of the specified size

O Block size is from 1 to 256 bytes or
words

O Up to 65,536 transfers possible

O A block area can be designated at either
the source or destination
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7.3.2 Activation Sour ces

The DTC operates when activated by an interrupt or by awrite to DTVECR by software (software
activation). An interrupt request can be directed to the CPU or DTC, as designated by the
corresponding DTCER bit. The interrupt request is directed to the DTC when the corresponding
bit is set to 1, and to the CPU when the bit is cleared to 0.

At the end of one data transfer (or the last of the consecutive transfersin the case of chain transfer)
the interrupt source or the corresponding DTCER hit is cleared. Table 7.3 shows activation
sources and DTCER clearing.

The interrupt source flag for RXI0, for example, is the RDRF flag in SCIO.

Table7.3  Activation Sourcesand DTCER Clearing

When DISEL Bit Is 0 and When DISEL BitIs 1 or
Activation Specified Number of Transfers Specified Number of Transfers
Source Have Not Ended Have Ended
Software SWDTE bit cleared to 0 ¢ SWDTE bit held at 1
activation e Interrupt request sent to CPU
Interrupt e Corresponding DTCER bitheld ¢ Corresponding DTCER bit cleared to 0
activation atl « Activation source flag held at 1
* Activation source flag cleared « Activation source interrupt request
to0 sent to CPU

Figure 7.3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.
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Source flag cleared

Clear
control
Clear
A
DTCER
Clear request
Select
) |
On-chip -
supporting - > DTC
=}
module 3]
©
. - c
IRQ interrupt ™ o
Interrupt °
()
request o) -
DTVECR o »{ Interrupt controller CPU

Interrupt mask

Figure7.3 Block Diagram of DTC Activation Source Control

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC is activated in accordance with the default priorities.
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7.33 DTC Vector Table
Figure 7.4 shows the correspondence between DTC vector addresses and register information.

Table 7.4 shows the correspondence between activation sources, vector addresses, and DTCER
bits. When the DTC is activated by software, the vector addressis obtained from: H'0400 +
DTVECR[6:0] << 1 (where << 1 indicates a 1-bit left shift). For example, if DTVECR isH'10, the
vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector addressis the same in both normal and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.

m \—/_\
DTC vector Register information / . . -
e — Register information

address start address

.

Chain transfer
~N_ ~N_

Figure7.4 Correspondence between DTC Vector Address and Register Information
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Table7.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of

Interrupt  Vector Vector
Interrupt Source Source Number Address DTCE" Priority
Write to DTVECR Software DTVECR H'0400 + — High

(Decimal DTVECR A
indication) [6:0] << 1

IRQO External 16 H'0420 DTCEA7
IRQ1 pin 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5S
IRQ3 19 H'0426 DTCEA4
ADI (A/D conversion end) A/ID 28 H'0438 DTCEA3
ICIA (FRT input capture A) FRT 48 H'0460 DTCEA2
ICIB (FRT input capture B) 49 H'0462 DTCEA1
OCIA (FRT output compare A) 52 H'0468 DTCEAO
OCIB (FRT output compare B) 54 H'046A DTCEB7
CMIAO (TMRO compare-match A)  TMRO 64 H'0480 DTCEB2
CMIBO (TMRO compare-match B) 65 H'0482 DTCEB1
CMIAL (TMR1 compare-match A)  TMR1 68 H'0488 DTCEBO
CMIB1 (TMR1 compare-match B) 69 H'048A DTCECY
CMIAY (TMRY compare-match A) TMRY 72 H'0490 DTCECS6
CMIBY (TMRY compare-match B) 73 H'0492 DTCEC5
IBF1 (IDR1 reception completed) HIF 76 H'0498 DTCEC4
IBF2 (IDR2 reception completed) 77 H'049A DTCEC3
RXI0 (reception completed 0) SCI 81 H'04A2 DTCEC2
TXIO (transmit data empty 0) channel 0 g, HO04A4  DTCECL
RXI1 (reception completed 1) SCI 85 H'04AA DTCECO
TXIL (transmit data empty 1) channel1  gg HO4AC  DTCED?
RXI2 (reception completed 2) SCI 89 H'04B2 DTCEDG6
TXI2 (transmit data empty 2) channel 2 o H04B4  DTCEDS
IICIO (IICO 1-byte transmission/ lICo 92 H'04B8 DTCED4
reception completed) (option)
IICI1 (IIC1 1-byte transmission/ lIC1 94 H'04BC DTCEDS3
reception completed) (option) Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
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7.34 L ocation of Register Information in Address Space
Figure 7.5 shows how the register information should be located in the address space.

Locatethe MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (vector address contents). In chain transfer, locate the register
information in consecutive areas.

L ocate the register information in the on-chip RAM (addresses: H'FFECO00 to H'FFEFFF).

/\/
Lower address
0 1 2 3
Register information —| MRA SAR
start address MRB DAR Register information
) CRA CRB
Chain transfer
= MRA SAR o _
Register information
MRB DAR for 2nd transfer
CRA | CRB in chain transfer
4 bytes
/\/

Figure7.5 Location of DTC Register Information in Address Space
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7.35 Normal Mode

In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a

CPU interrupt can be requested.

Table 7.5 lists the register information in normal mode and figure 7.6 shows memory mapping in

normal mode.

Table7.5 Register Information in Normal Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register A CRA Transfer count
DTC transfer count register B CRB Not used
N N
SAR —» E— ~— DAR
Transfer
~N_ ~N_

Figure7.6 Memory Mappingin Normal Mode
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7.3.6 Repeat Mode
In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial addressregister state specified by the transfer counter and repeat area resumes and transfer
is repeated. In repeat mode the transfer counter does not reach H'00, and therefore CPU interrupts
cannot be requested when DISEL = 0.

Table 7.6 lists the register information in repeat mode and figure 7.7 shows memory mapping in
repeat mode.

Table7.6 Register Information in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Transfer count
DTC transfer count register B CRB Not used

M M

SAR or DAR or
DAR — ™ Repeat area <:> - gAR
Transfer

mm

Figure7.7 Memory Mapping in Repeat Mode
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7.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is specified as a block area.

The block sizeis 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified in the block areaisrestored. The other address register is
successively incremented or decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 7.7 lists the register information in block transfer mode and figure 7.8 shows memory
mapping in block transfer mode.

Table7.7 Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Block size count

DTC transfer count register B CRB Transfer counter
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SAR or
DAR

N

- First block
] m
<:> Block area
- - Transfer - *
B N m
Nth block
m

DAR or
* SAR

Figure7.8 Memory Mappingin Block Transfer Mode
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7.3.8 Chain Transfer

Setting the CHNE hit to 1 enables a number of data transfers to be performed consecutively in
response to asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 7.9 shows memory mapping for chain transfer.

T~

Source

Destination

Register information

—/
CHNE =1
DTC vector Register information
address start address
Register information
CHNE =0
r Source

LN L
) Destination

Figure7.9 Memory Mappingin Chain Transfer

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL hit to 1, and the interrupt
source flag for the activation source is not affected.
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7.3.9 Operation Timing

Figures 7.10 to 7.12 show examples of DTC operation timing.

0 Sy L
DTC activation \
request /

DTC J \—
request

Data transfer

Vector read

- -
s O OO0k 0
-~ -

Transfer Transfer
information read information write

Figure7.10 DTC Operation Timing (Normal Mode or Repeat Mode)

v JuuduuuduuydUuydye
DTC activation

request / \
DTC request / \

Data transfer

Vector read

B e —
s O OO0 0

-y -
Transfer Transfer
information read information write

Figure7.11 DTC Operation Timing (Block Transfer Mode, with Block Size of 2)
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9 JUubuururuvuyuyyuuryuyUulL
DTC activation
request J \—

DTC
request J \_
Data transfer Data transfer
Vector read - -
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure7.12 DTC Operation Timing (Chain Transfer)

7.3.10 Number of DTC Execution States

Table 7.8 lists execution phases for asingle DTC data transfer, and table 7.9 shows the number of
states required for each execution phase.

Table7.8 DTC Execution Phases

Register Information Internal
Vector Read Read/Write Data Read Data Write Operation
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table7.9 Number of States Required for Each Execution Phase

On-Chip On-Chip Internal I/O

Object of Access RAM ROM Registers External Devices
Bus width 32 16 8 16 8 8
Access states 1 1 2 2 2 3
Execution  Vector read S, — 1 — — 4 6+2m
phase Register S, 1 — — — — —
information
read/write
Byte data read S, 1 1 2 2 2 3+m
Word data read S, 1 1 4 2 4 6+2m
Byte data write S, 1 1 2 2 2 3+m
Word data write S, 1 1 4 2 4 6+2m
Internal operation S 1 1 1 1 1 1

The number of execution statesis calculated from the formula below. Note that ¥ means the sum
of al transfers activated by one activation event (the number for which the CHNE bit is set to one,

plus1).

Number of execution states =1-S +>X(J-S,+K-S +L-S)+M-S,

For example, when the DTC vector address table islocated in on-chip ROM, normal modeis set,
and datais transferred from the on-chip ROM to an internal 1/0 register, the time required for the
DTC operation is 13 states. The time from activation to the end of the datawrite is 10 states.
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7311 Proceduresfor Usingthe DTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:
1. Setthe MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.

2. Set the start address of the register information in the DTC vector address.

3. Set the corresponding bit in DTCER to 1.

4. Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.

5. After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE bhit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:
1. Setthe MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.

2. Set the start address of the register information in the DTC vector address.

3. Check that the SWDTE bit isO.

4. Write1inthe SWDTE bit and the vector number to DTVECR.

5. Check the vector number written to DTVECR.

6. After the end of one datatransfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE hit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE hit isheld at 1 and a CPU interrupt is requested.
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7.3.12 Examplesof Useof theDTC

Normal Mode: An exampleisshown in which the DTC is used to receive 128 bytes of datavia
the SCI.

1. Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM 1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by oneinterrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM area where the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the register information at the DTC vector address.
3. Set the corresponding bit in DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RX1) interrupt. Since the generation of areceive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

5. Each time reception of one byte of data ends on the SCI, the RDRF flag in SSRis set to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DAR isincremented and CRA is decremented. The RDRF flag is
automatically cleared to 0.

6. When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTCE hit iscleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.
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Softwar e Activation: An exampleis shown in which the DTC is used to transfer a block of 128
bytes of data by means of software activation. The transfer source addressis H'1000 and the
destination address is H'2000. The vector number is H'60, so the vector addressis H'04CO0.

1. Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 = 1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS hit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

2. Set the start address of the register information at the DTC vector address (H'04C0).

3. Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

4. Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write datais H'EOQ.

5. Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. Thisis presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

6. If thewrite was successful, the DTC is activated and a block of 128 bytes of dataistransferred.

7. After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE hit to 0 and perform other wrap-up processing.
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7.4 Interrupts

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or adata transfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software-activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit isheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE hit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

7.5 Usage Notes

Module Stop: When the MSTP14 bit in MSTPCR isset to 1, the DTC clock stops, and the DTC
enters the module stop state. However, 1 cannot be written in the MSTP14 hit whilethe DTC is
operating. When the DTC is placed in the module stop state, the DTCER registers must all bein
the cleared state when the MSTP14 bit is set to 1.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registersare all located in on-chip
RAM. When the DTC is used, the RAME bit in SY SCR must not be cleared to 0.

DTCE Bit Setting: For DTCE hit setting, read/write operations must be performed using bit-
manipulation instructions such as BSET and BCLR. For theinitial setting only, however, when
multiple activation sources are set at onetime, it is possible to disable interrupts and write after
executing a dummy read on the relevant register.
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Section 8 1/0O Ports

8.1 Overview

The H85/2138 Group and H8S/2134 Group have eight I/O ports (ports 1 to 6, 8, and 9), and one
input-only port (port 7).

Tables 8.1 and 8.2 summarize the port functions. The pins of each port also have other functions.

Each port includes a data direction register (DDR) that controlsinput/output (not provided for the
input-only port) and data registers (DR, ODR) that store output data.

Ports 1 to 3, and 6 have an on-chip MOS input pull-up function. Ports 1 to 3 and 6 have aMOS
input pull-up control register (PCR), in addition to DDR and DR, to control the on/off status of the
MOS input pull-ups.

Ports1to 6, 8, and 9 can drive asingle TTL load and 30 pF capacitive load. All the I/O ports can
drive a Darlington transistor when in output mode. Ports 1, 2, and 3 can drive an LED (10 mA
sink current).

In the H8S/2138 Group, P52 in port 5 and P97 in port 9 are NMOS push-pull outputs.

Note that the H8S/2134 Group has subset specifications that do not include some supporting
modules. For differencesin pin functions, see table 8.1, H85/2138 Group Port Functions, and table
8.2, H85/2134 Group Port Functions.

Rev. 4.00 Jun 06, 2006 page 189 of 1004
REJ09B0301-0400
RENESAS



Section 8 1/O Ports
Table8.1 HB8S/2138 Group Port Functions
Expanded Modes Single-Chip Mode
Port | Description Pins Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
(EXPE =1) (EXPE =0)
Port 1 |+ 8-bit I/O port |P17 to P10/ Lower address | When DDR =0 1/0O port also functioning
« On-chip A7 to A0/ output (after reset): input  |as PWM timer output
MOS input PW7 to PWO (A7 to AO) port (PW7 to PWO)
pull-ups When DDR = 1:
« LED drive lower address
capability output .(A7 to AQ) or
PWM timer output
(PW?7 to PWO)
Port 2 |+ 8-bit I/O port |P27/A15/PW15/ Upper address |When DDR =0 1/0 port also functioning
« On-chip CBLANK output (after reset): input  |as PWM timer output
MOS input | P26/A14/PW14 (A15 to A8) port or tl'mer (PW15 t.o PWS8) and timer
pull-ups connection output  |connection output
' P25/A13/PW13 (CBLANK) (CBLANK)
. (';:;girl'i‘t’; P24/A12/PW12 When DDR = 1:
P23/A11/PW11 upper address
IAL0/ output (A15 to A8),
P22/A10/PW10 PWM timer output
P21/A9/PW9 (PW15 to PW12),
P20/A8/PWS timer connection
output (CBLANK),
or output ports (P27
to P24)
Port 3 |+ 8-bit I/O port |P37 to P30/ Data bus input/output (D7 to DO) 1/0 port also functioning
« On-chip HDB?7 to HDBO/ as host interface data bus
MOS input D7 to DO input/output (HDB7 to
pull-ups HDBO)
* LED drive
capability
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Expanded Modes

Single-Chip Mode

Port | Description Pins Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
(EXPE = 1) (EXPE = 0)
Port 4 |+ 8-bit I/O port |P47/PWX1 1/O port also functioning as 14-bit 1/0 port also functioning
P46/PWXO0 PWM timer output (PWX1, PWXO0), |as 14-bit PWM timer
8-bit timer 0 and 1 input/output output (PWX1, PWXO0),
P45/TMRIL/ (TMCIO, TMRIO, TMOO, TMCI1, 8-bit timer 0 and 1 input/
HIRQ12/CSYNCI  |TMRI1, TMOL), timer connection | output (TMCIO, TMRIO,
P44/ TMOL/ input/output (HSYNCO, CSYNCI, | TMOO, TMCI1, TMRI1,
HIRQL/HSYNCO HSYNCI), SCI2 input/output (TxD2, |TMOL), timer connection
y / RxD2, SCK2), IrDA interface input/output (HSYNCO,
P43 TM?'l input/output (IFTxD, IrRxD), and I’C | CSYNCI, HSYNCI), host
HIRQLL/HSYNCI bus interface 1 (option) input/output |interface host CPU
P42/TMRIO/SCK2/ |(SDA1) interrupt request output
SDA1 (HIRQ12, HIRQ1,
P41/TMOO/RXD2/ HIRQ11), SCI2 input/
IrRXD output (TxD2, RxD2,
SCK?2), IrDA interface
P40/TMCIO/TxD2/ input/output (|rTxD’
IrTxD IrRxD), and I°C bus
interface 1 (option)
input/output (SDA1)
Port 5 |+ 3-bit I/O port | P52/SCK0/SCLO 1/0 port also functioning as SCI0 input/output (TxDO, RxDO,
P51/RxDO SCKO0) and I’C bus interface 0 (option) input/output (SCLO)
P50/TxDO
Port 6 |+ 8-bit I/O port |P67/IRQ7/TMOX/ | I/O port also functioning as external interrupt input (IRQ7,
KIN7/CIN7 IRQ6), FRT input/output (FTCI, FTOA, FTIA, FTIB, FTIC, FTID,
eTaTy FTOB), 8-bit timer X and Y input/output (TMOX, TMIX, TMIY),
P66/IRQ6/FTOB/
W/CIQI\?G timer connection input/output (CLAMPO, VFBACKI, VSYNCI,

P65/FTID/KINS/
CINS

P64/FTIC/KIN4/
CIN4/CLAMPO

P63/FTIB/KINS/
CIN3/VFBACKI

P62/FTIAITMIY/
KIN2/CIN2/VSYNCI

P61/FTOA/KIN1/
CIN1/VSYNCO

P60/FTCI/TMIX/
KINO/CINO/
HFBACKI

VSYNCO, HFBACKI), key-sense interrupt input (KIN7 to KINO),
and expansion A/D converter input (CIN7 to CINO)
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Expanded Modes Single-Chip Mode
Port | Description Pins Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
(EXPE = 1) (EXPE = 0)
Port 7 |+ 8-bit input P77/AN7/DA1 Input port also functioning as A/D converter analog input (AN7
port P76/ANG/DAO to ANO) and D/A converter analog output (DA1, DAO)
P75/AN5
P74/AN4
P73/AN3
P72/AN2
P71/AN1
P70/ANO
Port 8 |+ 7-bit I/0O port |P86/IRQ5/SCK1/ I/0 port also functioning as external |1/O port also functioning
SCL1 interrupt input (IRQ5, IRQ4, IRQ3), |as external interrupt input
oTaYl SCI1 input/output (TxD1, RxD1, (IRQ5, IRQ4, IRQ3), SCI1
P85/IRQ4/RXD1 SCK1), and I°C bus interface 1 input/output (TxD1, RxD1,
P84/IRQ3/TxD1 (option) input/output (SCL1) SCK1), host interface
P83 control input/output (CS2,
GA20, HAO, HIFSD), and
P82/HIFSD I’C bus interface 1
P81/CS2/GA20 (option) input/output
P80/HAO (SCLY)
Port 9 |+ 8-bit I/O port |P97/WAIT/SDAO I/O port also functioning as 1/0 port also functioning
expanded data bus control input as I°C bus interface 0
(WAIT) and I°C bus interface 0 (option) input/output
(option) input/output (SDAO) (SDAO0)
P96/@/EXCL When DDR = |When DDR = 0 (after reset): input port or EXCL
0: input port or |input
EXCL input When DDR = 1: @ output
When DDR =
1 (after reset):
@output
P95/AS/IOS/CS1 Expanded data bus control output |I/O port also functioning as
Y=Y raTT] AS/10S, WR, RD) host interface control input
P94/ WRIIOW ( 0st interface co
Ai (CS1, IOW, IOR)
P93/RD/IOR
P92/IRQO 1/0 port also functioning as external interrupt input (IRQO, IRQ1)
P91/IRQ1
P90/IRQ2/ I/0 port also functioning as external |1/O port also functioning
ADTRG/ECS2 interrupt input (IRQ2), and A/D as external interrupt input

converter external trigger input
(ADTRG)

(IRQ2), A/ID converter
external trigger input
(ADTRG), and host
interface control input
(ECS2)
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Table8.2 HB8S/2134 Group Port Functions
Expanded Modes Single-Chip Mode
Port | Description Pins Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
(EXPE = 1) (EXPE = 0)
Port 1 |+ 8-bit I/O port |P17 to P10/ Lower address |When DDR =0 1/O port
« On-chip A7 to AO output (A7 to | (after reset): input
MOS input AQ) port
pull-ups When DDR = 1:
« LED drive lower a(iij;essAo
capability output (A7 to AO0)
Port 2 |+ 8-bit I/O port |P27 to P20/ Upper address |When DDR =0 1/O port
« On-chip A15 to A8 output (A15 to |(after reset): input
MOS input AB) port
pull-ups When DDR = 1:
* LED drive upper ai(irsess AB
capability output ( to A8)
or output port (P27
to P24)
Port 3 |+ 8-bit I/O port |P37 to P30/ Data bus input/output (D7 to DO) 1/O port
« On-chip D7 to DO
MOS input
pull-ups
* LED drive
capability
Port 4 |+ 8-bit I/O port |P47/PWX1 1/0 port also functioning as 14-bit PWM timer output (PWX1,
P46/PWXO0 PWXO0), 8-bit timer 0 and 1 input/output (TMCIO, TMRIO, TMOO,
TMCI1, TMRI1, TMO1), SCI2 input/output (TxD2, RxD2, SCK2),
P45/TMRI1 and IrDA interface input/output (IrTXD, IrRxD)
P44/TMO1
P43/TMCI1
P42/TMRIO/SCK2
P41/TMOO/RxD2/
IrRxD
P40/TMCIO/TxD2/
IrTxD
Port 5 |+ 3-bit I/O port |P52/SCKO 1/0 port also functioning as SCI0 input/output (TxDO, RxDO,
P51/RXDO SCKO)
P50/TxD0O
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Port Description

Pins

Expanded Modes Single-Chip Mode

Mode 2, Mode 3 Mode 2, Mode 3

Mode 1 (EXPE = 1) (EXPE = 0)

Port 6 |+ 8-bit I/O port

P67/IRQ7/KIN7/
CIN7

P66/IRQ6/FTOB/
KIN6/CIN6

P65/FTID/KINS/
CINS

P64/FTIC/KIN4/
CIN4

P63/FTIB/KIN3/
CIN3

P62/FTIAITMIY/
KIN2/CIN2

P61/FTOA/KIN1/
CIN1

P60/FTCI/KINO/
CINO

I/0 port also functioning as external interrupt input (IRQ7,
IRQS6), FRT input/output (FTCI, FTOA, FTIA, FTIB, FTIC, FTID,
FTOB), 8-bit timer Y input (TMIY), key-sense interrupt input
(KIN7 to KINO), and expansion A/D converter input (CIN7 to
CINO)

Port 7 | 8-bit input

port

P77/AN7/DA1
P76/AN6/DAO
P75/AN5
P74/AN4
P73/AN3
P72/AN2
P71/AN1
P70/ANO

Input port also functioning as A/D converter analog input (AN7
to ANO) and D/A converter analog output (DAL, DAQ)

Port 8 |+ 7-bit I/O port

P86/IRQ5/SCK1
P85/IRQ4/RxD1
P84/IRQ3/TxD1
P83
P82
P81
P80

1/0 port also functioning as external interrupt input (IRQ5, IRQ4,
IRQ3) and SCI1 input/output (TxD1, RxD1, SCK1)
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Expanded Modes

Single-Chip Mode

Port | Description Pins Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
(EXPE =1) (EXPE =0)
Port 9 |« 8-bit I/O port |P97/WAIT 1/O port also functioning as 1/0O port

expanded data bus control input
(WAIT)

P96/@/EXCL When DDR = |When DDR = 0 (after reset): input port or EXCL
0: input port or |input
EXCL input When DDR = 1: @ output
When DDR =
1 (after reset):
@ output

P95/AS/IOS Expanded data bus control I/O port

P94 WR output(AS/IOS, WR, RD)

P93/RD

P92/IRQO 1/0 port also functioning as external interrupt input (IRQO, IRQ1)

P91/RQT

P90/IRQ2/ 1/0O port also functioning as external |I/O port also functioning

ADTRG interrupt input (IRQ2), and A/D as external interrupt input
converter external trigger input (IRQ2) and A/D converter
(ADTRG) external trigger input

(ADTRG)
8.2 Port 1
8.2.1 Overview

Port 1 isan 8-bit I/O port. Port 1 pins also function as address bus output pins (A7 to A0), and as

8-bit PWM output pins (PW7 to PWO0) (H85/2138 Group only). Port 1 functions change according
to the operating mode. Port 1 has an on-chip MOS input pull-up function that can be controlled by
software.

Figure 8.1 shows the port 1 pin configuration.
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Port 1

Port 1 pins

P17/A7/IPW7
P16/A6/PW6
P15/A5/PW5
P14/A4/PW4
P13/A3/PW3
P12/A2/PW2
P11/A1/PW1
P10/A0/PWO

Pin functions in mode 1
A7 (Output)
A6 (Output)
A5 (Output)
A4 (Output)
A3 (Output)
A2 (Output)
Al (Output)
A0 (Output)

Pin functions in modes 2 and 3 (EXPE =1)
A7 (Output)/P17 (Input)/PW7 (Output)
A6 (Output)/P16 (Input)/PW6 (Output)
A5 (Output)/P15 (Input)/PW5 (Output)
A4 (Output)/P14 (Input)/PW4 (Output)
A3 (Output)/P13 (Input)/PW3 (Output)
A2 (Output)/P12 (Input)/PW2 (Output)
Al (Output)/P11 (Input)/PW1 (Output)
A0 (Output)/P10 (Input)/PWO0 (Output)

Pin functions in modes 2 and 3 (EXPE =0)
P17 (I/O)/PW7 (Output)
P16 (I/0)/PW6 (Output)
P15 (1/0)/PWS5 (Output)
P14 (1/0)/PW4 (Output)
P13 (1/0)/PW3 (Output)
P12 (1/0)/PW2 (Output)
P11 (1/O)/PW1 (Output)
P10 (1/0)/PWO (Output)

Figure8.1 Port 1 Pin Functions
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822 Register Configuration
Table 8.3 shows the port 1 register configuration.

Table8.3 Port 1Registers

Name Abbreviation R/W Initial Value Address”
Port 1 data direction register P1DDR w H'00 H'FFBO
Port 1 data register P1DR R/W H'00 H'FFB2
Port 1 MOS pull-up control P1PCR R/W H'00 H'FFAC
register

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (PIDDR)

Bit 7 6 5 4 3 2 1 0
|P17DDR| P16DDR| P15DDR| P14DDR| P13DDR|P12DDR | PllDDR|P10DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W w w W W w

P1DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 1. PIDDR cannot be read; if it is, an undefined value will be returned.

P1DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. The address output pins maintain their output state in a transition to
software standby mode.

* Model
The corresponding port 1 pins are address outputs, regardless of the PLDDR setting.
In hardware standby mode, the address outputs go to the high-impedance state.

«  Modes2 and 3 (EXPE = 1)

The corresponding port 1 pins are address outputs or PWM outputs when PLDDR bits are set
to 1, and input ports when cleared to O.

¢ Modes?2 and 3 (EXPE =0)

The corresponding port 1 pins are output ports or PWM outputs when PIDDR bitsare set to 1,
and input ports when cleared to 0.

Rev. 4.00 Jun 06, 2006 page 197 of 1004
REJ09B0301-0400
RENESAS



Section 8 1/0 Ports

Port 1 Data Register (P1DR)

Bit 7 6 5 4 3 2 1 0

| P17DR | P16DR| P15DR | P14DR | P13DR | P12DR | P11DR | P10DR ‘
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).
If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read, regardless
of the actual pin states. If aport 1 read is performed while PADDR bits are cleared to 0, the pin
states are read.

P1DRisinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 1 MOS Pull-Up Control Register (P1PCR)

Bit 7 6 5 4 3 2 1 0

| P17PCR| P16PCR| P15PCR| P14PCR| P13PCR | P12PCR | PllPCR| PlOPCR‘
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

P1PCR is an 8-hit readable/writable register that controls the port 1 on-chip MOS input pull-ups
on a bit-by-bit basis.

In modes 2 and 3, the MOS input pull-up is turned on when a P1PCR hit is set to 1 while the
corresponding PLDDR bit is cleared to O (input port setting).

P1PCR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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8.2.3 Pin Functionsin Each Mode

Mode 1: In mode 1, port 1 pins automatically function as address outputs. The port 1 pin functions
are shown in figure 8.2.

—= A7 (Output)
— A6 (Output)
— A5 (Output)
Portl [ ™ A4 (Output)
— A3 (Output)
— A2 (Output)
— A1 (Output)

— AO0 (Output)

Figure8.2 Port 1 Pin Functions (Mode 1)

Modes 2 and 3 (EXPE = 1): In modes 2 and 3 (when EXPE = 1), port 1 pins function as address
outputs, PWM outputs, or input ports, and input or output can be specified on a bit-by-bit basis.
When abit in PADDR is set to 1, the corresponding pin functions as an address output or PWM
output, and when cleared to 0, as an input port.

The port 1 pin functions are shown in figure 8.3.

When P1DDR =1 When P1DDR =1
and PWOERA =0 When P1DDR =0 and PWOERA =1
~=—m A7 (Output) P17 (Input) PW?7 (Output)
~—» A6 (Output) P16 (Input) PW6 (Output)
~— A5 (Output) P15 (Input) PWS5 (Output)
Portl [ ™ A4 (Output) P14 (Input) PW4 (Output)
~=—m A3 (Output) P13 (Input) PW3 (Output)
~— A2 (Output) P12 (Input) PW2 (Output)
~— Al (Output) P11 (Input) PW1 (Output)
~— AQ (Output) P10 (Input) PWO (Output)

Figure8.3 Port 1 Pin Functions (Modes 2 and 3 (EXPE = 1))
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Modes 2 and 3 (EXPE = 0): In modes 2 and 3 (when EXPE = 0), port 1 pins function as PWM
outputs or /O ports, and input or output can be specified on a bit-by-bit basis. When abit in
P1DDR is set to 1, the corresponding pin functions as a PWM output or output port, and when
cleared to O, as an input port.

The port 1 pin functions are shown in figure 8.4.

P1n: Input pin when P1DDR =0,

output pin when P1DDR =1 When P1DDR =1
and PWOERA =0 and PWOERA =1
~—» P17 (1/O) PW?7 (Output)
— P16 (I/O) PW6 (Output)
~— P15 (I/O) PWS5 (Output)
Port1 [ ™ P14 (1/O) PW4 (Output)
~— P13 (1/O) PW3 (Output)
~—» P12 (1/O) PW?2 (Output)
~— P11 (I/O) PW1 (Output)
~— P10 (I/O) PWO (Output)

Figure8.4 Port 1 Pin Functions (Modes 2 and 3 (EXPE = 0))
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824 MOS Input Pull-Up Function

Port 1 has an on-chip MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2 and 3, and can be specified as on or off on a bit-by-
bit basis.

When a P1DDR hit is cleared to 0 in mode 2 or 3, setting the corresponding P1PCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state is retained in software standby mode.

Table 8.4 summarizes the MOS input pull-up states.

Table8.4 MOSInput Pull-Up States (Port 1)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when P1DDR =0 and P1PCR = 1; otherwise off.

8.3 Port 2

8.3.1 Overview

Port 2 is an 8-hit 1/0 port. Port 2 pins also function as address bus output pins (A15 to A8), 8-bit
PWM output pins (PW15 to PW8) (H85/2138 Group only), and the timer connection output pin
(CBLANK) (H85/2138 Group only). Port 2 functions change according to the operating mode.
Port 2 has an on-chip MOS input pull-up function that can be controlled by software.

Figure 8.5 shows the port 2 pin configuration.
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Port 2 pins Pin functions in mode 1
[a—m P27/A15/PW15/CBLANK A15 (Output)
le—» P26/A14/PW14 Al4 (Output)
—m P25/A13/PW13 A13 (Output)
port2 [ ™ P24/A12/PW12 A12 (Output)
le— P23/A11/PW11 Al1l (Output)
e P22/A10/PW10 A10 (Output)
[—= P21/A9/PW9 A9 (Output)
—s P20/A8/PW8 A8 (Output)

Pin functions in modes 2 and 3 (EXPE = 1)

A15 (Output)/P27 (1/0)/PW15 (Output)/CBLANK (Output)
Al14 (Output)/P26 (I/O)/PW14 (Output)

A13 (Output)/P25 (I/0)/PW13 (Output)

A12 (Output)/P24 (1/0)/PW12 (Output)

A1l (Output)/P23 (Input)/PW11 (Output)

A10 (Output)/P22 (Input)/PW10 (Output)

A9 (Output)/P21 (Input)/PW9 (Output)

A8 (Output)/P20 (Input)/PW8 (Output)

Pin functions in modes 2 and 3 (EXPE = 0)
P27 (1/0)/PW15 (Output)/CBLANK (Output)
P26 (1/0)/PW14 (Output)

P25 (1/0)/PW13 (Output)

P24 (1/0)/PW12 (Output)

P23 (1/0)/PW11 (Output)

P22 (1/0)/PW10 (Output)

P21 (1/0)/PW9 (Output)

P20 (1/0)/PW8 (Output)

Figure8.5 Port 2 Pin Functions

Rev. 4.00 Jun 06, 2006 page 202 of 1004
REJ09B0301-0400
RENESAS




Section 8 1/0 Ports

832 Register Configuration
Table 8.5 shows the port 2 register configuration.

Table85 Port 2 Registers

Name Abbreviation R/W Initial Value Address”
Port 2 data direction register P2DDR w H'00 H'FFB1
Port 2 data register P2DR R/W H'00 H'FFB3
Port 2 MOS pull-up control P2PCR R/W H'00 H'FFAD
register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0

| P27DDR| P26DDR| P25DDR| P24DDR| P23DDR | P22DDR | P21DDR| P20DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W w w W W w

P2DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 2. P2DDR cannot be read; if it is, an undefined value will be returned.

P2DDR isinitialized to H'00 by areset and in hardware standby mode. It retains its prior state in
software standby mode. The address output pins maintain their output state in a transition to
software standby mode.

* Model
The corresponding port 2 pins are address outputs, regardless of the P2DDR setting.
In hardware standby mode, the address outputs go to the high-impedance state.

«  Modes2 and 3 (EXPE = 1)

The corresponding port 2 pins are address outputs or PWM outputs when P2DDR bits are set
to 1, and input ports when cleared to 0. P27 to P24 are switched from address outputs to output
ports by setting the IOSE hit to 1.

P27 can be used as an on-chip supporting module output pin regardless of the P27DDR setting,
but to ensure normal access to external space, P27 should not be set as an on-chip supporting
module output pin when port 2 pins are used as address output pins.
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«  Modes 2 and 3 (EXPE = 0)

The corresponding port 2 pins are output ports or PWM outputs when P2DDR bits are set to 1,
and input ports when cleared to O.

P27 can be used as an on-chip supporting module output pin regardless of the P27DDR setting.

Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0

| P27DR | P26DR| P25DR | P24DR | P23DR | P22DR | P21DR | P20DR ‘
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

P2DR is an 8-bit readable/writable register that stores output data for the port 2 pins (P27 to P20).
If aport 2 read is performed while P2DDR bits are set to 1, the P2DR values are read directly,
regardless of the actual pin states. If aport 2 read is performed while P2DDR bits are cleared to 0,
the pin states are read.

P2DR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 2 MOS Pull-Up Control Register (P2PCR)

Bit 7 6 5 4 3 2 1 0

| P27PCR| P26PCR| P25PCR| P24PCR| P23PCR | P22PCR | P21PCR| P20PCR‘
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

P2PCR is an 8-hit readabl e/writable register that controls the port 2 on-chip MOS input pull-ups
on a bit-by-bit basis.

In modes 2 and 3, the MOS input pull-up is turned on when a P2PCR hit is set to 1 while the
corresponding P2DDR bit is cleared to O (input port setting).

P2PCR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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8.3.3 Pin Functionsin Each M ode

Mode 1: In mode 1, port 2 pins automatically function as address outputs. The port 2 pin functions
are shown in figure 8.6.

—= A15 (Output)
— Al14 (Output)
— A13 (Output)
Pot2 [ ™ A12 (Output)
— A1l (Output)
— A10 (Output)

— A9 (Output)

— A8 (Output)

Figure8.6 Port 2 Pin Functions (Mode 1)

Modes 2 and 3 (EXPE = 1): In modes 2 and 3 (when EXPE = 1), port 2 pins function as address
outputs, PWM outputs, or 1/0O ports, and input or output can be specified on a bit-by-bit basis.
When abit in P2DDR is set to 1, the corresponding pin functions as an address output or PWM
output, and when cleared to 0, as an input port. P27 to P24 are switched from address outputs to
output ports by setting the IOSE bit to 1. P27 can be used as an on-chip supporting module output
pin regardless of the P27DDR setting, but to ensure normal access to external space, P27 should
not be set as an on-chip supporting module output pin when port 2 pins are used as address output
pins.

The port 2 pin functions are shown in figure 8.7.
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When P2DDR =1 When P2DDR =1
and PWOERB =0 When P2DDR =0 and PWOERB =1
r—s A15 (Output)/P27 (Output) P27 (Input)/CBLANK (Output) PW15 (Output)/CBLANK (Output)
—s A14 (Output)/P26 (Output) P26 (Input) PW14 (Output)
—s A13 (Output)/P25 (Output) P25 (Input) PW13 (Output)
Port2 [ A12 (Output)/P24 (Output) P24 (Input) PW12 (Output)
re—m A1l (Output) P23 (Input) PW11 (Output)
re—m A10 (Output) P22 (Input) PW10 (Output)
re—» A9 (Output) P21 (Input) PW?9 (Output)
e—>» A8 (Output) P20 (Input) PW8 (Output)

Figure8.7 Port 2 Pin Functions (Modes 2 and 3 (EXPE = 1))

Modes 2 and 3 (EXPE = 0): In modes 2 and 3 (when EXPE = 0), port 2 pins function as PWM
outputs (P27 can also function as the timer connection output (CBLANK)) or /O ports, and input
or output can be specified on a bit-by-bit basis. When a bit in P2DDR is set to 1, the
corresponding pin functions as a PWM output or output port, and when cleared to 0, as an input
port. P27 can be used as an on-chip supporting module output pin regardless of the P27DDR
setting.

The port 2 pin functions are shown in figure 8.8.

P2n: Input pin when P2DDR = 0,

output pin when P2DDR =1 When P2DDR =1
and PWOERB =0 and PWOERB =1
~— P27 (1/0)/CBLANK (Output) PW15 (Output)/CBLANK (Output)
— P26 (1/0) PW14 (Output)
~— P25 (]/O) PW13 (Output)
Port2 [ ™ P24 (1/0) PW12 (Output)
- P23 (1/0) PW11 (Output)
<> P22 (1/0) PW10 (Output)
~—w P21 (1/0O) PW9 (Output)
~—» P20 (1/0) PW8 (Output)

Figure8.8 Port 2 Pin Functions (Modes 2 and 3 (EXPE = 0))
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834 MOS Input Pull-Up Function

Port 2 has an on-chip MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2 and 3, and can be specified as on or off on a bit-by-
bit basis.

When a P2DDR hit is cleared to 0 in mode 2 or 3, setting the corresponding P2PCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state is retained in software standby mode.

Table 8.6 summarizes the MOS input pull-up states.

Table8.6 MOSInput Pull-Up States (Port 2)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when P2DDR = 0 and P2PCR = 1; otherwise off.
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8.4 Port 3

84.1 Overview

Port 3 isan 8-hit 1/0 port. Port 3 pins also function as host data bus 1/0 pins (HDB7 to HDBO)
(H85/2138 Group only), and as data bus /O pins. Port 3 functions change according to the
operating mode. Port 3 has an on-chip MOS input pull-up function that can be controlled by
software.

Figure 8.9 shows the port 3 pin configuration.

Port 3 pins Pin functions in modes 1, 2 and 3 (EXPE = 1)
e— P37/D7/HDB7 D7 (I/0)
e—» P36/D6/HDB6 D6 (I/0O)
— P35/D5/HDB5 D5 (I/0)
port3 [+ P34/D4/HDBA4 D4 (1/0)
e— P33/D3/HDB3 D3 (I/0)
e— P32/D2/HDB2 D2 (I/0)
— P31/D1/HDB1 D1 (I/O)
— P30/D0/HDBO DO (I/O)

Pin functions in modes 2 and 3 (EXPE =0)
P37 (/O)/HDB7 (1/0)
P36 (1/0)/HDB6 (1/0)
P35 (1/0)/HDBS5 (1/0)
P34 (1/0)/HDBA4 (1/0)
P33 (1/0)/HDB3 (1/0)
P32 (1/0)/HDB2 (1/0)
P31 (/0)/HDBL1 (1/0)
P30 (I/0)/HDBO (1/O)

Figure8.9 Port 3 Pin Functions
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84.2 Register Configuration
Table 8.7 shows the port 3 register configuration.

Table8.7 Port 3Registers

Name Abbreviation R/W Initial Value Address”
Port 3 data direction register P3DDR w H'00 H'FFB4
Port 3 data register P3DR R/W H'00 H'FFB6
Port 3 MOS pull-up control P3PCR R/W H'00 H'FFAE
register

Note: * Lower 16 bits of the address.

Port 3 Data Direction Register (P3DDR)

Bit 7 6 5 4 3 2 1 0

| P37DDR| P36DDR| P35DDR| P34DDR| P33DDR | P32DDR | P31DDR| P3ODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W w w W W w

P3DDR isan 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 3. P3DDR cannot be read; if it is, an undefined value will be returned.

P3DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

e Modes1, 2, and 3 (EXPE=1)
The input/output direction specified by P3DDR isignored, and pins automatically function as
data I/O pins.

After areset, and in hardware standby mode or software standby mode, the data |/O pins go to
the high-impedance state.

* Modes2 and 3 (EXPE =0)

The corresponding port 3 pins are output ports when P3DDR bits are set to 1, and input ports
when cleared to 0.
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Port 3 Data Register (P3DR)

Bit 7 6 5 4 3 2 1 0
| P37DR | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |
Initial value 0 0 0 0 0 0 0 0

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

P3DR is an 8-bit readable/writable register that stores output data for the port 3 pins (P37 to P30).
If aport 3 read is performed while P3DDR bits are set to 1, the P3DR values are read directly,
regardless of the actual pin states. If aport 3 read is performed while P3DDR bits are cleared to O,
the pin states are read.

P3DRisinitialized to H'00 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.

Port 3 MOS Pull-Up Control Register (P3PCR)

Bit 7 6 5 4 3 2 1 0
| P37PCR| P36PCR| P35PCR| P34PCR|P33PCR |P32PCR | P31PCR|P30PCR|
Initial value 0 0 0 0 0 0 0 0

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

P3PCR is an 8-hit readabl e/writable register that controls the port 3 on-chip MOS input pull-ups
on a bit-by-bit basis.

In modes 2 and 3 (when EXPE = 0), the MOS input pull-up is turned on when a P3PCR hit is set
to 1 while the corresponding P3DDR hit is cleared to 0 (input port setting).

P3PCR isinitialized to H'00 by areset and in hardware standby mode. It retains its prior statein
software standby mode.

The MOS input pull-up function cannot be used in slave mode (when the host interface is
enabled).
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84.3 Pin Functionsin Each Mode

Modes 1, 2, and 3 (EXPE = 1): Inmodes 1, 2, and 3 (when EXPE = 1), port 3 pins automatically

function as data |/O pins. The port 3 pin functions are shown in figure 8.10.

Port 3

a—m D7 (I/0)
~=—m D6 (1/0)
~=— D5 (1/0)
~— D4 (1/O)
~— D3 (I/O)
~—» D2 (I/0)
~—» D1 (I/0)
~—» DO (I/O)

Figure8.10 Port 3 Pin Functions(Modes 1, 2, and 3 (EXPE = 1))

Modes 2 and 3 (EXPE = 0): In modes 2 and 3 (when EXPE = 0), port 3 functions as host
interface data bus 1/0 pins (HDB7 to HDBO) or as |/O ports. When the HI12E bit isset to 1 in

SY SCR2 and atransition is made to slave mode, port 3 functions as the host interface data bus. In
slave mode, P3DR and P3DDR should be cleared to H'00. When the HI12E bit is cleared to O, port
3 functions asan /O port, and input or output can be specified on a bit-by-bit basis. When a bit in
P3DDR is set to 1, the corresponding pin functions as an output port, and when cleared to 0, as an

input port.

The port 3 pin functions are shown in figure 8.11.

Port 3

P37 (I/0)/HDB7 (1/O)
P36 (I/0)/HDB6 (I/O)
P35 (I/0)/HDB5 (I/O)
P34 (I/0)/HDBA4 (I/O)
P33 (I/0)/HDB3 (I/O)
P32 (I/0)/HDB2 (I/O)
P31 (I/0)/HDB1 (I/O)
P30 (I/0)/HDBO (1/0)

Figure8.11 Port 3 Pin Functions (Modes 2 and 3 (EXPE = 0))
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8.4.4 MOS Input Pull-Up Function

Port 3 has an on-chip MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2 and 3 (when EXPE = 0), and can be specified as on
or off on a bit-by-bit basis.

When a P3DDR bit iscleared to 0 in mode 2 or 3 (when EXPE = 0), setting the corresponding
P3PCR bhit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state is retained in software standby mode.

Table 8.8 summarizes the MOS input pull-up states.

Table8.8 MOSInput Pull-Up States (Port 3)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2, 3(EXPE=1) Off Off Off Off
2, 3 (EXPE =0) Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when P3DDR = 0 and P3PCR = 1; otherwise off.
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85 Port 4

85.1 Overview

Port 4 is an 8-hit I/O port. Port 4 pins also function as 14-bit PWM output pins (PWX1, PWXQO0),
8-bit timer 0 and 1 (TMRO, TMR1) I/O pins (TMCIO, TMRIO, TMOO, TMCI1, TMRI1, TMO1),
timer connection 1/0O pins (CSYNCI, HSYNCI, HSYNCO) (H85/2138 Group only), SCI2 1/O pins
(TxD2, RxD2, SCK?2), IrDA interface I/0 pins (IrTxD, IrRxD), host interface output pins
(HIRQ12, HIRQ1, HIRQ11) (H85/2138 Group only), and the IIC1 1/O pin (SDAL) (optionin
H8S5/2138 Group only). Port 4 pin functions are the same in all operating modes.

Figure 8.12 shows the port 4 pin configuration.

Port 4 pins
> P47 (1/0)/PWX1 (Output)
~— P46 (1/0)/PWXO0 (Output)
la—= P45 (1/0)/TMRI1 (Input)/HIRQ12 (Output)/CSYNCI (Input)
~—m P44 (1/O)/[TMOL1 (Output)/HIRQ1 (Output)/HSYNCO (Output)
~— P43 (1/0)/TMCI1 (Input)/HIRQ11 (Output)/HCYNCI (Input)
<> P42 (I/0)/TMRIO (Input)/SCK2 (1/0)/SDA1 (I/O)
~—» P41 (1/0)/TMOO0 (Output)/RxD2 (Input)/IrRXD (Input)
~—w P40 (I/0)/TMCIO (Input)/TxD2 (Output)/IrTxD (Output)

Port 4

Figure8.12 Port 4 Pin Functions

8.5.2 Register Configuration
Table 8.9 shows the port 4 register configuration.

Table8.9 Port 4 Registers

Name Abbreviation R/W Initial Value Address”
Port 4 data direction register P4DDR w H'00 H'FFB5
Port 4 data register P4DR R/W H'00 H'FFB7

Note: * Lower 16 bits of the address.
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Port 4 Data Direction Register (PADDR)

Bit 7 6 5 4 3 2 1 0
|P47DDR| P46DDR| P45DDR| P44DDR| P43DDR | P42DDR | P41DDR|P4ODDR‘

Initial value 0 0 0 0 0 0
Read/Write w w w W W W w w

o
o

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 4. PADDR cannot be read; if it is, an undefined value will be returned.

When abit in PADDR is set to 1, the corresponding pin functions as an output port, and when
cleared to O, as an input port.

PADDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. As 14-bit PWM and SCI2 are initialized in software standby mode, the
pin states are determined by the TMRO, TMRL, HIF, I1C1, PADDR, and PADR specifications.

Port 4 Data Register (P4DR)

Bit 7 6 5 4 3 2 1 0
| P47DR | P46DR| P45DR | P44DR | P43DR | P42DR | P41DR | P40DR ‘
Initial value 0 0 0 0 0 0 0 0

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

PADR is an 8-bit readable/writable register that stores output data for the port 4 pins (P47 to P40).
If aport 4 read is performed while PADDR bits are set to 1, the PADR values are read directly,
regardless of the actual pin states. If aport 4 read is performed while PADDR bits are cleared to O,
the pin states are read.

PADR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

8.5.3 Pin Functions

Port 4 pins a'so function as 14-bit PWM output pins (PWX1, PWXO0), 8-hit timer 0 and 1 (TMRO,
TMRLY) I/O pins (TMCIO, TMRIO, TMOO, TMCI1, TMRI1, TMOL1), timer connection I/O pins
(CSYNCI, HSYNCI, HSYNCO), SCI2 /0O pins (TxD2, RxD2, SCK2), IrDA interface 1/O pins
(IrTxD, IrRxD), host interface output pins (HIRQ12, HIRQ1, HIRQ11), and the IC1 1/O pin
(SDAL). The port 4 pin functions are shown in table 8.10.
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Table8.10 Port 4 Pin Functions

Pin Selection Method and Pin Functions
P47/PWX1 The pin function is switched as shown below according to the combination of
bit OEB in DACR of 14-bit PWM, and bit PA7DDR.
OEB 0 1
P47DDR 0 1 —
Pin function P47 input pin P47 output pin PWX1 output pin
P46/PWX0 The pin function is switched as shown below according to the combination of
bit OEA in DACR of 14-bit PWM, and bit PA6DDR.
OEA 0 1
P46DDR 0 1 —
Pin function P46 input pin P46 output pin PWXO0 output pin
PA5/TMRI1/ The pin function is switched as shown below according to the combination of
HIRQ12/CSYNCI the operating mode and bit P45DDR.
P45DDR 0 1
Operating — Not slave mode Slave mode
mode
Pin function P45 input pin P45 output pin HIRQ12 output pin
TMRI1 input pin, CSYNCI input pin

When bits CCLR1 and CCLRO in TCR1 of TMR1 are set to 1, this pin is used
as the TMRI1 input pin. It can also be used as the CSYNCI input pin.

P44/TMO1/ The pin function is switched as shown below according to the combination of
HIRQ1/HSYNCO the operating mode, bits OS3 to OS0 in TCSR of TMR1, bit HOE in TCONRO
of the timer connection function, and bit P44DDR.

HOE 0 1

0S3to 0OS0 AllO Not all 0 —

P44DDR 0 1 — —

Operating — Not slave Slave — —

mode mode mode

Pin function P44 P44 HIRQ1 TMO1 HSYNCO
input pin | output pin | output pin | output pin | output pin
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Pin

Selection Method and Pin Functions

P43/TMCI1/
HIRQ11/HSYNCI

The pin function is switched as shown below according to the combination of
the operating mode and bit P43DDR.

P43DDR 0 1

Operating — Not slave mode Slave mode

mode

Pin function P43 input pin P43 output pin HIRQ11 output pin
TMCIL input pin, HSYNCI input pin

When an external clock is selected with bits CKS2 to CKSO0 in TCR1 of TMR1,
this pin is used as the TMCI1 input pin. It can also be used as the HSYNCI
input pin.

P42/TMRI0O/
SCK2/SDA1

The pin function is switched as shown below according to the combination of
bit ICE in ICCR of lIC1, bits CKE1 and CKEO in SCR of SCI2, bit C/A in SMR
of SCI2, and bit P42DDR.

ICE 0 1

CKE1 0 1 0

C/A 0 1 — 0

CKEO 0 1 — — 0

P42DDR 0 1 — — — —

Pin function P42 P42 SCK2 SCK2 SCK2 SDAl
input pin |output pin|output pin|output pin| input pin | /O pin

TMRIO input pin

When this pin is used as the SDAL I/O pin, bits CKE1 and CKEO in SCR of
SCI2 and bit C/A in SMR of SCI2 must all be cleared to 0. SDA1 is an NMOS-
only output, and has direct bus drive capability.

When bits CCLR1 and CCLRO in TCRO of TMRO are set to 1, this pin is used
as the TMRIOQ input pin.
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Pin Selection Method and Pin Functions
P41/TMOO/RxD2/ The pin function is switched as shown below according to the combination of
IrRxD bits OS3 to OS0 in TCSR of TMRO, bit RE in SCR of SCI2 and bit P41DDR.

0S3to 0OSO AllO Not all 0

RE 1 0

P41DDR 0 1 — —

Pin function P41 P41 RxD2/IrRxD TMOO0
input pin output pin input pin output pin

When this pin is used as the TMOO output pin, bit RE in SCR of SCI2 must be

cleared to 0.

P40/TMCI0/TxD2/
IrTxD

The pin function is switched as shown below according to the combination of
bit TE in SCR of SCI2 and bit P40DDR.

TE 0 1
P40DDR 0 1 —
Pin function P40 P40 TxD2/IrTxD
input pin output pin output pin
TMCIO input pin

When an external clock is selected with bits CKS2 to CKSO0 in TCRO of TMRO,
this pin is used as the TMCIO input pin.

RENESAS
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8.6 Port 5

8.6.1 Overview

Port 5isa 3-bit 1/0 port. Port 5 pins a so function as SCIO0 1/0 pins (TxDO0, RxD0, SCKO0), and the
[1CO I/O pin (SCLO) (option in H8S/2138 Group only). In the H85/2138 Group, P52 and SCKO
are NMOS push-pull outputs, and SCLO is an NMOS open-drain output. Port 5 pin functions are

the samein al operating modes.

Figure 8.13 shows the port 5 pin configuration.

Port 5 pins

~—» P52 (I/0)/SCKO (I/0)/SCLO (1/0)
Port5 \e—» P51 (1/0)/RxDO (Input)
~—» P50 (I/0)/TxDO0 (Output)

Figure8.13 Port 5 Pin Functions

8.6.2 Register Configuration
Table 8.11 shows the port 5 register configuration.

Table8.11 Port 5 Registers

Name Abbreviation R/W Initial Value Address”
Port 5 data direction register PS5DDR w H'F8 H'FFB8
Port 5 data register P5DR R/W H'F8 H'FFBA

Note: * Lower 16 bits of the address.
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Port 5 Data Direction Register (PSDDR)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | — |P52DDR|P51DDR|P50DDR‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — w W w

P5DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 5. PSDDR cannot be read; if it is, an undefined value will be returned. Bits 7 to 3 are
reserved.

Setting a PSDDR hit to 1 makes the corresponding port 5 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P5DDR isinitialized to H'F8 by areset and in hardware standby mode. It retains its prior statein
software standby mode. As SCIO0 isinitialized, the pin states are determined by the [1CO ICCR,
P5DDR, and P5DR specifications.

Port 5 Data Register (P5DR)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | — | P52DR | P51DR | P50DR ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

P5DR is an 8-bit readable/writable register that stores output data for the port 5 pins (P52 to P50).
If aport 5 read is performed while PSDDR bits are set to 1, the PSDR values are read directly,
regardless of the actual pin states. If aport 5 read is performed while PSDDR bits are cleared to O,
the pin states are read.

Bits 7 to 3 are reserved; they cannot be modified and are always read as 1.

P5DRisinitialized to H'F8 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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8.6.3 Pin Functions

Port 5 pins also function as SCI0 /O pins (TxDO0, RxD0, SCK0) and the I1CO I/O pin (SCLO). The
port 5 pin functions are shown in table 8.12.

Table8.12 Port 5 Pin Functions

Pin Selection Method and Pin Functions
P52/SCKO/SCLO  The pin function is switched as shown below according to the combination of
bits CKE1 and CKEO in SCR of SCIO, bit C/A in SMR of SCIO0, bit ICE in ICCR
of 1IC0, and bit P52DDR.
ICE 0 1
CKE1 0 1 0
C/A 0 1 — 0
CKEO 0 1 — — 0
P52DDR 0 1 — — — —
Pin function P52 P52 SCKO SCKO SCKO SCLO
input pin |output pin|output pin|output pin| input pin | 1/O pin
When this pin is used as the SCLO I/O pin, bits CKE1 and CKEO in SCR of
SCI0 and bit C/A in SMR of SCI0 must all be cleared to O.
SCLO is an NMOS open-drain output, and has direct bus drive capability.
In the H8S/2138 Group, when set as the P52 output pin or SCKO output pin,
this pin is an NMOS push-pull output.
P51/RxD0 The pin function is switched as shown below according to the combination of
bit RE in SCR of SCI0 and bit P51DDR.
RE 0 1
P51DDR 0 1 —
Pin function P51 input pin P51 output pin RxDO input pin
P50/TxDO0 The pin function is switched as shown below according to the combination of
bit TE in SCR of SCIO and bit PSODDR.
TE 0 1
P50DDR 0 1 —
Pin function P50 input pin P50 output pin TxDO output pin
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8.7 Port 6

87.1 Overview

Port 6 is an 8-bit 1/0 port. Port 6 pins also function as the 16-bit free-running timer (FRT) 1/0 pins
(FTOA, FTOB, FTIA to FTID, FTCI), timer X (TMRX) 1/O pins (TMOX, TMIX) (H85/2138
Group only), thetimer Y (TMRY) input pin (TMIY), timer connection 1/0 pins (HFBACKI,
VSYNCI, VSYNCO, VFBACKI, CLAMPO) (H85/2138 Group only), key-sense interrupt input
pins (KIN7 to KINO), expansion A/D converter input pins (CIN7 to CINO), and external interrupt
input pins (IRQ7, IRQ6). In the H8S/2138 Group, the port 6 input level can be switched in four
stages. Port 6 pin functions are the same in all operating modes.

Figure 8.14 shows the port 6 pin configuration.

Port 6 pins

e P67 (I/0)/TMOX (Output)/KIN7 (Input)/CIN7 (Input)/IRQ7 (Input)

— P66 (I/0)/FTOB (Output)/KING (Input)/CING (Input)/IRQ6 (Input)

—» P65 (I/O)/FTID (Input)/KIN5 (Input)/CIN5 (Input)

«—» P64 (I/O)/FTIC (Input)/KIN4 (Input)/CIN4 (Input)/CLAMPO (Output)

a— P63 (I/O)/FTIB (Input)/KIN3 (Input)/CIN3 (Input)/VFBACKI (Input)

— P62 (I/O)/FTIA (Input)/KINZ (Input)/CIN2 (Input)/VSYNCI (Input)/TMIY (Input)
~— P61 (I/0)/FTOA (Output)/KINT (Input)/CIN1 (Input)/VSYNCO (Output)

—= P60 (I/O)/FTCI (Input)/KINO (Input)/CINO (Input)/HFBACKI (Input)/TMIX (Input)

Port 6

Figure8.14 Port 6 Pin Functions
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8.7.2 Register Configuration
Table 8.13 shows the port 6 register configuration.

Table8.13 Port 6 Registers

Name Abbreviation R/W Initial Value Address™
Port 6 data direction register P6DDR W H'00 H'FFB9
Port 6 data register P6DR R/W H'00 H'FFBB
Port 6 MOS pull-up control register KMPCR R/W H'00 H'FFF2**
System control register 2 SYSCR2 R/W H'00 H'FF83

Notes: 1. Lower 16 bits of the address.

2. KMPCR has the same address as TICRR/TCORAY of TMRX/TMRY. To select
KMPCR, set the HIF bitto 1 in SYSCR and clear the MSTP2 bit to 0 in MSTPCRL.

Port 6 Data Direction Register (P6DDR)

Bit 7 6 5 4 3 2 1 0

| P67DDR| P66DDR| P65DDR| P64DDR| P63DDR | P62DDR | P61DDR|P60DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w w W W W w w

P6DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 6. PEBDDR cannot be read; if it is, an undefined value will be returned.

Setting a P6DDR hit to 1 makes the corresponding port 6 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P6DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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Port 6 Data Register (P6DR)

Bit 7 6 5 4 3 2 1 0
| P67DR | P66DR| P65DR | P64DR | P63DR | P62DR | P61DR | P60DR ‘
Initial value 0 0 0 0 0 0 0 0

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

P6DR is an 8-bit readable/writable register that stores output data for the port 6 pins (P67 to P60).
If aport 6 read is performed while PBDDR bits are set to 1, the P6DR values are read directly,
regardless of the actual pin states. If aport 6 read is performed while PGDDR bits are cleared to O,
the pin states are read.

PEDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.

Port 6 MOS Pull-Up Control Register (KMPCR)

Bit 7 6 5 4 3 2 1 0
‘KM7PCR‘KM6PCR‘KMSPCR‘KM4PCR‘KM3PCR‘KMZPCR‘KMlPCR‘KMOPCR‘
Initial value 0 0 0 0 0 0 0 0

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

KMPCR is an 8-hit readabl e/writable register that controls the port 6 on-chip MOS input pull-ups
on a bit-by-bit basis.

The MOS input pull-up is turned on when a KMPCR bhit is set to 1 while the corresponding
PEDDR hit is cleared to O (input port setting).

KMPCR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Rev. 4.00 Jun 06, 2006 page 223 of 1004
REJ09B0301-0400

RENESAS



Section 8 1/0 Ports

System Control Register 2 (SYSCR2) [H85/2138 Group Only]

Bit 7 6 5 4 3 2 1 0
‘KWULl \ KWULO‘ P6PUE \ — \ SDE \ CS4E \ CS3E \ HI12E \

Initial value 0 0 0 0 0 0 0 0

Read/Write  RW  RW  RW — RW RW RW  RW

SY SCR2 is an 8-hit readable/writable register that controls port 6 input level selection and the
operation of host interface functions.

Only bits 7, 6, and 5 are described here. See section 17.2.2, System Control Register 2 (SY SCR2),
for information on bits 4 to 0.

SYSCR2 isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Key Wakeup Level 1 and 0 (KWUL 1, KWULO): The port 6 input level setting
can be changed by software, using these bits. The setting of these bits also changes the input level
of the pin functions multiplexed with port 6.

Bit 7 Bit 6

KWUL1 KWULO Description

0 0 Standard input level is selected as port 6 input level  (Initial value)
1 Input level 1 is selected as port 6 input level

1 0 Input level 2 is selected as port 6 input level
1 Input level 3 is selected as port 6 input level

Bit 5—Port 6 Input Pull-Up Extra (P6PUE): Controls and selects the current specification for
the port 6 MOS input pull-up function connected by means of KMPCR settings.

Bit 5

P6PUE Description

0 Standard current specification is selected for port 6 MOS input pull-up function
(Initial value)

1 Current-limit specification is selected for port 6 MOS input pull-up function
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8.7.3

Pin Functions

Port 6 pins also function as the 16-bit free-running timer (FRT) 1/0O pins (FTOA, FTOB, FTIA to
FTID, FTCI), timer X (TMRX) 1/0 pins (TMOX, TMIX), thetimer Y (TMRY) input pin (TMI1Y),
timer connection /O pins (HFBACKI, VSYNCI, VSYNCO, VFBACKI, CLAMPO), key-sense
interrupt input pins (KIN7 to KINO), expansion A/D converter input pins (CIN7 to CINO), and
external interrupt input pins (IRQ7, IRQ6). In the H8S/2138 Group, the port 6 input level can be
switched in four stages. The port 6 pin functions are shown in table 8.14.

Table8.14 Port 6 Pin Functions

Pin

Selection Method and Pin Functions

P67/TMOX/IRQ7/
KIN7/CIN7

The pin function is switched as shown below according to the combination of
bits OS3 to OS0 in TCSR of TMRX and bit P67DDR.

0S3 to OSO AllO Not all 0
P67DDR 0 1 —
Pin function P67 input pin P67 output pin TMOX output pin

IRQ7 input pin, KIN7 input pin, CIN7 input pin

This pin is used as the IRQ7 input pin when bit IRQ7E is setto 1 in IER.
It can always be used as the KIN7 or CIN7 input pin.

P66/FTOB/IRQ6/
KING/CING

The pin function is switched as shown below according to the combination of
bit OEB in TOCR of the FRT and bit P66DDR.

OEB 0 1
P66DDR 0 1 —
Pin function P66 input pin P66 output pin FTOB output pin

IRQ6 input pin, KING input pin, CING input pin

This pin is used as the IRQ6 input pin when bit IRQ6E is setto 1 in IER.
It can always be used as the KIN6 or CING input pin.

P65/FTID/KINS/
CIN5S

P65DDR

0

1

Pin function

P65 input pin

P65 output pin

FTID input pin, KIN5 input pin, CIN5 input pin

This pin can always be used as the FTID, KIN5, or CIN5 input pin.
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Pin

Selection Method and Pin Functions

P64/FTIC/KIN4/
CIN4/CLAMPO

The pin function is switched as shown below according to the combination of
bit CLOE in TCONRO of the timer connection function and bit P64DDR.

CLOE 0 1

P64DDR 0 1 —
Pin function P64 P64 CLAMPO
input pin output pin output pin

FTIC input pin, KIN4 input pin, CIN4 input pin

This pin can always be used as the FTIC, KIN4, or CIN4 input pin.

P63/FTIB/KINS/
CIN3/VFBACKI

P63DDR

0

1

Pin function

P63 input pin

P63 output pin

CIN3 input pin

FTIB input pin, VFBACKI input pin, KIN3 input pin,

This pin can always be used as the FTIB, KIN3, CIN3, or VFBACKI input pin.

PE62/FTIAITMIY/
KIN2/CIN2/
VSYNCI

P62DDR

0

1

Pin function

P62 input pin

P62 output pin

FTIA input pin, VSYNCI input pin, TMIY input pin,
KIN2 input pin, CIN2 input pin

This pin can always be used as the FTIA, TMIY, KIN2, CIN2, or VSYNCI input

pin.

P61/FTOA/KIN1/
CIN1/VSYNCO

The pin function is switched as shown below according to the combination of
bit OEA in TOCR of the FRT, bit VOE in TCONRO of the timer connection

function, and bit P61DDR.

VOE 0

OEA 0 1 0

P61DDR 0 1 — —

Pin function P61 P61 FTOA VSYNCO
input pin output pin output pin output pin

KIN1 input pin, CIN1 input pin

When this pin is used as the VSYNCO pin, bit OEA in TOCR of the FRT must

be cleared to 0.

This pin can always be used as the KIN1 or CIN1 input pin.
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Pin Selection Method and Pin Functions

P60/FTCI/TMIX/ P60DDR 0 1
KINO/CINO/ Pin function P60 input pin P60 output pin
HFBACKI

FTCI input pin, HFBACKI input pin, TMIX input pin,
KINO input pin, CINO input pin

This pin is used as the FTCI input pin when an external clock is selected with
bits CKS1 and CKSO0 in TCR of the FRT.

It can always be used as the TMIX, KINO, CINO, or HFBACKI input pin.

8.7.4 MOS Input Pull-Up Function

Port 6 has an on-chip MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in any operating mode, and can be specified as on or off on a
bit-by-hit basis.

When a P6DDR hit is cleared to O, setting the corresponding KMPCR hit to 1 turns on the MOS
input pull-up for that pin. The MOS input pull-up current specification can be changed by means
of the PEBPUE bit. When a pin is designated as an on-chip supporting module output pin, the MOS
input pull-up is always off.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state is retained in software standby mode.

Table 8.15 summarizes the MOS input pull-up states.

Table8.15 MOSInput Pull-Up States (Port 6)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2,3 Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when P6DDR = 0 and KMPCR = 1; otherwise off.
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8.8 Port 7

88.1 Overview

Port 7 is an 8-bit input port. Port 7 pins also function asthe A/D converter analog input pins (ANO
to AN7) and D/A converter analog output pins (DAO, DA1). Port 7 functions are the samein al
operating modes.

Figure 8.15 shows the port 7 pin configuration.

Port 7 pins

a—w P77 (Input)/AN7 (Input)/DAL (Output)
~— P76 (Input)/AN6 (Input)/DAO (Output)
~—— P75 (Input)/AN5 (Input)
~—— P74 (Input)/AN4 (Input)
~—— P73 (Input)/AN3 (Input)
~—— P72 (Input)/AN2 (Input)
~—— P71 (Input)/AN1 (Input)
~—— P70 (Input)/ANO (Input)

Port 7

Figure8.15 Port 7 Pin Functions

882 Register Configuration

Table 8.16 shows the port 7 register configuration. Port 7 is an input-only port, and does not have
adatadirection register or dataregister.

Table8.16 Port 7 Registers

Name Abbreviation R/W Initial Value Address®

Port 7 input data register P7PIN R Undefined H'FFBE

Note: * Lower 16 bits of the address.
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Port 7 Input Data Register (P7PIN)

Bit 7 6 5 4 3 2 1 0

| P77PIN | P76PIN| P75PIN| P74PIN | P73PIN | P72PIN | P71PIN | P70PIN ‘
Initial value —* —* —* —* —* —* —* —*
Read/Write R R R R R R R R

Note: * Determined by the state of pins P77 to P70.
When a P7PIN read is performed, the pin states are always read.

8.8.3 Pin Functions

Port 7 pins also function as the A/D converter analog input pins (ANO to AN7) and D/A converter
analog output pins (DAO, DA1).
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8.9 Port 8

89.1 Overview

Port 8 is an 8-hit 1/0 port. Port 8 pins also function as SCI1 1/O pins (TxD1, RxD1, SCK1), the
[1C1 1/0 pin (SCL1) (option in H8S/2138 Group only), HIF I/O pins (CS2, GA20, HAO, HIFSD)
(H85/2138 Group only), and external interrupt input pins (IRQ5 to IRQ3). Port 8 pin functions are

the samein al operating modes. Figure 8.16 shows the port 8 pin configuration.

Port 8 pins

Port8 |« = P83 (1/0)

<= P80 (I/0)/HAO (Input)

~— P82 (I/O)/HIFSD (Input)
~— P81 (1/0)/CS2 (Input)/GA20 (Output)

~— P86 (I/0)/IRQ5 (Input)/SCK1 (I/O)/SCL1 (1/O)
~—» P85 (1/0)/IRQ4 (Input)/RxD1 (Input)
~—» P84 (1/0)/IRQ3 (Input)/TxD1 (Output)

Figure8.16 Port 8 Pin Functions

8.9.2 Register Configuration
Table 8.17 summarizes the port 8 registers.

Table8.17 Port 8 Registers

Name Abbreviation R/W Initial Value Address”
Port 8 data direction register P8DDR w H'80 H'FFBD
Port 8 data register P8DR R/W H'80 H'FFBF

Note: * Lower 16 bits of the address.
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Port 8 Data Direction Register (PSDDR)

Bit 7 6 5 4 3 2 1 0

\ — \ P86DDR \ P85DDR \ P84DDR \ P83DDR \ P82DDR \ P81DDR \ PSODDR \
Initial value 1 0 0 0 0 0 0 0
Read/Write — W w w w w w w

PBDDR isa 7-bit write-only register, the individual bits of which specify input or output for the
pins of port 8.

Setting a PBDDR bit to 1 makes the corresponding port 8 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

PBDDR isinitialized to H'80 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 8 Data Register (P8DR)

Bit 7 6 5 4 3 2 1 0
\ — \ P86DR \ P85DR \ P84DR \ P83DR \ P82DR \ P81DR \ PSODR \

Initial value 1 0 0 0 0 0 0 0

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

P8DR is a 7-hit readable/writable register that stores output data for the port 8 pins (P86 to P80). If
aport 8 read is performed while PBDDR bits are set to 1, the PBDR values are read directly,
regardless of the actual pin states. If aport 8 read is performed while PBDDR bits are cleared to O,
the pin states are read.

P8DR isinitialized to H'80 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

8.9.3 Pin Functions

Port 8 pins also function as SCI 1 I/O pins (TxD1, RxD1, SCK1), the [IC1 I/O pin (SCL1), HIF
1/O pins (CS2, GA20, HAO, HIFSD), and external interrupt input pins (IRQ5 to IRQ3). The port 8
pin functions are shown in table 8.18.
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Table8.18 Port 8 Pin Functions

Pin

Selection Method and Pin Functions

P86/IRQ5/SCK1/

SCL1

The pin function is switched as shown below according to the combination of

bits CKE1 and CKEO in SCR of SCI1, bit C/A in SMR of SCI1, bit ICE in ICCR
of [IC1, and bit P86DDR.

ICE 0 1

CKE1 0 1 0

C/A 0 1 — 0

CKEO 0 1 — — 0

P86DDR 0 1 — — — —

Pin function P86 P86 SCK1 SCK1 SCK1 SCL1
input pin |output pin|output pin|output pin| input pin | /O pin

TRQS5 input pin

When the IRQS5E bit in IER is set to 1, this pin is used as the IRQ5 input pin.
When this pin is used as the SCLL1 I/O pin, bits CKE1 and CKEO in SCR of
SCI1 and bit C/A in SMR of SCI1 must all be cleared to 0. SCL1 is an NMOS-
only output, and has direct bus drive capability.

P85/IRQ4/RxD1

The pin function is switched as shown below according to the combination of
bit RE in SCR of SCI1 and bit P85DDR.

RE 0 1

P85DDR 0 1 —

Pin function P85 input pin P85 output pin RxD1 input pin
TRQ4 input pin

When the IRQ4E bit in IER is set to 1, this pin is used as the IRQ4 input pin.

P84/IRQ3/TxD1

The pin function is switched as shown below according to the combination of
bit TE in SCR of SCI1 and bit PB4DDR.

TE 0 1

P84DDR 0 1 —

Pin function P84 input pin P84 output pin TxD1 output pin
IRQ3 input pin

When the IRQ3E bit in IER is set to 1, this pin is used as the IRQS input pin.
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Pin Selection Method and Pin Functions
P83 The pin function is switched as shown below according to bit PB3DDR.
P83DDR 0 1
Pin function P83 input pin P83 output pin
P82/HIFSD The pin function is switched as shown below according to the combination of
operating mode, bit SDE in SYSCR2 of the HIF, and bit P82DDR.
Operating Not slave mode Slave mode
mode
SDE — 0 1
P82DDR 0 1 0 1 —
Pin function P82 P82 P82 P82 HIFSD
input pin | output pin | inputpin | output pin | input pin
P81/GA20/CS2 The pin function is switched as shown below according to the combination of
operating mode, bit CS2E, bit FGA20E in HICR of the HIF, and bit P81DDR.
Operating Not slave mode Slave mode
mode
FGA20E — 0 1
CS2E — 0 1 —
P81DDR 0 1 0 1 — 0 1
Pin function | P81 P81 P81 P81 CS2 P81 GA20
input | output | input | output | input input | output
pin pin pin pin pin pin pin
This pin should be used as the GA20 or CS2 output pin only in mode 2 or 3
(EXPE = 0).
P80/HAO The pin function is switched as shown below according to the combination of

operating mode and bit PS8ODDR.

Operating Not slave mode Slave mode
mode

P80ODDR 0 1 —

Pin function P80 input pin P80 output pin HAO input pin
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8.10 Port 9

8.10.1 Overview

Port 9 is an 8-bit I/O port. Port 9 pins also function as external interrupt input pins (IRQO to

IRQ2), the A/D converter external trigger input pin (ADTRG), host interface input pins (ECS2,
CS1, IOW, IOR) (H85/2138 Group only), the [1CO I/O pin (SDAO) (option in H8S/2138 Group
only), the subclock input pin (EXCL), bus control signal 1/0 pins (AS/IOS, RD, WR, WAIT), and
the system clock (¢) output pin. In the H8S/2138 Group, P97 isan NMOS push-pull output. SDAO

isan NMOS open-drain output, and has direct bus drive capability.

Figure 8.17 shows the port 9 pin configuration.

Port 9 pins Pin functions in modes 1, 2 and 3 (EXPE = 1)
— P97/ WAIT/SDAO WAIT (Input)/P97 (1/0)/SDAO (I/0)
.= POB/@EXCL @ (Output)/P96 (Input)/EXCL (Input)
= P95/AS/I0S/CST AS (Output)/IOS (Output)
Porto [+ P94/WR/IOW WR (Output)
«—» P93/RD/IOR RD (Output)
s P92/[RQO P92 (1/0)/IRQO (Input)
- P91/IRQT P91 (I/0)/IRQ1 (Input)
+—» P90/IRQ2/ADTRG/ECS2 P90 (I/0)/TRQ2 (Input)/ADTRG (Input)

Pin functions in modes 2 and 3 (EXPE = 0)

P97 (1/0)/SDAO (I/O)

P96 (Input)/e (Output)/EXCL (Input)

P95 (I/0)/CST (Input)

P94 (I/0)/IOW (Input)

P93 (1/0)/I0R (Input)

P92 (I/0)/TRQO (Input)

P91 (I/O)TRQT (Input)

P90 (I/0)/IRQ2 (Input)/ADTRG (Input)/ECS2 (Input)

Figure8.17 Port 9 Pin Functions
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8.10.2 Register Configuration
Table 8.19 summarizes the port 9 registers.

Table8.19 Port 9 Registers

Name Abbreviation R/W Initial Value Address™
Port 9 data direction register PODDR w H'40/H'00™* H'FFCO
Port 9 data register PODR R/W H'00 H'FFC1

Notes: 1. Lower 16 bits of the address.
2. Initial value depends on the mode.

Port 9 Data Direction Register (P9DDR)

Bit 7 6 5 4 3 2 1 0
\ P97DDR \ P96DDR \ P95DDR \ P94DDR \ P93DDR \ P92DDR \ P91DDR \ P9ODDR \
Mode 1
Initial value 0 1 0 0 0 0 0 0
Read/Write w W W W W W W
Modes 2 and 3
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W W W W W W

PODDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 9. PODDR cannot be read; if it is, an undefined value will be returned.

PODDR isinitialized to H'40 (mode 1) or H'00 (modes 2 and 3) by areset and in hardware standby
mode. It retainsits prior state in software standby mode.

* Modes1, 2, and 3(EXPE=1)
Pin P97 functions as a bus control input (WAIT), the I1CO I/O pin (SDAO), or an 1/0 port,
according to the wait mode setting. When P97 functions as an 1/O port, it becomes an output
port when P97DDR is set to 1, and an input port when P97DDR is cleared to O.

Pin P96 functions as the ¢ output pin when P96DDR is set to 1, and as the subclock input
(EXCL) or an input port when P96DDR is cleared to 0.

Pins P95 to P93 automatically become bus control outputs (AS/IOS, WR, RD), regardless of
the input/output direction indicated by PO95DDR to P93DDR.

Pins P92 and P90 become output ports when P92DDR and P9ODDR are set to 1, and input
ports when P92DDR and P91DDR are cleared to 0.

Rev. 4.00 Jun 06, 2006 page 235 of 1004
REJ09B0301-0400

RENESAS



Section 8 1/0 Ports

«  Modes 2 and 3 (EXPE = 0)

When the corresponding PODDR bits are set to 1, pin P96 functions as the ¢ output pin and
pins P97 and P95 to PA0 become output ports. When PODDR bits are cleared to O, the
corresponding pins become input ports.

Port 9 Data Register (P9DR)

Bit 7 6 5 4 3 2 1 0

] P97DR ] P96DR \ P95DR \ P94DR \ P93DR \ P92DR \ P91DR \ P9ODR \
Initial value 0 - 0 0 0 0 0 0
Read/Write R/W R R/W R/W R/W R/W R/W R/W

Note: * Determined by the state of pin P96.

PODR is an 8-bit readable/writable register that stores output data for the port 9 pins (P97 to P0).
With the exception of P96, if aport 9 read is performed while PODDR bits are set to 1, the PODR
values are read directly, regardless of the actual pin states. If aport 9 read is performed while
PODDR hits are cleared to 0, the pin states are read.

PODR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.

8.10.3 Pin Functions

Port 9 pins also function as external interrupt input pins (IRQO to IRQ2), the A/D converter trigger

input pin (ADTRG), HIF input pins (ECS2, CS1, IOW, IOR), the [1CO I/O pin (SDAO), the
subclock input pin (EXCL), bus control signal 1/0 pins (AS/IOS, RD, WR, WAIT), and the
system clock (¢q) output pin. The pin functions differ between the mode 1, 2, and 3 (EXPE = 1)
expanded modes and the mode 2 and 3 (EXPE = 0) single-chip modes. The port 9 pin functions

are shown in table 8.20.
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Table8.20 Port 9 Pin Functions

Pin Selection Method and Pin Functions

P97/WAIT/SDAO  The pin function is switched as shown below according to the combination of
operating mode, bit WMS1 in WSCR, bit ICE in ICCR of IICO0, and bit P97DDR.

Operating Modes 1, 2, 3 (EXPE =1) Modes 2, 3 (EXPE =0)
mode

WMS1 0 1 —

ICE 0 1 — 0 1
P97DDR 0 1 — — 0 1 —

Pin function | P97 P97 SDAO | WAIT P97 P97 SDAO
input | output | I/O pin | input input | output | I/O pin

pin pin pin pin pin
In the H8S/2138 Group, when this pin is set as the P97 output pin, itis an
NMOS push-pull output. SDAO is an NMOS open-drain output, and has direct
bus drive capability.

P96/(/EXCL The pin function is switched as shown below according to the combination of
bit EXCLE in LPWRCR and bit P96DDR.
P96DDR 0 1
EXCLE 0 1 0
Pin function P96 input pin EXCL input pin @ output pin

When this pin is used as the EXCL input pin, P96DDR should be cleared to O.

|
|
|

P95/AS/IOS/CS1  The pin function is switched as shown below according to the combination of
operating mode, bit IOSE in SYSCR, bit HI12E in SYSCR2, and bit P95DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
HI12E — 0 1
P95DDR — 0 1 —
IOSE 0 1 — — —
Pin function AS 10S P95 P95 CSi
output pin | output pin | inputpin | outputpin | inputpin
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Pin Selection Method and Pin Functions
P94/WR/IOW The pin function is switched as shown below according to the combination of
operating mode, bit HI12E in SYSCR2, and bit P94DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
HI12E — 0 1
P94DDR — 0 1 —
Pin function WR P94 P94 oW
output pin input pin output pin input pin
P93/RD/IOR The pin function is switched as shown below according to the combination of
operating mode, bit HI12E in SYSCR2, and bit P93DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
HI12E — 0 1
P93DDR — 0 1 —
Pin function | RD output pin | P93 input pin | P93 output pin | 1OR input pin
P92/IRQ0 P92DDR 0 1
Pin function P92 input pin P92 output pin
TRQO input pin
When bit IRQOE in IER is set to 1, this pin is used as the IRQO input pin.
P91/IRQT P91DDR 0 1
Pin function P91 input pin P91 output pin

IRQ1 input pin

When bit IRQ1E in IER is set to 1, this pin is used as the IRQ1 input pin.
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Pin

Selection Method and Pin Functions

P90/IRQ2/

ADTRG/ECS2

The pin function is switched as shown below according to the combination of
operating mode, bits HI12E and CS2E in SYSCR2, bit FGA20E in HICR, and

bit POODDR.

Operating Modes 1, 2, 3 Modes 2, 3

mode (EXPE =1) (EXPE =0)

HI12E — Any one O 1

FGA20E — 1

CS2E — 1

P90DDR 0 1 0 1 —

Pin function P90 P90 P90 P90 ECS2
input pin | output pin | inputpin | outputpin | input pin

TRQ2 input pin, ADTRG input pin

pin is used as the ADTRG input pin.

When the IRQZ2E bit in IER is set to 1, this pin is used as the IRQ2 input pin.
When TRGS1 and TRGSO0 in ADCR of the A/D converter are both set to 1, this
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Section 9 8-Bit PWM Timers [H85/2138 Group]

91 Overview

The H8/2138 Group has an on-chip pulse width modulation (PWM) timer module with sixteen
outputs. Sixteen output waveforms are generated from a common time base, enabling PWM
output with ahigh carrier frequency to be produced using pulse division. The PWM timer module
has sixteen 8-bit PWM data registers (PWDRs), and an output pulse with a duty cycle of 0 to
100% can be obtained as specified by PWDR and the port data register (P1DR or P2DR).

911 Features
The PWM timer module has the following features.

* Operable at amaximum carrier frequency of 1.25 MHz using pulse division (at 20-MHz
operation)

e Duty cyclesfrom 0 to 100% with 1/256 resolution (100% duty realized by port output)

» Direct or inverted PWM output, and PWM output enable/disable control

Rev. 4.00 Jun 06, 2006 page 241 of 1004
REJ09B0301-0400
RENESAS



Section 9 8-Bit PWM Timers [H8S/2138 Group]

9.1.2 Block Diagram

Figure 9.1 shows a block diagram of the PWM timer module.
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Figure9.1 Block Diagram of PWM Timer Module
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9.1.3 Pin Configuration

Table 9.1 shows the PWM output pin.

Table9.1 Pin Configuration
Name Abbreviation I/0 Function
PWM output pin 0 to 15 PWO to PW15 Output PWM timer pulse output O to 15

9.14

Register Configuration

Table 9.2 lists the registers of the PWM timer module.

Table9.2 PWM Timer Module Registers
Name Abbreviation R/W Initial Value  Address™
PWM register select PWSL R/W H'20 H'FFD6
PWM data registers 0 to 15 PWDRO to R/W H'00 H'FFD7
PWDR15
PWM data polarity register A PWDPRA R/W H'00 H'FFDS
PWM data polarity register B PWDPRB R/W H'00 H'FFD4
PWM output enable register A PWOERA R/W H'00 H'FFD3
PWM output enable register B PWOERB R/W H'00 H'FFD2
Port 1 data direction register P1DDR W H'00 H'FFBO
Port 2 data direction register P2DDR W H'00 H'FFB1
Port 1 data register P1DR R/W H'00 H'FFB2
Port 2 data register P2DR R/W H'00 H'FFB3
Peripheral clock select register PCSR R/W H'00 H'FF82*?
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1.

Lower 16 bits of the address.

2. Some registers in the 8-bit timer are assigned in the same addresses as other registers.
In this case, register selection is performed by the FLSHE bit in the serial timer control

register (STCR).
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9.2 Register Descriptions

921 PWM Register Select (PWSL)

Bit 7 6 5 4 3 2 1 0

‘ PWCKE‘ PWCKS‘ — ‘ — ‘ RS3 ‘ RS2 ‘ RS1 ‘ RSO ‘
Initial value 0 0 1 0 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

PWSL isan 8-bit readable/writable register used to select the PWM timer input clock and the
PWM dataregister.

PWSL isinitialized to H'20 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 and 6—PWM Clock Enable, PWM Clock Select (PWCKE, PWCKS): These bits,
together with bits PWCK A and PWCKB in PCSR, select the internal clock input to TCNT in the
PWM timer.

PWSL PCSR
Bit 7 Bit 6 Bit 2 Bit 1
PWCKE PWCKS PWCKB PWCKA Description
0 — — — Clock input is disabled (Initial value)
1 0 — — @ (system clock) is selected
0 0 @2 is selected
1 @4 is selected
1 0 @8 is selected
1 @16 is selected

The PWM resolution, PWM conversion period, and carrier frequency depend on the selected
internal clock, and can be found from the following equations.

Resolution (minimum pulse width) = 1/internal clock frequency
PWM conversion period = resolution x 256
Carrier frequency = 16/PWM conversion period

Thus, with a20-MHz system clock (¢), the resolution, PWM conversion period, and carrier
frequency are as shown below.
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Table9.3

Internal Clock

PWM Conversion

Resolution, PWM Conversion Period, and Carrier Frequency when ¢ =20 MHz

Frequency Resolution Period Carrier Frequency
[0} 50 ns 12.8 s 1250 kHz

@2 100 ns 25.6 us 625 kHz

@4 200 ns 51.2 us 312.5 kHz

@8 400 ns 102.4 ps 156.3 kHz

@16 800 ns 204.8 ps 78.1 kHz

Bit 5—Reserved: Thisbit isawaysread as 1 and cannot be modified.

Bit 4—Reserved: Thisbit is always read as 0 and cannot be modified.

Bits3to 0—Register Select (RS3 to RS0): These hits select the PWM data register.

Bit 3 Bit 2 Bit 1 Bit 0
RS3 RS2 RS1 RSO Register Selection
0 0 0 0 PWDRO selected
1 PWDR1 selected
1 0 PWDR?2 selected
1 PWDR3 selected
1 0 0 PWDR4 selected
1 PWDRS5 selected
1 0 PWDR6 selected
1 PWDRY7 selected
1 0 0 0 PWDRS selected
1 PWDR9 selected
1 0 PWDR10 selected
1 PWDR11 selected
1 0 0 PWDR12 selected
1 PWDR13 selected
1 0 PWDR14 selected
1 PWDR15 selected
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9.2.2 PWM Data Registers (PWDRO to PWDR15)

Bit ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each PWDR is an 8-hit readable/writable register that specifies the duty cycle of the basic pulse to
be output, and the number of additional pulses. The value set in PWDR correspondsto a0 or 1
ratio in the conversion period. The upper 4 bits specify the duty cycle of the basic pulse as 0/16 to
15/16 with aresolution of 1/16. The lower 4 bits specify how many extra pulses are to be added
within the conversion period comprising 16 basic pulses. Thus, a specification of 0/256 to 255/256
ispossible for 0/1 ratios within the conversion period. For 256/256 (100%) output, port output
should be used.

PWDR isinitialized to H'00 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

9.23 PWM Data Polarity Registers A and B (PWDPRA and PWDPRB)

PWDPRA
Bit 7 6 5 4 3 2 1 0

‘ 0s7 ‘ 0S6 ‘ 0S5 ‘ 0s4 ‘ 0S3 ‘ 0Ss2 ‘ 0Os1 ‘ 0Ss0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PWDPRB
Bit 7 6 5 4 3 2 1 0

‘ 0s15 ‘ 0s14 ‘ 0s13 ‘ 0s12 ‘ 0s11 ‘ 0s10 ‘ 0Ss9 ‘ 0S8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each PWDPR is an 8-hit readable/writable register that controls the polarity of the PWM output.
Bits OS0 to OS15 correspond to outputs PWO to PW15.
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PWDPR isinitialized to H'00 by areset and in hardware standby mode.

oS Description

0 PWM direct output (PWDR value corresponds to high width of output)  (Initial value)

PWM inverted output (PWDR value corresponds to low width of output)

9.24 PWM Output Enable Registers A and B (PWOERA and PWOERB)

PWOERA
Bit 7 6 5 4 3 2 1 0

‘ OE7 ‘ OE6 ‘ OE5 ‘ OE4 ‘ OE3 ‘ OE2 ‘ OE1 ‘ OEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PWOERB
Bit 7 6 5 4 3 2 1 0

‘ OE15 ‘ OE14 ‘ OE13 ‘ OE12 ‘ OE11 ‘ OE10 ‘ OE9 ‘ OES8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each PWOER is an 8-hit readable/writable register that switches between PWM output and port
output. Bits OE15 to OEO correspond to outputs PW15 to PWO0. To set apin in the output state, a
setting in the port direction register is also necessary. Bits PL7DDR to PIODDR correspond to
outputs PW7 to PWO0, and bits P27DDR to P20DDR correspond to outputs PW15 to PW8.

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

DDR OE Description

0 0 Port input (Initial value)
1 Port input

1 0 Port output or PWM 256/256 output
1 PWM output (0 to 255/256 output)
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9.25 Peripheral Clock Select Register (PCSR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ PWCKB ‘ PWCKA‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — R/W R/W —

PCSR is an 8-bit readable/writable register that selects the PWM timer input clock.
PCSR isinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2 and 1—PWM Clock Select (PWCKB, PWCKA): Together with bits PWCKE and
PWCKS in PWSL, these bits select the internal clock input to TCNT in the PWM timer. For
details, see section 9.2.1, PWM Register Select (PWSL).

Bit 0—Reserved: Do not set this bit to 1.

9.2.6 Port 1 Data Direction Register (PLDDR)

Bit 7 6 5 4 3 2 1 0

‘ P17DDR‘ P16DDR‘ PlSDDR‘ P14DDR‘ P13DDR ‘ P12DDR ‘ PllDDR‘PlODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w w w w W W W

P1DDR isan 8-hit write-only register that specifies the input/output direction and PWM output for
each pin of port 1 on abit-by-bit basis.

Port 1 pins are multiplexed with pins PWO to PW7. The bit corresponding to a pin to be used for
PWM output should be set to 1.

For details on PIDDR, see section 8.2, Port 1.
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9.2.7 Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0

‘ P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P22DDR ‘ P21DDR ‘ PZODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W W w W W W

P2DDR is an 8-hit write-only register that specifies the input/output direction and PWM output for
each pin of port Jon abit-by-bit basis.

Port 2 pins are multiplexed with pins PW8 to PW15. The bit corresponding to a pin to be used for
PWM output should be set to 1.

For details on P2DDR, see section 8.3, Port 2.

9.2.8 Port 1 Data Register (P1DR)

Bit 7 6 5 4 3 2 1 0

‘ P17DR ‘ PlGDR‘ P15DR ‘ P14DR ‘ P13DR ‘ P12DR ‘ P11DR ‘ P10DR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit readable/writable register used to fix PWM output at 1 (when OS = 0) or O (when
0sS=1).

For details on P1DR, see section 8.2, Port 1.

9.29 Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0

‘ P27DR ‘ P26DR‘ P25DR ‘ P24DR ‘ P23DR ‘ P22DR ‘ P21DR ‘ P20DR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P2DR is an 8-bit readable/writable register used to fix PWM output at 1 (when OS = 0) or O (when
0s=1).

For details on P2DR, see section 8.3, Port 2.
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9.210 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP11 bit is set to 1, 8-bit PWM timer operation is halted and atransition is made to
module stop mode. For details, see section 24.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 3—Module Stop (M STP11): Specifies PWM module stop mode.

MSTPCRH

Bit 3

MSTP11 Description

0 PWM module stop mode is cleared

1 PWM module stop mode is set (Initial value)
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9.3 Operation

931 Correspondence between PWM Data Register Contents and Output Waveform

The upper 4 bits of PWDR specify the duty cycle of the basic pulse as 0/16 to 15/16 with a
resolution of 1/16, as shown in table 9.4.

Table9.4 Duty Cycleof Basic Pulse

Upper 4 Bits Basic Pulse Waveform (Internal)
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0000
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0010

0011
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The lower 4 bits of PWDR specify the position of pulses added to the 16 basic pulses, as shown in
table 9.5. An additional pulse consists of a high period (when OS = 0) with awidth equal to the

resolution, added before the rising edge of a basic pulse. When the upper 4 bits of PWDR are

0000, there is no rising edge of the basic pulse, but the timing for adding pulses is the same.

Table9.5 Position of Pulses Added to Basic Pulses
Lower 4 Bits Basic Pulse No.
0 1 2 3 4 5 6 7 8 9 (10|11 |12 |13 |14 | 15

0000
0001 Yes
0010 Yes Yes
0011 Yes Yes Yes
0100 Yes Yes Yes Yes
0101 Yes Yes Yes Yes Yes
0110 Yes Yes Yes Yes Yes Yes
0111 Yes Yes Yes Yes Yes Yes Yes
1000 Yes Yes Yes Yes Yes Yes Yes Yes
1001 Yes Yes Yes Yes Yes Yes Yes|Yes|Yes
1010 Yes Yes Yes|Yes|Yes Yes Yes Yes|Yes|Yes
1011 Yes Yes Yes|Yes|Yes Yes|Yes|Yes Yes|Yes|Yes
1100 Yes|Yes|Yes Yes|Yes|Yes Yes|Yes|Yes Yes|Yes|Yes
1101 Yes|Yes|Yes Yes|Yes|Yes Yes|Yes|Yes|Yes|Yes|Yes| Yes
1110 Yes|Yes|Yes|Yes|Yes|Yes|Yes Yes|Yes|Yes|Yes|Yes|Yes|Yes
1111 Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes

No additional pulse

Additional pulse provided

»{ &« Resolution width

L11447 Additional pulse

Figure9.2 Example of Additional Pulse Timing (When Upper 4 Bits of PWDR = 1000)

Rev. 4.00 Jun 06, 2006 page 252 of 1004

REJ09B0301-0400

RENESAS




Section 10 14-Bit PWM D/A

Section 10 14-Bit PWM D/A

10.1 Overview

The H85/2138 Group and H8S/2134 Group have an on-chip 14-bit pulse-width modulator (PWM)
with two output channels.

Each channel can be connected to an external low-passfilter to operate as a 14-bit D/A converter.

Both channels share the same counter (DACNT) and control register (DACR).

10.1.1 Features
The features of the 14-bit PWM D/A are listed below.

» The pulseissubdivided into multiple base cycles to reduce ripple.
» Two resolution settings and two base cycle settings are available

The resolution can be set equal to one or two system clock cycles. The base cycle can be set
equalto T x 64 or T x 256, where T is the resolution.

e Four operating rates

The two resolution settings and two base cycle settings combine to give a selection of four
operating rates.
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10.1.2

Block Diagram

Figure 10.1 shows a block diagram of the PWM D/A module.

Internal clock

s

——— ¢

@2

Clock

Clock selection

PWX0 ~—

PWX1 ]

Basic cycle
compare-match A

Internal data bus

Fine-adjustment
pulse addition A

Basic cycle
compare-match B

Comparator
A

DADRA

Fine-adjustment
pulse addition B

Control logic

Basic cycle overflow

Comparator
B

DADRB

<>
<>

i

S|

Legend:
DACR:

DADRA:
DADRSB:
DACNT:

DACNT

PWM D/A control register ( 6 bits)
PWM D/A data register A (15 bits)
PWM D/A data register B (15 bits)
PWM D/A counter (14 bits)

DACR

Module data bus

Figure10.1 PWM D/A Block Diagram
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10.1.3  Pin Configuration
Table 10.1 lists the pins used by the PWM D/A module.

Table10.1 Input and Output Pins

Name Abbr. I/0 Function
PWM output pin 0 PWXO0 Output PWM output, channel A
PWM output pin 1 PWX1 Output PWM output, channel B

10.1.4 Register Configuration
Table 10.2 lists the registers of the PWM D/A module.

Table10.2 Register Configuration

Name Abbreviation R/W Initial value Address™
PWM D/A control register DACR R/W H'30 H'FFAQ*?
PWM D/A data register A high DADRAH R/W H'FF H'FFAQ*?
PWM D/A data register A low DADRAL R/W H'FF HFFA1*?
PWM D/A data register B high DADRBH R/W H'FF HFFA6*?
PWM D/A data register B low DADRBL R/W H'FF HFFA7*?
PWM D/A counter high DACNTH R/W H'00 H'FFA6™
PWM D/A counter low DACNTL R/W H'03 HFFA7*?
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.

2. Registers in the 14-bit PWM timer are assigned to the same addresses as the other
registers. In this case, register selection is performed by the IICE bit in the serial timer
control register (STCR), and also the same addresses are shared by DADRAH and
DACR, and by DADRB and DACNT. Switching is performed by the REGS bit in DACNT
or DADRB.
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10.2 Register Descriptions

10.21 PWM D/A Counter (DACNT)

| DACNTH D DACNTL |

Bit (CPU) |15 14 13 12 11 10 9 8| 7 6 5 4 3 2 1 0 |
BIT(Countery 7 6 5 4 3 2 1 0 8 9 10 11 12 13 — —
N O O I

Initial value 0 0 0 0 0 0 o0 0 0 0 0 0 0 0 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW — RMW

DACNT isa 14-bit readable/writable up-counter that increments on an input clock pulse. The
input clock is selected by the clock select bit (CKS) in DACR. The CPU can read and write the
DACNT value, but since DACNT isa 16-bit register, data transfers between it and the CPU are
performed using atemporary register (TEMP). See section 10.3, Bus Master Interface, for details.

DACNT functions as the time base for both PWM D/A channels. When a channel operates with
14-bit precision, it uses all DACNT bits. When a channel operates with 12-bit precision, it uses the
lower 12 (counter) bits and ignores the upper two (counter) bits.

DACNT isinitialized to H'0003 by areset, in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode, and by the PWME bhit.

Bit 1 of DACNTL (CPU) isnot used, and is awaysread as 1.

DACNTL Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS it specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit 0

REGS Description

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)
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10.2.2 D/A Data Registers A and B (DADRA and DADRB)

Bit (CPU)
Bit (Data)
DADRA
Initial value
Read/Write

DADRB
Initial value
Read/Write

DADRH DADRL

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
13 12 11 10 9 8 7 6 5 4 3 2 1 0o — —
DA13|DA12|DA11|DA10| DA9 | DA8 | DA7 | DAG | DA5 | DA4| DA3| DA2| DA1| DAO|CFS| —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RIW RW RW RW RW RW RW RW RW RW RW RW RW RW RW —
DA13|DA12|DA11|DA10| DA9 | DA8 | DA7 | DAG | DAS | DA4 | DA3| DA2| DALl | DAO| CFS [REGS
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RIW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

There are two 16-bit readable/writable D/A dataregisters: DADRA and DADRB. DADRA
corresponds to PWM D/A channel A, and DADRB to PWM D/A channel B. The CPU can read
and write the PWM D/A dataregister values, but since DADRA and DADRB are 16-hit registers,
data transfers between them and the CPU are performed using atemporary register (TEMP). See

section 10.3, Bus Master Interface, for details.

Theleast significant (CPU) bit of DADRA isnot used and is always read as 1.

DADRisinitialized to H'FFFF by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.
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Bits 15to 3—PWM D/A Data 13to 0 (DA13to DAO): Thedigital value to be converted to an
analog valueis set in the upper 14 bits of the PWM D/A data register.

In each base cycle, the DACNT value is continually compared with these upper 14 bitsto
determine the duty cycle of the output waveform, and to decide whether to output a fine-
adjustment pulse equal in width to the resolution. To enable this operation, the data register must
be set within arange that depends on the carrier frequency select bit (CFS). If the DADR valueis
outside this range, the PWM output is held constant.

A channel can be operated with 12-bit precision by keeping the two lowest data bits (DAO and
DA1) cleared to 0 and writing the data to be converted in the upper 12 bits. The two lowest data
bits correspond to the two highest counter (DACNT) bits.

Bit 1—Carrier Frequency Select (CFS)

Bit 1
CFS Description
0 Base cycle = resolution (T) x 64
DADR range = H'0401 to H'FFFD
1 Base cycle = resolution (T) x 256 (Initial value)

DADR range = H'0103 to H'FFFF

DADRA Bit 0—Reserved: Thisbit cannot be modified and is alwaysread as 1.

DADRB Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS bit specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit 0

REGS Description

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)
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10.23 PWM D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0

| TEST | PWME| — | — | OEB | OEA | oS | CKS |
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

DACR isan 8-hit readable/writable register that selects test mode, enables the PWM outputs, and
selects the output phase and operating speed.

DACRIisinitialized to H'30 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bit 7—Test Mode (TEST): Selectstest mode, which isused in testing the chip. Normally this bit
should be cleared to 0.

Bit 7

TEST Description

0 PWM (D/A) in user state: normal operation (Initial value)
1 PWM (D/A) in test state: correct conversion results unobtainable

Bit 6—PWM Enable (PWME): Starts or stopsthe PWM D/A counter (DACNT).

Bit 6

PWME Description

0 DACNT operates as a 14-bit up-counter (Initial value)
1 DACNT halts at H'0003

Bits 5 and 4—Reserved: These bits cannot be modified and are awaysread as 1.

Bit 3—Output Enable B (OEB): Enables or disables output on PWM D/A channel B.

Bit 3

OEB Description

0 PWM (D/A) channel B output (at the PWXL1 pin) is disabled (Initial value)
1 PWM (D/A) channel B output (at the PWX1 pin) is enabled
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Bit 2—Output Enable A (OEA): Enables or disables output on PWM D/A channel A.

Bit 2

OEA Description

0 PWM (D/A) channel A output (at the PWXO pin) is disabled (Initial value)
1 PWM (D/A) channel A output (at the PWXO0 pin) is enabled

Bit 1—Output Select (OS): Selects the phase of the PWM D/A output.

Bit 1

(O] Description

0 Direct PWM output (Initial value)
1 Inverted PWM output

Bit 0—Clock Select (CKS): Selectsthe PWM D/A resolution. If the system clock (¢) frequency
is10 MHz, resolutions of 100 ns and 200 ns can be selected.

Bit 0

CKS Description

0 Operates at resolution (T) = system clock cycle time (t,,) (Initial value)
1 Operates at resolution (T) = system clock cycle time (t, ) x 2
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10.24 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
maode control.

When the MSTP11 bit is set to 1, 14-bit PWM timer operation is halted and atransition is made to
module stop mode. For details, see section 24.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 3—Module Stop (M STP11): Specifies PWM X module stop mode.

MSTPCRH

Bit 3

MSTP11  Description

0 PWMX module stop mode is cleared

1 PWMX module stop mode is set (Initial value)
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10.3 BusMaster Interface

DACNT, DADRA, and DADRB are 16-hit registers. The data bus linking the bus master and the
on-chip supporting modules, however, isonly 8 bits wide. When the bus master accesses these
registers, it therefore uses an 8-bit temporary register (TEMP).

These registers are written and read as follows (taking the example of the CPU interface).

Write

When the upper byte iswritten, the upper-byte write data is stored in TEMP. Next, when the
lower byte iswritten, the lower-byte write data and TEMP value are combined, and the
combined 16-bit value is written in the register.

* Read

When the upper byte isread, the upper-byte value is transferred to the CPU and the lower-byte
valueistransferred to TEMP. Next, when the lower byteis read, the lower-byte valuein
TEMPistransferred to the CPU.

These registers should always be accessed 16 bits at atime using an MOV instruction (by word
access or two consecutive byte accesses), and the upper byte should always be accessed before the
lower byte. Correct datawill not be transferred if only the upper byte or only the lower byte is
accessed. Also note that a bit manipulation instruction cannot be used to access these registers.

Figure 10.2 shows the data flow for accessto DACNT. The other registers are accessed similarly.

Example 1: Writeto DACNT

MOV. W RO, @DACNT : Write RO contentsto DACNT

Example 2: Read DADRA

MOV. W @DADRA, RO ; Copy contents of DADRA to RO
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Table 10.3 Read and Write Access Methodsfor 16-Bit Registers

Read Write
Register Name Word Byte Word Byte
DADRA and DADRB Yes Yes Yes X
DACNT Yes X Yes X

Notes: Yes: Permitted type of access. Word access includes successive byte accesses to the
upper byte (first) and lower byte (second).

X:  This type of access may give incorrect results.

Upper-Byte Write

Module data bus
Bus

CPU -' interface
(H'AA)
Upper byte

TEMP

(H'AA)

Uiy

DACNTH | DACNTL
¢ ) ¢ )

Lower-Byte Write

CpU interface
(H'57)
Lower byte

Module data bus

DACNTH | DACNTL
(H'AA) (H'57)

Figure10.2 (a) Accessto DACNT (CPU WritesH'AA57 to DACNT)
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Upper-Byte Read

cPU ” _ Bus
interface

Module data bus

(H'AA)
Upper byte
TEMP
(H'57)
NS
DACNTH | DACNTL
(H'AA) (H'57)

Lower-Byte Read

cPy ” intgrl;eslce
(H'57)
Lower byte

Module data bus

TEMP
(H'57)

U1 U

DACNTH | DACNTL
C ) ¢ )

Figure10.2 (b) Accessto DACNT (CPU ReadsH'AA57 from DACNT)
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104  Operation

A PWM waveform like the one shown in figure 10.3 is output from the PWM X pin. When OS =
0, the value in DADR corresponds to the total width (T,) of the low (0) pulses output in one
conversion cycle (256 pulses when CFS = 0, 64 pulses when CFS = 1). When OS = 1, the output
waveform isinverted and the DADR value corresponds to the total width (T,,) of the high (1)
output pulses. Figure 10.4 shows the types of waveform output available.

1 conversion cycle
(T x 214 (= 16384))

A
LA

- .
e I
Basic cycle

(T x64 or T x 256)

LT L

1

L

T: Resolution
m
TL = Z gLn (When OS = O)
=
(When CFS =0, m = 256; when CFS =1, m = 64)

Figure10.3 PWM D/A Operation

Table 10.4 summarizes the relationships of the CKS, CFS, and OS hit settings to the resolution,
base cycle, and conversion cycle. The PWM output remains flat unless DADR contains at least a
certain minimum value. Table 10.4 indicates the range of DADR settings that give an output
waveform like the onein figure 10.3, and lists the conversion cycle length when low-order DADR
bits are kept cleared to 0, reducing the conversion precision to 12 bits or 10 hits.
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Table10.4 Settings and Operation (Exampleswhen ¢=10 MHZz)

. Base | Conversion . Fixed DADR Bits Conversion
Resolution T, (if OS=0) : *
CKS CFS | Cycle Cycle ) _ Precision | Bit Data Cycle
T (us) T,(fOS=1)
(Ms) (us) Bits) [3]2]1]0 (us)
0 0.1 0 6.4 1638.4 . Always low (or high) 14 1638.4
(DADR = H'0001 to
H'O3FD) 12 0|0 409.6
. (Data value) x T
(DADR = H'0401 to 10 olololo 102.4
H'FFFD)
1 25.6 1638.4 . Always low (or high) 14 1638.4
(DADR = H'0003 to
H'00FF) 12 0|0/  409.6
. (Data value) x T
(DADR = H'0103 to 10 olololo 102.4
H'FFFF)
1 0.2 0 12.8 3276.8 . Always low (or high) 14 3276.8
(DADR = H'0001 to
H'O3FD) 12 0/0 819.2
. (Data value) x T
(DADR = H'0401 to 10 ojolo]|o 204.8
H'FFFD)
1 51.2 3276.8 . Always low (or high) 14 3276.8
(DADR = H'0003 to
H'00FF) 12 00 819.2
2. (Data value) x T
(DADR = H'0103 to 10 ololo|o 204.8
H'FFFF)
Note: * This column indicates the conversion cycle when specific DADR bits are fixed.
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1. OS=0(DADR correspondsto T,)

a. CFS=0[basecycle=resolution (T) x 64]

1 conversion cycle

tyy |7 Y255 tro56

L to t3 t 255 t 256
t1 =t =tz =" =tpss =tpse =T x 64

tgtto+ttig+ -+ o5 +tose =T

Figure10.4 (1) Output Waveform

b. CFS=1[base cycle=resolution (T) x 256]

1 conversion cycle

tyy |7 tt63 Y64

L to t3 ti 63 tiea
t1 =t =tz =" =tz =tes =T x 256

tgttottigt - +ttezttiea=TL

Figure10.4 (2) Output Waveform
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2. OS=1(DADR correspondsto T,)

a. CFS=0[basecycle=resolution (T) x 64]

1 conversion cycle

tq |7 Y255 tro56

thy th2 th3 th255 thi256
t =t =ty = - = lss = losg = T X 64

1 + o + iz + - -+ tpss + those = Thy

Figure 10.4 (3) Output Waveform

b. CFS=1[base cycle=resolution (T) x 256]

1 conversion cycle

tq |7 tt63 Y64

th1 tho ths tHes tHe4
=t =tz =" - =tz = trga = T X 256

ty + o g + -+ ez + thea = Ty

Figure 10.4 (4) Output Waveform
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Section 11 16-Bit Free-Running Timer

111  Overview

The H85/2138 Group and H8S/2134 Group have a single-channel on-chip 16-hit free-running
timer (FRT) module that uses a 16-bit free-running counter as atime base. Applications of the
FRT module include rectangular-wave output (up to two independent waveforms), input pulse
width measurement, and measurement of external clock periods.

1111 Features
The features of the free-running timer module are listed below.

e Sdlection of four clock sources
0 The free-running counter can be driven by an internal clock source (¢/2, @¢/8, or ¢/32), or an
external clock input (enabling use as an external event counter).
e Two independent comparators
O Each comparator can generate an independent waveform.
e Four input capture channels
O The current count can be captured on therising or falling edge (selectable) of an input
signal.
O Thefour input capture registers can be used separately, or in a buffer mode.
» Counter can be cleared under program control
0 The free-running counters can be cleared on compare-match A.
» Seven independent interrupts
O Two compare-match interrupts, four input capture interrupts, and one overflow interrupt
can be requested independently.
e Specia functions provided by automatic addition function
O The contents of OCRAR and OCRAF can be added to the contents of OCRA
automatically, enabling a periodic waveform to be generated without software intervention.
0 The contents of ICRD can be added automatically to the contents of OCRDM x 2, enabling
input capture operationsin thisinterval to be restricted.
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the free-running timer.

External Internal
clock source clock sources OCRARIF (HIL) K>
2 '

FTCI ﬁ r @32
Clock select Clock

A
oo}
Y

* Compare-
match A Comparator A
FTOA ~=— Overflow i ‘
FRC(HL) K>
FTOB ~—j Clear
Compare- Comparator B
match B ‘
OCRB (HL) [ 3
©
logic Input capture 2
ETIA ICRA (HIL) >§
| =  ICRB (HIL) =
FTIB —=] —
= IcRCHL) | >
FTIC L=  ICRD (HIL) >
FTID —

[Commorn |5,

Compare-match M ‘ x2

OCRDML [

e o
e |
Lo Joo
Lroen o

L ~ica
ICIB
L= |CIC
—— = ICID
—— = OCIA

——0CIB
—™Fovi

Interrupt signals

Bus interface

Internal
data bus

Legend:

OCRA, B: Output compare register A, B (16 bits) TIER: Timer interrupt enable register (8 bits)
FRC: Free-running counter (16 bits) TCR: Timer control register (8 bits)

ICRA, B, C, D: Input capture register A, B, C, D (16 bits) TOCR: Timer output compare control

TCSR: Timer control/status register (8 bits) register (8 bits)

Figure11.1 Block Diagram of 16-Bit Free-Running Timer
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11.1.3 Input and Output Pins
Table 11.1 lists the input and output pins of the free-running timer module.

Table11.1 Input and Output Pins of Free-Running Timer Module

Name Abbreviation I/0 Function

Counter clock input FTCI Input FRC counter clock input
Output compare A FTOA Output Output compare A output
Output compare B FTOB Output Output compare B output
Input capture A FTIA Input Input capture A input
Input capture B FTIB Input Input capture B input
Input capture C FTIC Input Input capture C input
Input capture D FTID Input Input capture D input
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11.1.4 Register Configuration
Table 11.2 lists the registers of the free-running timer module.

Table11.2 Register Configuration

Name Abbreviation R/W Initial Value Address™*
Timer interrupt enable register TIER R/W H'01 H'FF90
Timer control/status register TCSR RI(W)*? H'00 H'FF91
Free-running counter FRC R/W H'0000 H'FF92
Output compare register A OCRA R/W H'FFFF H'FF94*°
Output compare register B OCRB R/W H'FFFF H'FF94*?
Timer control register TCR R/W H'00 H'FF96
Timer output compare control TOCR R/W H'00 H'FF97
register
Input capture register A ICRA R H'0000 H'FFo8**
Input capture register B ICRB R H'0000 H'FF9A™*
Input capture register C ICRC R H'0000 H'FFoC™*
Input capture register D ICRD R H'0000 H'FFOE
Output compare register AR OCRAR R/W H'FFFF H'FFo8**
Output compare register AF OCRAF R/W H'FFFF H'FF9A™*
Output compare register DM OCRDM R/W H'0000 H'FFOC™*
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Bits 7 to 1 are read-only; only O can be written to clear the flags.
Bit 0 is readable/writable.

3. OCRA and OCRB share the same address. Access is controlled by the OCRS

bit in TOCR.

4, ICRA, ICRB, and ICRC share the same addresses with OCRAR, OCRAF, and

OCRDM. Access is controlled by the ICRS bit in TOCR.
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11.2  Register Descriptions

11.21  Free-Running Counter (FRC)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Inttalvake 0 0o ©0 OO O O O O O O O O ©O0O o0 ©0 ©0
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

FRC is a 16-bit readabl e/writable up-counter that increments on an internal pulse generated from a
clock source. The clock source is selected by bits CKS1 and CKS0 in TCR.

FRC can also be cleared by compare-match A.
When FRC overflows from H'FFFF to H'0000, the overflow flag (OVF) in TCSRisset to 1.

FRC isinitialized to H'0000 by areset and in hardware standby mode.

11.2.2  Output Compare Registers A and B (OCRA, OCRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

OCRA and OCRB are 16-hit readable/writable registers, the contents of which are continually
compared with the value in the FRC. When a match is detected, the corresponding output compare
flags (OCFA or OCFB) issetin TCSR.

In addition, if the output enable bit (OEA or OEB) in TOCR is set to 1, when OCR and FRC
values match, the logic level selected by the output level bit (OLVLA or OLVLB) in TOCR is
output at the output compare pin (FTOA or FTOB). Following areset, the FTOA and FTOB
output levels are O until the first compare-match.

OCRisinitialized to H'FFFF by areset and in hardware standby mode.
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11.2.3 Input Capture Registers A to D (ICRA to ICRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0

Initial value 0 0 0

ReadWrite R R R R R R R R R R R R R R R R

There are four input capture registers, A to D, each of which is a 16-bit read-only register.

When the rising or falling edge of the signal at an input capture input pin (FTIA to FTID) is
detected, the current FRC value is copied to the corresponding input capture register (ICRA to
ICRD). At the same time, the corresponding input capture flag (ICFA to ICFD) in TCSR is set to
1. The input capture edge is selected by the input edge select bits (IEDGA to IEDGD) in TCR.

ICRC and ICRD can be used as ICRA and ICRB buffer registers, respectively, and made to
perform buffer operations, by means of buffer enable bits A and B (BUFEA, BUFEB) in TCR.

Figure 11.2 shows the connections when ICRC is specified asthe ICRA buffer register (BUFEA =
1). When ICRC is used as the ICRA buffer, both rising and falling edges can be specified as
transitions of the external input signal by setting IEDGA # IEDGC. When IEDGA = IEDGC,
either therising or falling edge is designated. See table 11.3.

Note: The FRC contents are transferred to the input capture register regardless of the value of
the input capture flag (ICF).

IEDGA BUFEA IEDGC

Edge detect and

FTIA >— capture signal .
generating circuit

ICRC ICRA FRC

Figure11.2 Input Capture Buffering (Example)
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Table 11.3 Buffered Input Capture Edge Selection (Example)

IEDGA IEDGC Description

0 0 Captured on falling edge of input capture A (FTIA) (Initial value)
1 Captured on both rising and falling edges of input capture A (FTIA)

1 0
1 Captured on rising edge of input capture A (FTIA)

To ensure input capture, the width of the input capture pulse should be at least 1.5 system clock
periods (1.5¢). When triggering is enabled on both edges, the input capture pulse width should be
at least 2.5 system clock periods (2.5¢).

ICRisinitialized to H'0000 by areset and in hardware standby mode.

11.2.4  Output Compare Registers AR and AF (OCRAR, OCRAF)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

OCRAR and OCRAF are 16-hit readabl e/writable registers.

When the OCRAMS bit in TOCR is set to 1, the operation of OCRA is changed to include the use
of OCRAR and OCRAF. The contents of OCRAR and OCRAF are automatically added
aternately to OCRA, and the result is written to OCRA. The write operation is performed on the
occurrence of compare-match A. In the first compare-match A after the OCRAMSbit is set to 1,
OCRAF is added.

The operation due to compare-match A varies according to whether the compare-match follows
addition of OCRAR or OCRAF. The value of the OLVLA bitin TOCR isignored, and 1 is output
on acompare-match A following addition of OCRAF, while 0 is output on a compare-match A
following addition of OCRAR.

When the OCRA automatically addition function is used, do not set internal clock @/2 asthe FRC
counter input clock together with an OCRAR (or OCRAF) value of H'0001 or less.

OCRAR and OCRAF are initialized to H'FFFF by areset and in hardware standby mode.
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11.25 Output Compare Register DM (OCRDM)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Intialvaue o o oo ©o0o o0 O O O O O O O O O o0 O
Read/Write R R R R R R R R RW RW RW RW RW RW RW RW

OCRDM is a 16-hit readabl e/writable register in which the upper 8 bits are fixed at H'00.

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000,
the operation of ICRD is changed to include the use of OCRDM. The point at which input capture
D occursis taken asthe start of amask interval. Next, twice the contents of OCRDM is added to
the contents of ICRD, and the result is compared with the FRC value. The point at which the
values match is taken as the end of the mask interval. New input capture D events are disabled
during the mask interval.

A mask interval is not generated when the ICRDMS hit is set to 1 and the contents of OCRDM are
H'0000.

OCRDM isinitialized to H'0000 by areset and in hardware standby mode.

11.26 Timer Interrupt Enable Register (TIER)

Bit 7 6 5 4 3 2 1 0

‘ ICIAE ‘ ICIBE ‘ ICICE ‘ ICIDE ‘ OCIAE ‘ OCIBE ‘ OVIE ‘ — ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W —

TIER is an 8-bit readable/writable register that enables and disables interrupts.

TIER isinitialized to H'01 by areset and in hardware standby mode.
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Bit 7—Input Capture Interrupt A Enable (ICIAE): Selects whether to request input capture
interrupt A (ICIA) when input capture flag A (ICFA) in TCSRisset to 1.

Bit 7

ICIAE Description

0 Input capture interrupt request A (ICIA) is disabled (Initial value)
1 Input capture interrupt request A (ICIA) is enabled

Bit 6—Input Capture Interrupt B Enable (ICIBE): Selects whether to request input capture
interrupt B (ICI1B) when input capture flag B (ICFB) in TCSR isset to 1.

Bit 6

ICIBE Description

0 Input capture interrupt request B (ICIB) is disabled (Initial value)
1 Input capture interrupt request B (ICIB) is enabled

Bit 5—Input Capture Interrupt C Enable (ICICE): Selects whether to request input capture
interrupt C (ICIC) when input capture flag C (ICFC) in TCSRisset to 1.

Bit 5

ICICE Description

0 Input capture interrupt request C (ICIC) is disabled (Initial value)
1 Input capture interrupt request C (ICIC) is enabled

Bit 4—Input Capture Interrupt D Enable (ICIDE): Selects whether to request input capture
interrupt D (1CID) when input capture flag D (ICFD) in TCSR is set to 1.

Bit 4

ICIDE Description

0 Input capture interrupt request D (ICID) is disabled (Initial value)
1 Input capture interrupt request D (ICID) is enabled
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Bit 3—Output Compare Interrupt A Enable (OCIAE): Selects whether to request output
compare interrupt A (OCIA) when output compare flag A (OCFA) in TCSRisset to 1.

Bit 3
OCIAE Description

0 Output compare interrupt request A (OCIA) is disabled (Initial value)

1 Output compare interrupt request A (OCIA) is enabled

Bit 2—Output Compare Interrupt B Enable (OCIBE): Selects whether to request output
compare interrupt B (OCIB) when output compare flag B (OCFB) in TCSR is set to 1.

Bit 2
OCIBE Description

0 Output compare interrupt request B (OCIB) is disabled (Initial value)

1 Output compare interrupt request B (OCIB) is enabled

Bit 1—Timer Overflow Interrupt Enable (OVIE): Selects whether to request afree-running
timer overflow interrupt (FOV1) when the timer overflow flag (OVF) in TCSRis set to 1.

Bit 1

OVIE Description

0 Timer overflow interrupt request (FOVI) is disabled (Initial value)
1 Timer overflow interrupt request (FOVI) is enabled

Bit 0—Reserved: This bit cannot be modified and is always read as 1.

11.2.7 Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0
‘ ICFA ‘ ICFB ‘ ICFC ‘ ICFD ‘ OCFA ‘ OCFB ‘ OVF ‘ CCLRA ‘
Initial value 0 0 0 0 0 0 0 0

ReadMrite  RIW)* RIW)* RIW)* RIW)* RIW)* RIW)* RIW)* RMW

Note: * Only O can be written in bits 7 to 1 to clear these flags.

TCSRisan 8-hit register used for counter clear selection and control of interrupt request signals.

TCSRisinitialized to H'00 by areset and in hardware standby mode.
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Timing is described in section 11.3, Operation.

Bit 7—Input Capture Flag A (ICFA): This status flag indicates that the FRC value has been
transferred to ICRA by means of an input capture signal. When BUFEA = 1, ICFA indicates that
the old ICRA value has been moved into ICRC and the new FRC value has been transferred to
ICRA.

ICFA must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 7

ICFA Description

0 [Clearing condition] (Initial value)
Read ICFA when ICFA = 1, then write 0 in ICFA

1 [Setting condition]

When an input capture signal causes the FRC value to be transferred to
ICRA

Bit 6—Input Capture Flag B (ICFB): This status flag indicates that the FRC value has been
transferred to ICRB by means of an input capture signal. When BUFEB = 1, ICFB indicates that
the old ICRB value has been moved into ICRD and the new FRC value has been transferred to
ICRB.

ICFB must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 6

ICFB Description

0 [Clearing condition] (Initial value)
Read ICFB when ICFB = 1, then write 0 in ICFB

1 [Setting condition]

When an input capture signal causes the FRC value to be transferred to ICRB

Bit 5—Input Capture Flag C (ICFC): This status flag indicates that the FRC value has been
transferred to ICRC by means of an input capture signal. When BUFEA = 1, on occurrence of the
signal transition in FTIC (input capture signal) specified by the IEDGC bit, ICFC is set but datais
not transferred to ICRC. Therefore, in buffer operation, |CFC can be used as an external interrupt
signal (by setting the ICICE hit to 1).

ICFC must be cleared by software. It is set by hardware, however, and cannot be set by software.
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Bit 5

ICFC Description

0 [Clearing condition] (Initial value)
Read ICFC when ICFC = 1, then write 0 in ICFC

1 [Setting condition]

When an input capture signal is received

Bit 4—Input Capture Flag D (ICFD): This status flag indicates that the FRC value has been
transferred to ICRD by means of an input capture signal. When BUFEB = 1, on occurrence of the
signal transition in FTID (input capture signal) specified by the IEDGD bit, ICFD is set but datais
not transferred to ICRD. Therefore, in buffer operation, ICFD can be used as an external interrupt
by setting the ICIDE bit to 1.

ICFD must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 4

ICFD Description

0 [Clearing condition] (Initial value)
Read ICFD when ICFD = 1, then write 0 in ICFD

1 [Setting condition]

When an input capture signal is received

Bit 3—Output Compare Flag A (OCFA): This status flag indicates that the FRC value matches
the OCRA value. Thisflag must be cleared by software. It is set by hardware, however, and
cannot be set by software.

Bit 3

OCFA Description

0 [Clearing condition] (Initial value)
Read OCFA when OCFA = 1, then write 0 in OCFA

1 [Setting condition]

When FRC = OCRA
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Bit 2—Output Compar e Flag B (OCFB): This status flag indicates that the FRC value matches
the OCRB value. Thisflag must be cleared by software. It is set by hardware, however, and cannot
be set by software.

Bit 2

OCFB Description

0 [Clearing condition] (Initial value)
Read OCFB when OCFB = 1, then write 0 in OCFB

1 [Setting condition]

When FRC = OCRB

Bit 1—Timer Overflow Flag (OVF): This status flag indicates that the FRC has overflowed
(changed from H'FFFF to H'0000). This flag must be cleared by software. It is set by hardware,
however, and cannot be set by software.

Bit 1

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

When FRC changes from H'FFFF to H'0000

Bit 0—Counter Clear A (CCLRA): Thishit selects whether the FRC isto be cleared at compare-
match A (when the FRC and OCRA values match).

Bit 0

CCLRA Description

0 FRC clearing is disabled (Initial value)
1 FRC is cleared at compare-match A
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11.28 Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0

‘ IEDGA ‘ IEDGB ‘ IEDGC ‘ IEDGD ‘ BUFEA ‘ BUFEB ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCR isan 8-bit readable/writable register that selects the rising or falling edge of the input capture
signals, enables the input capture buffer mode, and selects the FRC clock source.

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

Bit 7—Input Edge Select A (IEDGA): Selectstherising or falling edge of the input capture A
signal (FTIA).

Bit 7

IEDGA Description

0 Capture on the falling edge of FTIA (Initial value)
1 Capture on the rising edge of FTIA

Bit 6—Input Edge Select B (IEDGB): Selectstherising or falling edge of the input capture B
signal (FTIB).

Bit 6

IEDGB Description

0 Capture on the falling edge of FTIB (Initial value)
1 Capture on the rising edge of FTIB

Bit 5—Input Edge Select C (IEDGC): Selectstherising or falling edge of the input capture C
signal (FTIC).

Bit 5

IEDGC Description

0 Capture on the falling edge of FTIC (Initial value)
1 Capture on the rising edge of FTIC
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Bit 4—Input Edge Select D (IEDGD): Selectstherising or falling edge of the input capture D
signal (FTID).

Bit 4

IEDGD Description

0 Capture on the falling edge of FTID (Initial value)
1 Capture on the rising edge of FTID

Bit 3—Buffer Enable A (BUFEA): Selects whether ICRC isto be used as a buffer register for
ICRA.

Bit 3

BUFEA Description

0 ICRC is not used as a buffer register for input capture A (Initial value)
1 ICRC is used as a buffer register for input capture A

Bit 2—Buffer Enable B (BUFEB): Selects whether ICRD isto be used as a buffer register for
ICRB.

Bit 2

BUFEB Description

0 ICRD is not used as a buffer register for input capture B (Initial value)
1 ICRD is used as a buffer register for input capture B

Bits 1 and 0—Clock Select (CKS1, CKS0): Select external clock input or one of three internal
clock sources for the FRC. External clock pulses are counted on the rising edge of signalsinput to
the external clock input pin (FTCI).

Bit 1 Bit 0

CKs1 CKSso Description

0 0 @2 internal clock source (Initial value)
1 @8 internal clock source

1 0 @32 internal clock source
1 External clock source (rising edge)
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11.29 Timer Output Compare Control Register (TOCR)

Bit 7 6 5 4 3 2 1 0
‘ICRDMS‘OCRAMS‘ ICRS ‘ OCRS ‘ OEA ‘ OEB ‘ OLVLA ‘ OLVLB ‘

Initial value 0 0 0 0 0 0 0 0

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

TOCR is an 8-hit readable/writable register that enables output from the output compare pins,
selects the output levels, switches access between output compare registers A and B, controls the
ICRD and OCRA operating mode, and switches access to input capture registers A, B, and C.

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

Bit 7—Input Capture D Mode Select (ICRDM S): Specifies whether ICRD is used in the normal
operating mode or in the operating mode using OCRDM.

Bit 7

ICRDMS  Description

0 The normal operating mode is specified for ICRD (Initial value)
1 The operating mode using OCRDM is specified for ICRD

Bit 6—Output Compare A Mode Select (OCRAMYS): Specifies whether OCRA isused in the
normal operating mode or in the operating mode using OCRAR and OCRAF.

Bit 6

OCRAMS Description

0 The normal operating mode is specified for OCRA (Initial value)
1 The operating mode using OCRAR and OCRAF is specified for OCRA

Bit 5—Input Capture Register Select (ICRS): The same addresses are shared by ICRA and
OCRAR, by ICRB and OCRAF, and by ICRC and OCRDM . The ICRS hit determines which
registers are selected when the shared addresses are read or written to. The operation of ICRA,
ICRB, and ICRC is not affected.
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Bit 5

ICRS Description

0 The ICRA, ICRB, and ICRC registers are selected (Initial value)
1 The OCRAR, OCRAF, and OCRDM registers are selected

Bit 4—Output Compare Register Select (OCRS): OCRA and OCRB share the same address.
When this address is accessed, the OCRS hit selects which register is accessed. This bit does not
affect the operation of OCRA or OCRB.

Bit 4

OCRS Description

0 The OCRA register is selected (Initial value)
1 The OCRB register is selected

Bit 3—Output Enable A (OEA): Enables or disables output of the output compare A signal
(FTOA).

Bit 3

OEA Description

0 Output compare A output is disabled (Initial value)
1 Output compare A output is enabled

Bit 2—Output Enable B (OEB): Enables or disables output of the output compare B signal
(FTOB).

Bit 2

OEB Description

0 Output compare B output is disabled (Initial value)
1 Output compare B output is enabled

Bit 1—Output Level A (OLVLA): Selectsthelogic level to be output at the FTOA pinin
response to compare-match A (signal indicating a match between the FRC and OCRA values).
When the OCRAMS hit is 1, this bit isignored.
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Bit 1

OLVLA Description

0 0 output at compare-match A (Initial value)
1 1 output at compare-match A

Bit 0—Output Level B (OLVLB): Selectsthelogic level to be output at the FTOB pinin
response to compare-match B (signal indicating a match between the FRC and OCRB values).

Bit 0

OoLVLB Description

0 0 output at compare-match B (Initial value)
1 1 output at compare-match B

11.2.10 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTPS | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR, comprising two 8-bit readable/writable registers, performs module stop mode control.

When the MSTP13 bit is set to 1, FRT operation is stopped at the end of the bus cycle, and
module stop mode is entered. For details, see section 24.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 5—Module Stop (M STP13): Specifiesthe FRT module stop mode.

MSTPCRH

Bit 5

MSTP13 Description

0 FRT module stop mode is cleared

1 FRT module stop mode is set (Initial value)
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11.3  Operation

11.31 FRC Increment Timing

FRC increments on a pul se generated once for each period of the selected (internal or external)
clock source.

Internal Clock: Any of threeinternal clocks (¢/2, @/8, or ¢/32) created by division of the system
clock () can be selected by making the appropriate setting in bits CKS1 and CKS0 in TCR.
Figure 11.3 shows the increment timing.

——

sl N ’
mewa 7] —
FRC N-1 >GS N X N1

Figure11.3 Increment Timing with Internal Clock Source

External Clock: If external clock input is selected by bits CKS1 and CKS0 in TCR, FRC
increments on the rising edge of the external clock signal.

The pulse width of the external clock signal must be at least 1.5 system clock () periods. The
counter will not increment correctly if the pulse width is shorter than 1.5 system clock periods.

Figure 11.4 shows the increment timing.
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(I:El)c()t(?liri]r?;)ut pin ( | ” I_
T
FRC N X N+ 1)

Figure11.4 Increment Timing with External Clock Source

11.3.2  Output Compare Output Timing

When a compare-match occurs, the logic level selected by the output level bit (OLVLA or
OLVLB) in TOCR is output at the output compare pin (FTOA or FTOB). Figure 11.5 shows the
timing of this operation for compare-match A.

FRC N X N+1 Won X N+ 1

OCRA N \ NN

Compare-match A
signal .

)]
k‘ ( \)
Output compare A " ”

output pin FTOA

OLVLA

Note: * Vertical arrows ( i ) indicate instructions executed by software.

Figure11.5 Timing of Output Compare A Output
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11.3.3 FRC Clear Timing

FRC can be cleared when compare-match A occurs. Figure 11.6 shows the timing of this
operation.

v 1 O A
Compare-match A
signal \

FRC N X H'0000

Figure11.6 Clearing of FRC by Compare-Match A

11.3.4  Input Capture Input Timing

Input Capture Input Timing: Aninternal input capture signal is generated from the rising or
falling edge of the signal at the input capture pin, as selected by the corresponding IEDGx (x = A
to D) bitin TCR. Figure 11.7 shows the usual input capture timing when the rising edge is
selected (IEDGX = 1).

0 S .
Input capture

input pin d |
Input capture ,—\

signal «

Figure11.7 Input Capture Signal Timing (Usual Case)

If the upper byte of ICRA to ICRD is being read when the corresponding input capture signal
arrives, the internal input capture signal is delayed by one system clock (¢) period. Figure 11.8
shows the timing for this case.
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ICRA/B/C/D read cycle

Input capture
input pin > |\\\

Input capture ooooeed —L
signal :

Figure11.8 Input Capture Signal Timing
(Input Capture Input When ICRA/B/C/D |s Read)

Buffered Input Capture Input Timing: ICRC and ICRD can operate as buffersfor ICRA and
ICRB.

Figure 11.9 shows how input capture operates when ICRA and ICRC are used in buffer mode and
IEDGA and IEDGC are set to different values IEDGA = 0and IEDGC =1, or IEDG A =1 and
IEDGC = 0), so that input capture is performed on both the rising and falling edges of FTIA.

o LI LT LT L LI L L LIt
FTIA —|\ . |\
Lr:grlg I(:apture _,—l l—\—

FRC n X n+1 N XN+1
))
))
ICRA M n n N
))
))
ICRC m XAM M Xan

Figure11.9 Buffered Input Capture Timing (Usual Case)
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When ICRC or ICRD is used as a buffer register, itsinput capture flag is set by the selected
transition of itsinput capture signal. For example, if ICRC isused to buffer ICRA, when the edge
transition selected by the IEDGC bit occurs on the FTIC input capture line, ICFC will be set, and
if the ICIEC bit is set, an interrupt will be requested. The FRC value will not be transferred to
ICRC, however.

In buffered input capture, if the upper byte of either of the two registers to which datawill be
transferred (ICRA and ICRC, or ICRB and ICRD) is being read when the input signal arrives,
input capture is delayed by one system clock (¢q) period. Figure 11.10 shows the timing when
BUFEA = 1.

Read cycle:
CPU reads ICRA or ICRC

FTIA —|
Input capture P
signal :

Figure11.10 Buffered Input Capture Timing
(Input CapturelInput When ICRA or ICRC IsRead)
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11.35 Timing of Input Capture Flag (ICF) Setting

Theinput capture flag ICFx (x = A, B, C, D) isset to 1 by theinternal input capture signal. The
FRC value is simultaneously transferred to the corresponding input capture register (ICRx). Figure
11.11 shows the timing of this operation.

¢ S e O A
Input capture
signal \

ICFA to ICFD
FRC \ NN
1./
ICRA to ICRD >< N

Figure11.11 Setting of Input Capture Flag (ICFA to ICFD)
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11.36  Setting of Output Compare FlagsA and B (OCFA, OCFB)

The output compare flags are set to 1 by an internal compare-match signal generated when the
FRC value matches the OCRA or OCRB value. This compare-match signal is generated at the last
state in which the two values match, just before FRC increments to a new value.

Accordingly, when the FRC and OCR values match, the compare-match signal is not generated
until the next period of the clock source. Figure 11.12 shows the timing of the setting of OCFA
and OCFB.

° L

FRC N >< N+1

OCRA or OCRB N

Compare-match
signal \\

OCFA or OCFB |

Figure11.12 Setting of Output Compare Flag (OCFA, OCFB)
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11.3.7  Setting of FRC Overflow Flag (OVF)

The FRC overflow flag (OVF) is set to 1 when FRC overflows (changes from H'FFFF to H'0000).
Figure 11.13 shows the timing of this operation.

0 e

FRC H'FFFF >< H'0000

Overflow signal

OVF |

Figure11.13 Setting of Overflow Flag (OVF)

11.3.8 Automatic Addition of OCRA and OCRAR/OCRAF

When the OCRAMS bit in TOCR is set to 1, the contents of OCRAR and OCRAF are
automatically added to OCRA alternately, and when an OCRA compare-match occurs awriteto
OCRA is performed. The OCRA write timing is shown in figure 11.14.

? B U O O I O O R A

FRC N >< N+1
OCRA N >< N+A
OCRAR, F A

Compare-match
signal

Figure11.14 OCRA Automatic Addition Timing
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11.39 |ICRD and OCRDM Mask Signal Generation

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000, a
signal that masks the ICRD input capture function is generated.

The mask signal is set by the input capture signal. The mask signal setting timing is shown in
figure 11.15.

The mask signal is cleared by the sum of the ICRD contents and twice the OCRDM contents, and
an FRC compare-match. The mask signal clearing timing is shown in figure 11.16.

¢ B

Input capture
signal \

Input capture
mask signal

Figure11.15 Input Capture Mask Signal Setting Timing

FRC N X N+1

ICRD +
OCRDM x 2 N

Compare-match
signal

\

Input capture
mask signal

Figure11.16 Input Capture Mask Signal Clearing Timing
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114  Interrupts

The free-running timer can request seven interrupts (three types): input capture A to D (ICIA,
ICIB, ICIC, ICID), output compare A and B (OCIA and OCIB), and overflow (FOVI). Each
interrupt can be enabled or disabled by an enable bit in TIER. Independent signals are sent to the
interrupt controller for each interrupt. Table 11.4 lists information about these interrupts.

Table11.4 Free-Running Timer Interrupts

Interrupt Description DTC Activation Priority
ICIA Requested by ICFA Possible High
ICIB Requested by ICFB Possible i

ICIC Requested by ICFC Not possible

ICID Requested by ICFD Not possible

OCIA Requested by OCFA Possible

ocCiB Requested by OCFB Possible

FOvI Requested by OVF Not possible Low
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115 Sample Application

In the example below, the free-running timer is used to generate pulse outputs with a 50% duty
cycle and arbitrary phase relationship. The programming is as follows:

e TheCCLRA bitinTCSRissetto 1.

» Each time a compare-match interrupt occurs, software inverts the corresponding output level
bitin TOCR (OLVLA or OLVLB).

FTOB

Figure11.17 Pulse Output (Example)
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11.6  Usage Notes

Application programmers should note that the following types of contention can occur in the free-
running timer.

Contention between FRC Writeand Clear: If an internal counter clear signal is generated
during the state after an FRC write cycle, the clear signal takes priority and the write is not
performed.

Figure 11.18 shows this type of contention.

FRC write cycle

Address >< FRC address ><

Internal write
signal

Counter clear
signal

FRC N >< H'0000

Figure11.18 FRC Write-Clear Contention
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Contention between FRC Write and I ncrement: If an FRC increment pulse is generated during
the state after an FRC write cycle, the write takes priority and FRC is not incremented.

Figure 11.19 shows this type of contention.

FRC write cycle

T1 T2
- =
0 L
Address >< FRC address ><
Internal write signal
FRC input clock
FRC N ></r M

K

Write data

Figure11.19 FRC Write-Increment Contention
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Contention between OCR Write and Compare-Match: If acompare-match occurs during the
state after an OCRA or OCRB write cycle, the write takes priority and the compare-match signal
isinhibited.

Figure 11.20 shows this type of contention.

If automatic addition of OCRAR/OCRAF to OCRA is selected, and a compare-match occursin
the cycle following the OCRA, OCRAR and OCRAF write cycle, the OCRA, OCRAR and
OCRAF write takes priority and the compare-match signal is inhibited. Consequently, the result of
the automatic addition is not written to OCRA.

Figure 11.21 shows this type of contention.

OCRA or OCRB write cycle

Ty T
e e

v L
Address >< OCR address ><
Internal write signal
FRC N >< N+1
OCR N >< s M

k Write data
Compare-match T
signal : | W

Inhibited

Figure11.20 Contention between OCR Write and Compare-Match
(When Automatic Addition Function I's Not Used)
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Address

Internal write
signal

OCRAR
(OCRAF)

Compare-match
signal

FRC

OCRA

i

N

X OCRAR (OCRAF) address>< ><

Old Data >< New Data

The compare-match signal is inhibited and
automatic addition does not occur.

Figure11.21 Contention between OCRAR/OCRAF Write and Compare-Match
(When Automatic Addition Function I's Used)
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Switching of Internal Clock and FRC Operation: When the internal clock is changed, the
changeover may cause FRC to increment. This depends on the time at which the clock select bits

(CKS1 and CKS0) are rewritten, as shown in table 11.5.

When an internal clock is used, the FRC clock is generated on detection of the falling edge of the

internal clock scaled from the system clock (¢). If the clock is ch

anged when the old sourceis high

and the new sourceislow, asin case no. 3 in table 11.5, the changeover isregarded as afalling

edge that triggers the FRC increment clock pulse.
Switching between an internal and external clock can also cause

Table11.5 Switching of Internal Clock and FRC Operation

Timing of Switchover
by Means of CKS1

FRC to increment.

No. and CKSO Bits FRC Operation

1 Switching from |
Clock before |

low to fow switchover J I__, I—, I—
Clock after :
switchover w L
FRC clock _|
FRC N N+1 X
CKS bit rewrite
2 Switching from |

Clock before

low to high switchover

Clock after
switchover

FRC clock

FRC

N+1

CKS bit rewrite
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Timing of Switchover
by Means of CKS1
No. and CKSO Bits FRC Operation

3 Switching from

| Clock before
high to low switchover —,—\—,

[

Clock after
switchover L
T *
FRC clock @ _|
S
FRC N N+t X N+ 2 X

CKS bit rewrite

4 Switching from

| - Clock before
high to high switchover —,—\—, I—,

—

Clock after !
switchover !

FRC clock ]
FRC N X N+ 1 { N+2| X

CKS bit rewrite

Note: * Generated on the assumption that the switchover is a falling edge; FRC is incremented.
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Section 12 8-Bit Timers

121  Overview

The H85/2138 Group and H8S/2134 Group include an 8-bit timer module with two channels
(TMRO and TMRL). Each channel has an 8-hit counter (TCNT) and two time constant registers
(TCORA and TCORB) that are constantly compared with the TCNT value to detect compare-
matches. The 8-bit timer module can be used as a multifunction timer in avariety of applications,
such as generation of arectangular-wave output with an arbitrary duty cycle.

The H85/2138 Group also has two similar 8-bit timer channels (TMRX and TMRY). These
channels can be used in a connected configuration using the timer connection function. TMRX
and TMRY have greater input/output and interrupt function related restrictions than TMRO and
TMR1.

TMRX has a built-in H85/2138, but does not have a built-in H8S/2134.

12.1.1 Features

» Selection of clock sources
0 TMRO, TMR1: The counter input clock can be selected from six internal clocks and an
external clock (enabling use as an external event counter).
O TMRX, TMRY: The counter input clock can be selected from three internal clocks and an
external clock (enabling use as an external event counter).
e Selection of three waysto clear the counters
0 The counters can be cleared on compare-match A or B, or by an external reset signal.
» Timer output controlled by two compare-match signals
O Thetimer output signal in each channel is controlled by two independent compare-match
signals, enabling the timer to be used for various applications, such as the generation of
pulse output or PWM output with an arbitrary duty cycle.
(Note: TMRY does not have atimer output pin.)
» Cascading of the two channels (TMRO, TMR1)
O Operation as a 16-hit timer can be performed using channel 0 as the upper half and channel
1 asthe lower half (16-bit count mode).
0 Channel 1 can be used to count channel 0 compare-match occurrences (compare-match
count mode).
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e Multipleinterrupt sources for each channel
0 TMRO, TMR1, TMRY: Two compare-match interrupts and one overflow interrupt can be
requested independently.
O TMRX: Oneinput capture source is available.

12.1.2 Block Diagram
Figure 12.1 shows a block diagram of the 8-bit timer module (TMRO0 and TMR1).

TMRX and TMRY have asimilar configuration, but cannot be cascaded. TMRX also has an input
capture function. For details, see section 13, Timer Connection [H85/2138 Group].

External clock Internal clock
sources sources
TMRO TMR1 TMRX TMRY
TMCIO @8, @2 @8, @2 [0} @4
TMCI1 @64, @32 @64, @128 @2 @256
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TMOO ~— Overflow 1 ]
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a— O U = T —
L>CMIAO
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— 0VIO

Internal bus

TMOL ~ Control logic
TMRI1 —=

—=CMIA1

— = CMIBl

ovii
Interrupt signals

Figure12.1 Block Diagram of 8-Bit Timer Module
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12.1.3 Pin Configuration
Table 12.1 summarizes the input and output pins of the 8-bit timer module.

Table12.1 8-Bit Timer Input and Output Pins

Channel Name Symbol* 1/0 Function

0 Timer output TMOO Output  Output controlled by compare-match
Timer clock input  TMCIO Input External clock input for the counter
Timer reset input  TMRIO Input External reset input for the counter

1 Timer output TMO1 Output  Output controlled by compare-match
Timer clock input ~ TMCI1 Input External clock input for the counter
Timer reset input  TMRI1 Input External reset input for the counter

X Timer output TMOX Output  Output controlled by compare-match
Timer clock/ HFBACKI/TMIX Input External clock/reset input for the
reset input (TMCIX/ITMRIX) counter

Y Timer clock/reset  VSYNCI/TMIY  Input External clock/reset input for the
input (TMCIY/TMRIY) counter

Note: * The abbreviations TMO, TMCI, and TMRI are used in the text, omitting the channel

number.

Channel X and Y I/O pins have the same internal configuration as channels 0 and 1,
and therefore the same abbreviations are used.
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12.1.4 Register Configuration
Table 12.2 summarizes the registers of the 8-bit timer module.

Table12.2 8-Bit Timer Registers

Channel Name Abbreviation™® R/W Initial value Address™*
0 Timer control register O TCRO R/W H'00 H'FFC8
Timer control/status register 0 TCSRO R/I(W)**  H'00 H'FFCA
Time constant register AO TCORAO R/W H'FF H'FFCC
Time constant register BO TCORBO R/W H'FF H'FFCE
Time counter 0 TCNTO R/W H'00 H'FFDO
1 Timer control register 1 TCR1 R/W H'00 H'FFC9
Timer control/status register 1 TCSR1 R/(W)** H'10 H'FFCB
Time constant register A1 TCORAL R/W H'FF H'FFCD
Time constant register B1 TCORB1 R/W H'FF H'FFCF
Timer counter 1 TCNT1 R/W H'00 H'FFD1
Common Serial timer control register STCR R/W H'00 H'FFC3
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87
Timer connection register S TCONRS R/W H'00 H'FFFE
X Timer control register X TCRX R/W H'00 H'FFFO
Timer control/status register X TCSRX R/I(W)**  H'00 H'FFF1
Time constant register AX TCORAX R/W H'FF H'FFF6
Time constant register BX TCORBX R/W H'FF H'FFF7
Timer counter X TCNTX R/W H'00 H'FFF4
Time constant register C TCORC R/W H'FF H'FFF5
Input capture register R TICRR R H'00 H'FFF2
Input capture register F TICRF R H'00 H'FFF3
Y Timer control register Y TCRY R/W H'00 H'FFFO
Timer control/status register Y TCSRY R/(W)**  H'00 H'FFF1
Time constant register AY TCORAY R/W H'FF H'FFF2
Time constant register BY TCORBY R/W H'FF H'FFF3
Timer counter Y TCNTY R/W H'00 H'FFF4
Timer input select register TISR R/W H'FE H'FFF5

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written in bits 7 to 5, to clear these flags.

3. The abbreviations TCR, TCSR, TCORA, TCORB, and TCNT are used in the text,
omitting the channel designation (0, 1, X, or Y).
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Each pair of registers for channel 0 and channel 1 comprises a 16-bit register with the upper 8 bits
for channel 0 and the lower 8 bits for channel 1, so they can be accessed together by word access.
(Accessis not divided into two 8-bit accesses.)

In the H8S/2138 Group, certain of the channel X and channel Y registers are assigned to the same
address. The TMRX/Y bit in TCONRS determines which register is accessed.

12.2  Register Descriptions

1221 Timer Counter (TCNT)

TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvabe 0 O OO0 O0 O O O O O O O O O O o0 O
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCNTX, TCNTY
Bit 7 6 5 4 3 2 1 0

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

Each TCNT isan 8-bit readable/writable up-counter.

TCNTO and TCNT1 comprise asingle 16-hit register, so they can be accessed together by word
access.

TCNT increments on pulses generated from an internal or external clock source. This clock source
is selected by clock select bits CKS2 to CKS0 in TCR.

TCNT can be cleared by an external reset input signal or compare-match signal. Counter clear bits
CCLR1 and CCLRO in TCR select the method of clearing.

When TCNT overflows from H'FF to H'00, the overflow flag (OVF) in TCSR is set to 1.

The timer counters are initialized to H'00 by areset and in hardware standby mode.
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12.2.2 Time Constant Register A (TCORA)

TCORAO TCORA1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvgloe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORAX, TCORAY
Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/IW R/W R/W R/W R/W R/W R/W R/W
TCORA isan 8-bit readable/writable register.

TCORAO and TCORA1 comprise asingle 16-bit register, so they can be accessed together by
word access.

TCORA iscontinually compared with the value in TCNT. When a match is detected, the
corresponding compare-match flag A (CMFA) in TCSR is set. Note, however, that comparison is
disabled during the T2 state of a TCORA write cycle.

The timer output can be freely controlled by these compare-match signals and the settings of
output select bits OS1 and OS0 in TCSR.

TCORA isinitialized to H'FF by areset and in hardware standby mode.
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12.2.3 Time Constant Register B (TCORB)

TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvgloe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORBX, TCORBY
Bit 7 6 5 4 3 2 1 0

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

TCORB is an 8-hit readable/writable register. TCORBO and TCORB1 comprise a single 16-bit
register, so they can be accessed together by word access.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding compare-match flag B (CMFB) in TCSR is set. Note, however, that comparison is
disabled during the T2 state of a TCORB write cycle.

The timer output can be freely controlled by these compare-match signals and the settings of
output select bits OS3 and OS2 in TCSR.

TCORB isinitialized to H'FF by areset and in hardware standby mode.
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12.2.4  Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0
| CMIEB | CMIEA| OVIE | CCLR1 | CCLRO | CKS2 | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0

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

TCRisan 8-hit readable/writable register that selects the clock source and the time at which
TCNT is cleared, and enables interrupts.

TCRisinitialized to H'00 by areset and in hardware standby mode.
For details of the timing, see section 12.3, Operation.

Bit 7—Compare-Match Interrupt Enable B (CMIEB): Selects whether the CMFB interrupt
request (CMIB) is enabled or disabled when the CMFB flag in TCSR is set to 1.

Note that a CMIB interrupt is not requested by TMRX, regardless of the CMIEB value.

Bit 7

CMIEB Description

0 CMFB interrupt request (CMIB) is disabled (Initial value)
1 CMFB interrupt request (CMIB) is enabled

Bit 6—Compare-Match Interrupt Enable A (CMIEA): Selects whether the CMFA interrupt
request (CMIA) is enabled or disabled when the CMFA flagin TCSRis set to 1.

Note that a CMIA interrupt is not requested by TMRX, regardless of the CMIEA value.

Bit 6

CMIEA Description

0 CMFA interrupt request (CMIA) is disabled (Initial value)
1 CMFA interrupt request (CMIA) is enabled
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Bit 5—Timer Overflow Interrupt Enable (OVIE): Selects whether the OVF interrupt request
(OV1) is enabled or disabled when the OVF flagin TCSR is set to 1.

Note that an OV interrupt is not requested by TMRX, regardless of the OVIE value.

Bit 5

OVIE Description

0 OVF interrupt request (OVI) is disabled (Initial value)
1 OVF interrupt request (OVI) is enabled

Bits4 and 3—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits select the method by which
the timer counter is cleared: by compare-match A or B, or by an external reset input.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Cleared on compare-match A

1 0 Cleared on compare-match B
1 Cleared on rising edge of external reset input

Bits 2to 0—Clock Select 2to 0 (CKS2to CKS0): These bits select whether the clock input to
TCNT isaninternal or external clock.

Theinput clock can be selected from either six or three clocks, all divided from the system clock
(9). Thefalling edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.

Some functions differ between channel 0 and channel 1, because of the cascading function.
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TCR STCR

Bit2 Bitl Bit0O Bitl

Bit 0

Channel CKS2 CKS1 CKSO ICKS1

ICKSO Description

0

o
o

Clock input disabled (Initial value)

@8 internal clock source, counted on the falling edge

@2 internal clock source, counted on the falling edge

@64 internal clock source, counted on the falling edge

@32 internal clock source, counted on the falling edge

@1024 internal clock source, counted on the falling edge

P O|lFR,|O|FR|O

@256 internal clock source, counted on the falling edge

Counted on TCNT1 overflow signal”

Clock input disabled (Initial value)

@8 internal clock source, counted on the falling edge

@2 internal clock source, counted on the falling edge

@64 internal clock source, counted on the falling edge

@128 internal clock source, counted on the falling edge

@1024 internal clock source, counted on the falling edge

@2048 internal clock source, counted on the falling edge

Counted on TCNTO compare-match A*

Clock input disabled (Initial value)

Counted on @internal clock source

@2 internal clock source, counted on the falling edge

@4 internal clock source, counted on the falling edge

Clock input disabled

Clock input disabled (Initial value)

@4 internal clock source, counted on the falling edge

@256 internal clock source, counted on the falling edge

@'2048 internal clock source, counted on the falling edge

Clock input disabled

Common

External clock source, counted at rising edge

External clock source, counted at falling edge

kPP PO OO ORI Oj0Ol0O|OCO|rP|O|]O|l0O|O|lO0O|0O|O|FP|O OCO|]OC|O|OC|O)| O
k|, OoO|O|lFR|R OlOC|O|lFR|P|O|lCO|O|FR|FRP|FRP|RP|lO|lO|O|O|FR|FP|FR|FL,|O|O
kOl O|rRP|IO|FrP|OC|O|FRP|O|FrRP|OC|O|FRP|FRP|O|OC|FRP|P|O|OC|FRP|FRP|OC|O|FR|PF

External clock source, counted at both rising and falling
edges

Note: * If the count input of channel 0 is the TCNT1 overflow signal and that of channel 1 is the TCNTO
compare-match signal, no incrementing clock will be generated. Do not use this setting.
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1225 Timer Control/Status Register (TCSR)

TCSRO

Bit 7 6 5 4 3 2 1 0
CMFB CMFA OVF ADTE 0S3 0S2 OS1 0OS0

Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/(W)* R/W)* R/W)* RW RW  RW RW  RW

TCSR1

Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF — 0S3 0Ss2 0s1 0S0

Initial value 0 0 0 1 0 0 0 0

Read/Write R/(W)*  R/(W)* R/(W)* — R/W R/W R/W R/W

TCSRX

Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ICF 0S3 0Ss2 0Os1 0s0

Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/(W)* R/W)* R/W)* RI(W)* RMW  RW RW  RW

TCSRY

Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ICIE 0S3 OS2 0OSs1 OS0

Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/(W)* R/W)* R/(W)* RW RW RW RW RW

Note: * Only 0 can be written in bits 7 to 5, and in bit 4 in TCSRX, to clear these flags.

TCSR is an 8-hit register that indicates compare-match and overflow statuses (and input capture
statusin TMRX only), and controls compare-match output.

TCSRO, TCSRX, and TCSRY areinitialized to H'00, and TCSR1 isinitialized to H'10, by areset
and in hardware standby mode.

Rev. 4.00 Jun 06, 2006 page 315 of 1004
REJ09B0301-0400
RENESAS



Section 12 8-Bit Timers

Bit 7—Compare-Match Flag B (CMFB): Status flag indicating whether the values of TCNT and
TCORB match.

Bit 7
CMFB Description
0 [Clearing conditions] (Initial value)

¢ Read CMFB when CMFB =1, then write 0 in CMFB
¢ When the DTC is activated by a CMIB interrupt

1 [Setting condition]
When TCNT = TCORB

Bit 6—Compare-match Flag A (CMFA): Status flag indicating whether the values of TCNT and
TCORA match.

Bit 6
CMFA Description
0 [Clearing conditions] (Initial value)

* Read CMFA when CMFA = 1, then write 0 in CMFA
e When the DTC is activated by a CMIA interrupt

1 [Setting condition]
When TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag indicating that TCNT has overflowed (changed
from H'FF to H'00).

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

When TCNT overflows from H'FF to H'00
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TCSRO

Bit 4—A/D Trigger Enable (ADTE): Enables or disables A/D converter start requests by
compare-match A.

Bit 4

ADTE Description

0 A/D converter start requests by compare-match A are disabled (Initial value)
1 A/D converter start requests by compare-match A are enabled

TCSR1

Bit 4—Reserved: This bit cannot be modified and is always read as 1.
TCSRX

Bit 4—Input Capture Flag (I CF): Status flag that indicates detection of arising edge followed
by afalling edge in the external reset signal after the ICST bit in TCONRI has been set to 1.

Bit 4

ICF Description

0 [Clearing condition] (Initial value)
Read ICF when ICF = 1, then write O in ICF

1 [Setting condition]
When a rising edge followed by a falling edge is detected in the external reset signal
after the ICST bit in TCONRI has been set to 1

TCSRY

Bit 4—Input Capture Interrupt Enable (ICIE): Selects enabling or disabling of the interrupt
request by ICF (ICIX) when the ICF bit in TCSRX is set to 1.

Bit 4

ICIE Description

0 Interrupt request by ICF (ICIX) is disabled (Initial value)
1 Interrupt request by ICF (ICIX) is enabled
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Bits 3to 0—Output Select 3t0 0 (OS3to OS0): These bits specify how the timer output level is
to be changed by a compare-match of TCOR and TCNT.

0S3 and OS2 select the effect of compare-match B on the output level, OS1 and OS0 select the
effect of compare-match A on the output level, and both of them can be controlled independently.

Note, however, that priorities are set such that: trigger output > 1 output > 0 output. If compare-
matches occur simultaneously, the output changes according to the compare-match with the higher
priority.

Timer output is disabled when bits OS3 to OS0 are all 0.

After areset, the timer output is O until the first compare-match occurs.

Bit 3 Bit 2

OS3 0S2 Description

0 0 No change when compare-match B occurs (Initial value)
1 0 is output when compare-match B occurs

1 0 1 is output when compare-match B occurs
1 Output is inverted when compare-match B occurs (toggle output)

Bit 1 Bit 0

OSs1 0So0 Description

0 0 No change when compare-match A occurs (Initial value)
1 0 is output when compare-match A occurs

1 0 1 is output when compare-match A occurs
1 Output is inverted when compare-match A occurs (toggle output)
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1226  Serial Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
| — | IHCX1 | 1ICX0 | IICE | FLSHE | — | ICKS1 | ICKSO |
Initial value 0 0 0 0 0 0 0 0

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

STCR isan 8-bit readable/writable register that controls register access, the |1C operating mode
(when the on-chip 11C option isincluded), and on-chip flash memory (in F-ZTAT versions), and
also selectsthe TCNT input clock.

For details on functions not related to the 8-bit timers, see section 3.2.4, Serial Timer Control
Register (STCR), and the descriptions of the relevant modules. If a module controlled by STCRis
not used, do not write 1 to the corresponding hit.

STCRisinitialized to H'00 by areset and in hardware standby mode.
Bit 7—Reserved: Do not write 1 to this bit.

Bits 6 to 4—I°C Control (IICX1, IICXO0, || CE): These bits control the operation of the I°C bus
interface when the 11C option isincluded on-chip. See section 16.2.7, Serial Timer Control
Register (STCR), for details.

Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU access to the flash
memory control registers, the power-down mode control registers, and the supporting module
control registers. See section 3.2.4, Serial Timer Control Register (STCR), for details.

Bit 2—Reserved: Do not write 1 to this bit.

Bits 1 and O—Internal Clock Select 1 and 0 (ICK S1, ICK S0): These bits, together with bits
CKS21to CKS0in TCR, select the clock to beinput to TCNT. For details, see section 12.2.4,
Timer Control Register.
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12.2.7 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

| CS2E | IOSE | INTM1 | INTMO | XRST | NMIEG | HIE | RAME |
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R R/W R R/W R/W R/W

Only bit 1 is described here. For details on functions not related to the 8-bit timers, see sections
3.2.2and 5.2.1, System Control Register (SY SCR), and the descriptions of the relevant modules.

Bit 1—Host I nterface Enable (HIE): Controls CPU access to 8-bit timer (channel X and Y) data
registers and control registers, and timer connection control registers.

Bit 1

HIE Description

0 CPU access to 8-bit timer (channel X and Y) data registers and control registers, and
timer connection control registers, is enabled (Initial value)

1 CPU access to 8-bit timer (channel X and Y) data registers and control registers, and

timer connection control registers, is disabled

12.28 Timer Connection Register S(TCONRS)

Bit 7 6 5 4 3 2 1 0
| TMRX/Y | ISGENE |HOMOD].IHOMODO|VOMOD1|VOMODO|CLMOD1|CLMODO|
Initial value 0 0 0 0 0 0 0 0

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

TCONRS is an 8-bit readable/writable register that controls access to the TMRX and TMRY
registers and timer connection operation.

TCONRSisinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—TMRX/TMRY Access Select (TMRX/Y): The TMRX and TMRY registers can only be
accessed when the HIE bit in SY SCR is cleared to 0. In the H85/2138 Group, some of the TMRX
registers and the TMRY registers are assigned to the same memory space addresses (H'FFFO to
H'FFF5), and the TMRX/Y bit determines which registers are accessed. In the H8S/2134 Group,
thereisno control of TMRY register access by this bit.

Bit 7 Accessible Registers

TMRX/Y HFFFO HFFF1 HFFF2 HFFF3 HFFF4 HFFFS HFFF6 HFFF7
0 TCRX TCSRX TICRR TICRF TCNTX TCORC TCORAX TCORBX
(Initial value) - ryrxy (TMRX) (TMRX) (TMRX) (TMRX) (TMRX) (TMRX) (TMRX)
1 TCRY TCSRY TCORAY TCORBY TCNTY TISR

(TMRY) (TMRY) (TMRY) (TMRY) (TMRY) (TMRY)

12.29 Input CaptureRegister (TICR) [TMRX Additional Function]

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — — — —

TICR isan 8-bit internal register to which the contents of TCNT are transferred on the falling edge
of external reset input. The CPU cannot read or write to TICR directly.

The TICR function is used in timer connection. For details, see section 13, Timer Connection
[H8S/2138 Group].
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12.210 Time Constant Register C (TCORC) [TMRX Additional Function]

Bit 7 6 5 4 3 2 1 0

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

TCORC is an 8-bit readable/writable register. The sum of the contents of TCORC and TICR is
continually compared with the valuein TCNT. When a match is detected, a compare-match C
signal is generated. Note, however, that comparison is disabled during the T2 state of a TCORC
write cycle and a TICR input capture cycle.

TCORC isinitialized to H'FF by areset and in hardware standby mode.

The TCORC function is used in timer connection. For details, see section 13, Timer Connection
[H8S/2138 Group].

12.211 Input CaptureRegistersR and F (TICRR, TICRF) [TMRX Additional Functions]

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

TICRR and TICRF are 8-bit read-only registers. When the ICST bitin TCONRI issetto 1,
TICRR and TICRF capture the contents of TCNT successively on therise and fall of the external
reset input. When one capture operation ends, the ICST bit is cleared to 0.

TICRR and TICRF are each initialized to H'00 by areset and in hardware standby mode.

The TICRR and TICRF functions are used in timer connection. For details, see section 12.3.6,
Input Capture Operation, and section 13, Timer Connection [H85/2138 Group].
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12.2.12 Timer Input Select Register (TISR) [TMRY Additional Function]

Bit 7 6 5 4 3 2 1 0
-l -] -1 -]1-1=-]T-11ms]

Initial value 1 1 1 1 1 1 1 0

Read/Write — — — — — — — R/W

TISR isan 8-bit readable/writable register that selects the external clock/reset signal source for the
counter.

TISR isinitialized to H'FE by areset and in hardware standby mode.
Bits 7 to 1—Reserved: Do not write 0 to these bits.

Bit O—Input Select (1S): Selectstheinternal synchronization signal (VG signal) or the timer
clock/reset input pin (VSYNCI/TMIY (TMCIY/TMRIY)) asthe external clock/reset signal source
for the counter.

Bit 0

IS Description

0 IVG signal is selected (H8S/2138 Group) (Initial value)
External clock/reset input is disabled (H8S/2134 Group)

1 VSYNCI/TMIY (TMCIY/TMRIY) is selected
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12.2.13 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP12 bit or MSTP8 bit is set to 1, 8-bit timer operation is halted on channels0 and 1
or channels X and Y, respectively, and a transition is made to module stop mode. For details, see
section 24.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

M STPCRH Bit 4—Module Stop (M STP12): Specifies 8-bit timer (channel 0/1) module stop
mode.

MSTPCRH

Bit 4

MSTP12 Description

0 8-bit timer (channel 0/1) module stop mode is cleared

1 8-bit timer (channel 0/1) module stop mode is set (Initial value)

MSTPCRH Bit 0—M odule Stop (M STP8): Specifies 8-bit timer (channel X/Y) and timer
connection module stop mode.

MSTPCRH

Bit 0

MSTP8 Description

0 8-bit timer (channel X/Y) and timer connection module stop mode is cleared
1 8-bit timer (channel X/Y) and timer connection module stop mode

is set (Initial value)
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123  Operation

12.3.1 TCNT Incrementation Timing
TCNT isincremented by input clock pulses (either internal or external).

Internal Clock: Aninternal clock created by dividing the system clock (¢) can be selected by
setting bits CKS2 to CKS0 in TCR. Figure 12.2 shows the count timing.

0 1 T e 1 e o N

(¢
| oo

Internal clock _|

TCNT input
clock

((
))

TCNT N-1 X N+1

(
)
(
)

(
)
(
)

>

Figure12.2 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKS0 in
TCR: at the rising edge, the falling edge, and both rising and falling edges.

Note that the external clock pulse width must be at least 1.5 states for incrementation at asingle
edge, and at least 2.5 states for incrementation at both edges. The counter will not increment
correctly if the pulse width is less than these values.

Figure 12.3 shows the timing of incrementation at both edges of an external clock signal.
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(
External clock )
input pin { | |—

TCNT input

clock { —
i )

TCNT N-1 X . N X . N+1
)] )]

Figure12.3 Count Timing for External Clock Input

12.3.2 Compare-Match Timing

Setting of Compare-Match Flags A and B (CMFA, CMFB): The CMFA and CMFB flagsin
TCSR are set to 1 by a compare-match signal generated when the TCOR and TCNT values match.
The compare-match signal is generated at the last state in which the match istrue, just before the
timer counter is updated.

Therefore, when TCOR and TCNT match, the compare-match signal is not generated until the
next incrementation clock input. Figure 12.4 shows thistiming.

¢ B A

TCNT N X N+1

TCOR N
Compare-match ,—l
signal

\

CMF |

Figure12.4 Timing of CMF Setting
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Timer Output Timing: When compare-match A or B occurs, the timer output changes as
specified by the output select bits (OS3 to OS0) in TCSR. Depending on these bits, the output can
remain the same, be set to 0, be set to 1, or toggle.

Figure 12.5 shows the timing when the output is set to toggle at compare-match A.

0 2 e e e Y e 1 o N e
Compare-match A4,—| |—|
™~

signal \

Timer output |
pin

Figure12.5 Timing of Timer Output

Timing of Compare-Match Clear: TCNT is cleared when compare-match A or B occurs,

depending on the setting of the CCLR1 and CCLRO bitsin TCR. Figure 12.6 shows the timing of
this operation.

v S Y A O I

Compare-match
signal

\

TCNT N X

H'00

Figure12.6 Timing of Compare-Match Clear
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12.3.3 TCNT External Reset Timing

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bitsin TCR. The width of the clearing pulse must be at least 1.5 states. Figure
12.7 shows the timing of this operation.

¢ B A

External reset |
input pin

Clear signal

TCNT N-1 X N X H00

Figure12.7 Timing of Clearing by External Reset I nput

12.34 Timing of Overflow Flag (OVF) Setting

OVF in TCSR is set to 1 when the timer count overflows (changes from H'FF to H'00). Figure
12.8 shows the timing of this operation.

¢ B

TCNT HFE X H'00

Overflow signal

\

OVF

Figure 12.8 Timing of OVF Setting
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12.35 Operation with Cascaded Connection

If bits CKS2 to CKS0 in either TCRO or TCR1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer can be used (16-bit timer
mode) or compare-matches of 8-bit channel 0 can be counted by the timer of channel 1 (compare-
match count mode). In this case, the timer operates as described below.

16-Bit Count M ode: When bits CKS2 to CKS0 in TCRO are set to B'100, the timer functionsas a
single 16-bit timer with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8
bits.

» Setting of compare-match flags
0 The CMFflagin TCSRO is set to 1 when a 16-bit compare-match occurs.
O TheCMFflagin TCSR1 isset to 1 when alower 8-bit compare-match occurs.

» Counter clear specification
O If the CCLR1 and CCLRO bitsin TCRO have been set for counter clear at compare-match,
the 16-bit counter (TCNTO and TCNT1 together) is cleared when a 16-bit compare-match
occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter clear
by the TMRIO pin has also been set.
O The settings of the CCLR1 and CCLRO bitsin TCR1 are ignored. The lower 8 hits cannot
be cleared independently.

e Pinoutput
0 Control of output from the TMOO pin by bits OS3 to OS0 in TCSRO isin accordance with
the 16-bit compare-match conditions.
O Control of output from the TMOL pin by bits OS3 to OS0 in TCSR1 isin accordance with
the lower 8-hit compare-match conditions.

Compare-Match Count Mode: When bits CKS2 to CKS0 in TCR1 are B'100, TCNT1 counts
compare-match A’sfor channel 0.

Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clearing are in accordance with the
settings for each channel.

Usage Note: If the 16-bit count mode and compare-match count mode are set simultaneoudly, the
input clock pulsesfor TCNTO and TCNT1 are not generated and thus the counters will stop
operating. Simultaneous setting of these two modes should therefore be avoided.
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12.3.6  Input Capture Operation

TMRX hasinput capture registers of TICR,TICRR, and TICRF. Narrow pulse width can be
measured with TICRR and TICRF, using one capture operation controlled by the ICST bit in the
TCONRI register of the timer connection. When TMRIX detects arising and falling edge
successively after the ICST bit has been set to 1, the values of TCNT at that time are transferred to
TICRR and TICRF and ICST hit is cleared to 0.

The TMRIX input signal can be selected by setting other bitsin the TCONRI register.
(1) Input captureinput timing

Figure 12.9 shows the timing of the input capture operation.

v L

TMRIX J j

Input capture \
signal

TCNTX n >< n+1 N >< N+1

TICRR M >< n n

TICRF m m >< N

Figure12.9 Timing of Input Capture Operation

If the input capture signal enterswhile TICRR and TICRF are being read, it isinternally delayed
one system clock (@) period. Figure 12.10 shows the timing of this operation.
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TMRIX

Input capture
signal

TICRR, TICRF read cycle
Tl T2

A
Yy
A

-
-

Ty e

))
14

Figure12.10 Timing of Input Capture Signal

(When Input CaptureInput Signal Enterswhile TICRR and TICRF Are Being Read)

(2) Input capture signal input selection

Input capture input signal (TMRIX) in TMRX is switched by setting bitsin the TCONRI register.

Figure 12.11 and table 12.3 show the input capture signal selections.

See section 13.2.1, Timer Connection Register | (TCONRI), for details.

TMIX pin

TMRI1 pin

TMCI1 pin

TMRX
Polarity
inversion Signal
selector TMRIX

Polarity
inversion
Polarity
inversion

HFINV, SIMOD1, ICST

HIINV SIMODO

Figure12.11 Switching of Input Capture Signal
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Table 12.3 Input Capture Signal Selection

TCONRI
Bit 4 Bit 7 Bit 6 Bit 3 Bit 1
ICST SIMOD1 SIMODO HFINV HIINV Description
0 — — — — Input capture function not used
1 0 0 0 — TMIX pin input signal

— Inverted signal of TMIX pin input

TMRI1 pin input signal

Inverted signal of TMRI1 pin input

0
1
1 1 — 0 TMCI1 pin input signal
1 Inverted signal of TMCI1 pin input

Rev. 4.00 Jun 06, 2006 page 332 of 1004
REJ09B0301-0400
RENESAS



Section 12 8-Bit Timers

124  Interrupt Sources

The TMRO, TMR1, and TMRY 8-hit timers can generate three types of interrupt: compare-match
A and B (CMIA and CMIB), and overflow (OVI). TMRX can generate only an ICIX interrupt. An
interrupt is requested when the corresponding interrupt enable bit is setin TCR or TCSR.
Independent signals are sent to the interrupt controller for each interrupt. It is also possible to
activate the DTC by means of CMIA and CMIB interrupts from TMRO, TMR1, and TMRY..

An overview of 8-bit timer interrupt sourcesis given in tables 12.4 to 12.6.

Table12.4 TMROand TMR1 8-Bit Timer Interrupt Sources

Interrupt source Description DTC Activation Interrupt Priority
CMIA Requested by CMFA Possible High

CMIB Requested by CMFB Possible T

ovi Requested by OVF Not possible Low

Table12.5 TMRX 8-Bit Timer Interrupt Source

Interrupt source Description DTC Activation

ICIX Requested by ICF Not possible

Table12.6 TMRY 8-Bit Timer Interrupt Sources

Interrupt source Description DTC Activation Interrupt Priority
CMIA Requested by CMFA Possible High

CMIB Requested by CMFB Possible T

ovi Requested by OVF Not possible Low
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12.5 8-Bit Timer Application Example

In the example below, the 8-hit timer is used to generate a pulse output with a selected duty cycle,
as shown in figure 12.12. The control hits are set as follows:

* INnTCR,CCLRlisclearedto 0 and CCLRO is set to 1 so that the timer counter is cleared by a
TCORA compare-match.

e INTCSR, bits OS3 to OS0 are set to B'0110, causing 1 output at a TCORA compare-match and
0 output at a TCORB compare-match.

With these settings, the 8-bit timer provides output of pulses at arate determined by TCORA with
apulse width determined by TCORB. No software intervention is required.

TMO

Figure12.12 Pulse Output (Example)
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126 Usage Notes

Application programmers should note that the following kinds of contention can occur in the 8-bit
timer module.

12.6.1 Contention between TCNT Write and Clear

If atimer counter clock pulseis generated during the T2 state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed. Figure 12.13 shows

this operation.

TCNT write cycle by CPU
T T,

R
0 B T e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure12.13 Contention between TCNT Write and Clear
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12.6.2 Contention between TCNT Write and Increment

If atimer counter clock pulse is generated during the T2 state of a TCNT write cycle, the write
takes priority and the counter is not incremented. Figure 12.14 shows this operation.

TCNT write cycle by CPU
Tl T2

R
0 B T e

Address >< TCNT address ><

Internal write signal | |

TCNT input clock | |

TCNT N >< P

Counter write data

Figure12.14 Contention between TCNT Write and I ncrement
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12.6.3 Contention between TCOR Write and Compare-Match

During the T2 state of a TCOR write cycle, the TCOR write has priority even if acompare-match
occurs and the compare-match signal is disabled. Figure 12.15 shows this operation.

With TMRX, an ICR input capture contends with a compare-match in the same way aswith a
write to TCORC. In this case, the input capture has priority and the compare-match signal is
inhibited.

TCOR write cycle by CPU
L T,

R
0 B I S N S

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< oM

Compare-match signal : AN

Inhibited

Figure12.15 Contention between TCOR Write and Compare-Match

Rev. 4.00 Jun 06, 2006 page 337 of 1004
REJ09B0301-0400

RENESAS



Section 12 8-Bit Timers

12.64  Contention between Compare-Matches A and B

If compare-matches A and B occur at the same time, the 8-bit timer operates in accordance with
the priorities for the output states set for compare-match A and compare-match B, as shown in
table 12.7.

Table12.7 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output

No change Low

12.6.,5 Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 12.8 shows the
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CK S0 bits) and the TCNT operation

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseis detected. If clock switching causes a change from high to low level, as shown inno. 3in
table 12.8, aTCNT clock pulseis generated on the assumption that the switchover isafalling
edge. Thisincrements TCNT.

Erroneous incrementation can also happen when switching between internal and external clocks.
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Table 12.8 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

1 Switching from low

Clock bef !
to low** Svﬁfchose(;rej | | | | | |—

Clock after
switchover

TCNT clock

TCNT N X N+1 X

2 Switching from low

; Clock bef :
to high*? svﬁti:hof/)eorre J | | | : ,—\—

Clock after
switchover

TCNT clock

TCNT N X N+1 XT N+2 X

CKS bit rewrite
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Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

3 SW|tcrl|3ng from high Clock before |
to low switchover _|

Clock after
switchover

TCNT clock

TCNT N X N+ X N+2 X

CKS bit rewrite

4 Switching from high Clock before ,—I
to high switchover | | |

Clock after
switchover

I—

TCNT clock

TCNT N X N+1 X N+2 X

CKS bit rewrite

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.
3. Includes switching from high to stop.

4. Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.
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Sectio 13 Timer Connection [H8S/2138 Group]

Provided in the H8S/2138 Group; not provided in the H8S5/2134 Group.

13.1 Overview

The H85/2138 Group allows interconnection between a combination of input signals, the
input/output of the single free-running timer (FRT) channel and the three 8-bit timer channels
(TMR1, TMRX, and TMRY). This capability can be used to implement complex functions such as
PWM decoding and clamp waveform output. All the timers are initially set for independent
operation.

1311 Features
The features of the timer connection facility are as follows.

« Fiveinput pins and four output pins, all of which can be designated for phase inversion.
Positive logic is assumed for all signals used within the timer connection facility.

» An edge-detection circuit is connected to the input pins, simplifying signal input detection.

* TMRX can be used for PWM input signal decoding and clamp waveform generation.

e Anexterna clock signal divided by TMRL1 can be used as the FRT capture input signal.

¢ Aninternal synchronization signal can be generated using the FRT and TMRY .

« A signal generated/modified using an input signal and timer connection can be selected and
output.
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Block Diagram

13.1.2

Figure 13.1 shows a block diagram of the timer connection facility.
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Figure13.1 Block Diagram of Timer Connection Facility
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13.1.3

Input and Output Pins

Table 13.1 lists the timer connection input and output pins.

Table13.1 Timer Connection Input and Output Pins

Input/
Name Abbreviation Output Function
Vertical synchronization signal VSYNCI Input Vertical synchronization signal
input pin input pin or FTIA input pin/TMIY
input pin
Horizontal synchronization HSYNCI Input Horizontal synchronization signal
signal input pin input pin or TMCI1 input pin
Composite synchronization CSYNCI Input Composite synchronization signal
signal input pin input pin or TMRI1 input pin
Spare vertical synchronization VFBACKI Input Spare vertical synchronization
signal input pin signal input pin or FTIB input pin
Spare horizontal HFBACKI Input Spare horizontal synchronization
synchronization signal input pin signal input pin or FTCI input
pin/TMIX input pin
Vertical synchronization signal VSYNCO Output Vertical synchronization signal
output pin output pin or FTOA output pin
Horizontal synchronization HSYNCO OQutput Horizontal synchronization signal
signal output pin output pin or TMOL1 output pin
Clamp waveform output pin CLAMPO Output Clamp waveform output pin or
FTIC input pin
Blanking waveform output pin CBLANK Output Blanking waveform output pin
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13.1.4 Register Configuration

Table 13.2 lists the timer connection registers. Timer connection registers can only be accessed
when the HIE bitin SYSCR is 0.

Table 13.2 Register Configuration

Name Abbreviation R/W Initial Value Address™*
Timer connection register | TCONRI R/W H'00 H'FFFC
Timer connection register O TCONRO R/IW H'00 H'FFFD
Timer connection register S TCONRS R/IW H'00 H'FFFE
Edge sense register SEDGR R/(W)**  H00"? H'FFFF
Module stop control register MSTPRH R/W H'3F H'FF86
MSTPRL R/IW H'FF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Bits 7 to 2: Only 0 can be written to clear the flags.
3. Bits 1 and 0: Undefined (reflect the pin states).

13.2 Register Descriptions

13.21 Timer Connection Register | (TCONRI)

Bit 7 6 5 4 3 2 1 0
| simoD1 | simopo| scone| iesT | HEINY | VEINV | Hiy | viny |
Initial value 0 0 0 0 0 0 0 0

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

TCONRI is an 8-hit readable/writable register that controls connection between timers, the signal
source for synchronization signal input, phase inversion, etc.

TCONRL1 isinitialized to H'00 by areset and in hardware standby mode.
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Bits 7 and 6—Input Synchronization Mode Select 1 and 0 (SIMOD1, SIMODO): These hits
select the signal source of the IHI and V1 signals.

Bit 7 Bit 6 Description

SIMOD1  SIMODO Mode IHI Signal IVI Signal

0 0 No signal (Initial value) HFBACKI input VFBACKI input
1 S-on-G mode CSYNCI input PDC input

1 0 Composite mode HSYNCI input PDC input
1 Separate mode HSYNCI input VSYNCI input

Bit 5—Synchronization Signal Connection Enable (SCONE): Selects the signal source of the
FRT FTI input and the TMR1 TMCIZ/TMRI1 input.

Bit 5 Description
SCONE Mode FTIA  FTIB  FTIC FTID TMCI1 TMRI1
0 Normal connection FTIA FTIB FTIC FTID TMCI1 TMRI1
(Initial value)  input input  input input  input input
1 Synchronization signal VI TMO1 VFBACKI [HI IHI VI
connection mode signal  signal input signal signal inverse

signal

Bit 4—Input Capture Start Bit (ICST): The TMRX external reset input (TMRIX) is connected
to the IHI signal. TMRX has input capture registers (TICR, TICRR, and TICRF). TICRR and
TICRF can measure the width of a short pulse by means of a single capture operation under the
control of the ICST bit. When arising edge followed by afalling edge is detected on TMRIX after
the ICST bhit is set to 1, the contents of TCNT at those points are captured into TICRR and TICRF,
respectively, and the ICST bit is cleared to 0.

Bit 4

ICST Description

0 The TICRR and TICRF input capture functions are stopped (Initial value)
[Clearing condition]
When a rising edge followed by a falling edge is detected on TMRIX

1 The TICRR and TICRF input capture functions are operating

(Waiting for detection of a rising edge followed by a falling edge on TMRIX)
[Setting condition]
When 1 is written in ICST after reading ICST = 0
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Bits 3 to 0—Input Synchronization Signal Inversion (HFINV, VFINV, HIINV, VIINV):
These bits select inversion of the input phase of the spare horizontal synchronization signal
(HFBACKI), the spare vertical synchronization signal (VFBACKI), the horizontal
synchronization signal and composite synchronization signal (HSYNCI, CSYNCI), and the
vertical synchronization signal (VSYNCI).

Bit 3

HFINV Description

0 The HFBACKI pin state is used directly as the HFBACKI input (Initial value)

1 The HFBACKI pin state is inverted before use as the HFBACKI input

Bit 2

VFINV Description

0 The VFBACKI pin state is used directly as the VFBACKI input (Initial value)

1 The VFBACKI pin state is inverted before use as the VFBACKI input

Bit 1

HIINV Description

0 The HSYNCI and CSYNCI pin states are used directly as the HSYNCI and CSYNCI
inputs (Initial value)

1 The HSYNCI and CSYNCI pin states are inverted before use as the HSYNCI and
CSYNCI inputs

Bit 0

VIINV Description

0 The VSYNCI pin state is used directly as the VSYNCI input (Initial value)

1 The VSYNCI pin state is inverted before use as the VSYNCI input
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13.22 Timer Connection Register O (TCONRO)

Bit 7 6 5 4 3 2 1 0
| HOE | VOE | CLOE | CBOE | HOINV | VOINV |CLOINV|CBOINV|
Initial value 0 0 0 0 0 0 0 0

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

TCONRO is an 8-hit readable/writable register that controls output signal output, phase inversion,
etc.

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

Bits 7 and 4—Output Enable (HOE, VOE, CLOE, CBOE): These bits control
enabling/disabling of horizontal synchronization signal (HSY NCO), vertical synchronization
signal (VSYNCO), clamp waveform (CLAMPO), and blanking waveform (CBLANK) output.
When output is disabled, the state of the relevant pin is determined by the port DR and DDR, FRT,
TMR, and PWM settings.

Output enabling/disabling control does not affect the port, FRT, or TMR input functions, but some
FRT and TMR input signal sources are determined by the SCONE bit in TCONRI.

Bit 7
HOE Description
0 The P44/TMO1/HIRQ1/HSYNCO pin functions as the P44/TMO1/HIRQ1 pin
(Initial value)
1 The P44/TMO1/HIRQ1/HSYNCO pin functions as the HSYNCO pin
Bit 6
VOE Description
0 The P61/FTOA/KINT/CIN1/VSYNCO pin functions as the P61/FTOA/ KINT/CIN1 pin
(Initial value)
1 The P61/FTOA/KINT/CINL/VSYNCO pin functions as the VSYNCO pin
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Bit 5

CLOE Description

0 The P64/FTIC/KIN4/CIN4/CLAMPO pin functions as the P64/FTIC/KIN4/CIN4 pin
(Initial value)

1 The P64/FTIC/KIN4/CIN4/CLAMPO pin functions as the CLAMPO pin

Bit 4

CBOE Description

0 The P27/A15/PW15/CBLANK pin functions as the P27/A15/PW15 pin  (Initial value)

1 In mode 1 (expanded mode with on-chip ROM disabled):

The P27/A15/PW15/CBLANK pin functions as the A15 pin

In modes 2 and 3 (modes with on-chip ROM enabled):
The P27/A15/PW15/CBLANK pin functions as the CBLANK pin

Bits 3 to 0—Output Synchronization Signal Inversion (HOINV, VOINV, CLOINV,
CBOINV): These bits select inversion of the output phase of the horizontal synchronization signal
(HSYNCO), the vertical synchronization signal (VSYNCO), the clamp waveform (CLAMPO),
and the blank waveform (CBLANK).

Bit 3

HOINV Description

0 The IHO signal is used directly as the HSYNCO output (Initial value)

1 The IHO signal is inverted before use as the HSYNCO output

Bit 2

VOINV Description

0 The IVO signal is used directly as the VSYNCO output (Initial value)

1 The IVO signal is inverted before use as the VSYNCO output

Bit 1

CLOINV Description

0 The CLO signal (CL1, CL2, CL3, or CL4 signal) is used directly as the CLAMPO
output (Initial value)

1 The CLO signal (CL1, CL2, CL3, or CL4 signal) is inverted before use as the

CLAMPO output
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Bit 0

CBOINV  Description

0 The CBLANK signal is used directly as the CBLANK output (Initial value)
1 The CBLANK signal is inverted before use as the CBLANK output

13.23 Timer Connection Register S(TCONRS)

Bit 7 6 5 4 3 2 1 0
| TMRX/Y | ISGENE |HOMOD1HOMODGVOMOD1VOMODO|CLMOD|CLMODO)
Initial value 0 0 0 0 0 0 0 0

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

TCONRS is an 8-hit readable/writable register that selects 8-bit timer TMRX/TMRY access and
the synchronization signal output signal source and generation method.

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

Bit 7—TMRX/TMRY Access Select (TMRX/Y): The TMRX and TMRY registers can only be
accessed when the HIE bit in SY SCR iscleared to 0. In the H85/2138 Group, some of the TMRX
registers and the TMRY registers are assigned to the same memory space addresses (H'FFFO to
H'FFF5), and the TMRX/Y bit determines which registers are accessed. In the H8S/2134 Group,
thereisno control of TMRY register access by this bit.

Bit 7

TMRX/Y Description

0 The TMRX registers are accessed at addresses H'FFFO to H'FFF5 (Initial value)
1 The TMRY registers are accessed at addresses H'FFFO to H'FFF5

Bit 6—Internal Synchronization Signal Select (ISGENE): Selectsinternal synchronization
signals (IHG, IVG, and CL4 signals) asthe signal sources for the IHO, IVO, and CLO signals.
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Bits 5 and 4—Horizontal Synchronization Output Mode Select 1 and 0 (HOMOD1,
HOMODO): These bits select the signal source and generation method for the IHO signal.

Bit 6 Bit 5 Bit 4
ISGENE VOMOD1 VOMODO Description
0 0 0 The IHI signal (without 2fH modification)
is selected (Initial value)
1 The IHI signal (with 2fH modification) is selected
1 0 The CL1 signal is selected
1
1 0 0 The IHG signal is selected
1
1 0
1

Bits 3 and 2—Vertical Synchronization Output Mode Select 1 and 0 (VOMOD1, VOMODO):
These bits select the signal source and generation method for the IVO signal.

Bit 6 Bit 3 Bit 2
ISGENE VOMOD1 VOMODO Description
0 0 0 The VI signal (without fall modification or IHI
synchronization) is selected (Initial value)
1 The IVI signal (without fall modification, with [HI
synchronization) is selected
1 0 The VI signal (with fall modification, without IHI
synchronization) is selected
1 The VI signal (with fall modification and IHI
synchronization) is selected
1 0 0 The IVG signal is selected
1
1 0
1
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Bits 1 and 0—Clamp Waveform Mode Select 1 and 0 (CLMOD1, CLMODOQ): These hits
select the signal source for the CLO signal (clamp waveform).

Bit 6 Bit 1 Bit 0
ISGENE CLMOD1 CLMOD2 Description
0 0 0 The CL1 signal is selected (Initial value)
1 The CL2 signal is selected
1 0 The CL3 signal is selected
1
1 0 0 The CL4 signal is selected
1
1 0
1

13.2.4 Edge Sense Register (SEDGR)

Bit 7 6 5 4 3 2 1 0

| VEDG | HEDG | CEDG |HFEDG|VFEDG | PREQF| IHI | VI |
Initial value 0 0 0 0 0 0 —*2 —*2
Read/Write  R/(W)*! R/(W)*! R/(W)*! R/(W)*' RI(W)*! R/I(W)*! R R

Notes: 1. Only O can be written, to clear the flags.
2. The initial value is undefined since it depends on the pin states.

SEDGR is an 8-bit readable/writable register used to detect arising edge on the timer connection
input pins and the occurrence of 2fH modification, and to determine the phase of the IV and [HI
signals.

The upper 6 bits of SEDGR are initialized to 0 by areset and in hardware standby mode. The
initial value of the lower 2 bitsis undefined, since it depends on the pin states.
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Bit 7—VSYNCI Edge (VEDG): Detects arising edge on the VSY NCI pin.

When a rising edge is detected on the HFBACKI pin

Bit 7

VEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in VEDG after reading VEDG =1

1 [Setting condition]
When a rising edge is detected on the VSYNCI pin

Bit 6—HSYNCI Edge (HEDG): Detects arising edge on the HSYNCI pin.

Bit 6

HEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in HEDG after reading HEDG = 1

1 [Setting condition]
When a rising edge is detected on the HSYNCI pin

Bit 5—CSYNCI Edge (CEDG): Detects arising edge on the CSYNCI pin.

Bit 5

CEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in CEDG after reading CEDG = 1

1 [Setting condition]
When a rising edge is detected on the CSYNCI pin

Bit 4—HFBACKI Edge (HFEDG): Detects arising edge on the HFBACKI pin.

Bit 4

mDescription

0 [Clearing condition] (Initial value)
When 0 is written in HFEDG after reading HFEDG = 1

1 [Setting condition]
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Bit 3—VFBACKI Edge (VFEDG): Detects arising edge on the VFBACKI pin.

Bit 3

VFEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in VFEDG after reading VFEDG =1

1 [Setting condition]

When a rising edge is detected on the VFBACKI pin

Bit 2—Pre-Equalization Flag (PREQF): Detects the occurrence of an IHI signal 2fH
modification condition. The generation of afalling/rising edgein the IHI signal during a mask
interval is expressed as the occurrence of a 2fH modification condition. For details, see section
13.3.4, IHI Signal and 2fH Modification.

Bit 2

PREQF Description

0 [Clearing condition] (Initial value)
When 0 is written in PREQF after reading PREQF = 1

1 [Setting condition]

When an IHI signal 2fH modification condition is detected

Bit 1—IHI Signal Level (IHI): Indicates the current level of the IHI signal. Signal source and
phase inversion selection for the IHI signal depends on the contents of TCONRI. Read this bit to
determine whether the input signal is positive or negative, then maintain the IHI signal at positive
phase by modifying TCONRI.

Bit 1

IHI Description

0 The IHI signal is low
1 The IHI signal is high
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Bit 0—IVI Signal Level (I1VI): Indicates the current level of the VI signal. Signal source and
phase inversion selection for the VI signal depends on the contents of TCONRI. Read this bit to
determine whether the input signal is positive or negative, then maintain the VI signal at positive
phase by modifying TCONRI.

Bit 0

VI Description

0 The IVI signal is low
1 The VI signal is high

13.25 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR, comprising two 8-bit readable/writable registers, performs module stop mode control.
When the MSTP13, MSTP12, and MSTP8 bits are set to 1, the 16-bit free-running timer, 8-bit
timer channels 0 and 1, and 8-bit timer channels X and Y and timer connection, respectively, halt
and enter module stop mode. See section 24.5, Module Stop Mode, for details.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 5—Module Stop (M STP13): Specifies FRT module stop mode.

MSTPCRH

Bit 5

MSTP13  Description

0 FRT module stop mode is cleared

1 FRT module stop mode is set (Initial value)
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MSTPCRH Bit 4—Module Stop (M STP12): Specifies 8-bit timer channel 0 and 1 module stop
mode.

MSTPCRH

Bit 4

MSTP12  Description

0 8-bit timer channel 0 and 1 module stop mode is cleared

1 8-bit timer channel 0 and 1 module stop mode is set (Initial value)

MSTPCRH Bit 0—Module Stop (M STP8): Specifies 8-bit timer channel X and Y and timer
connection module stop mode.

MSTPCRH

Bit 0

MSTP8 Description

0 8-bit timer channel X and Y and timer connection module stop mode is cleared
1 8-bit timer channel X and Y and timer connection module stop mode is set

(Initial value)

13.3  Operation

1331 PWM Decoding (PDC Signal Generation)

The timer connection facility and TMRX can be used to decode a PWM signal in which 0 and 1
are represented by the pulse width. To do this, asignal in which arising edge is generated at
regular intervals must be selected as the IHI signal.

The timer counter (TCNT) in TMRX is set to count the internal clock pulses and to be cleared on
the rising edge of the external reset signal (IHI signal). The value to be used as the threshold for
deciding the pulse width iswritten in TCORB. The PWM decoder contains adelay latch which
usesthe IHI signal as data and compare-match signal B (CMB) as a clock, and the state of the IHI
signal (the result of the pulse width decision) at the compare-match signal B timing after TCNT is
reset by the rise of the IHI signal is output as the PDC signal. The pulse width setting using
TICRR and TICRF of TMRX can be used to determine the pul se width decision threshold.
Examples of TCR and TCORB settings are shown in tables 13.3 and 13.4, and the timing chart is
shown in figure 13.2.
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Table 13.3 Examplesof TCR Settings

Bit(s) Abbreviation Contents Description

7 CMIEB 0 Interrupts due to compare-match and overflow

6 CMIEA 0 are disabled

5 OVIE 0

4 and 3 CCLR1, CCLRO 11 TCNT is cleared by the rising edge of the
external reset signal (IHI signal)

2100 CKS2 to CKSO0 001 Incremented on internal clock: @

Table13.4 Examplesof TCORB (Pulse Width Threshold) Settings

@10 MHz @ 12 MHz @ 16 MHz @ 20 MHz
H'07 0.8 us 0.67 us 0.5 pus 0.4 ps
H'OF 1.6 ys 1.33 ps 1pus 0.8 us
H'1F 3.2 us 2.67 ps 2 s 1.6 ps
H'3F 6.4 s 5.33 s 4 us 3.2 us
H'7F 12.8 ps 10.67 ps 8 us 6.4 ps

IHI signal is tested

. at compare-match O
IHI signal i P ‘I o
PDC signal X ‘ | L
[
|
| | |
| i | |
| |
TCNT ! |
/ ! 1 : | — :
TCORB | \ — [ —
(threshold)
Counter reset Counter clear At the 2nd compare-match,
caused by caused by IHI signal is not tested
IHI signal TCNT overflow

Figure13.2 Timing Chart for PWM Decoding
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13.3.2 Clamp Waveform Generation (CL1/CL2/CL 3 Signal Generation)

The timer connection facility and TMRX can be used to generate signals with different duty cycles
and rising/falling edges (clamp waveforms) in synchronization with the input signal (IHI signal).
Three clamp waveforms can be generated: the CL1, CL2, and CL3 signals. In addition, the CL4
signal can be generated using TMRY .

The CL1 signal rises simultaneously with the rise of the IHI signal, and when the CL1 signal is
high, the CL2 signal rises simultaneously with the fall of the IHI signal. The fall of both the CL1
and the CL 2 signal can be specified by TCORA.

The rise of the CL3 signal can be specified as simultaneous with the sampling of the fall of the IHI
signal using the system clock, and the fall of the CL3 signal can be specified by TCORC. The CL3
signal can also fall when the IHI signal rises.

TCNT in TMRX is set to count internal clock pulses and to be cleared on the rising edge of the
external reset signal (IHI signal).

The value to be used as the CL 1 signal pulse width iswritten in TCORA. Write avalue of H'02 or
more in TCORA when internal clock @is selected asthe TMRX counter clock, and avalue or
H'01 or more when @2 is selected. When internal clock @is selected, the CL1 signal pulse width
is (TCORA set value + 3 = 0.5). When the CL2 signal is used, the setting must be made so that
this pulse width is greater than the IHI signal pulse width.

The value to be used as the CL3 signal pulse width iswritten in TCORC. The TICR register in

TMRX capturesthe value of TCNT at the inverse of the external reset signal edge (in this case, the
falling edge of the IHI signal). The timing of the fall of the CL3 signal is determined by the sum of
the contents of TICR and TCORC. Caution isrequired if the rising edge of the IHI signal precedes
the fall timing set by the contents of TCORC, since the IHI signal will cause the CL3 signal to fall.

Examples of TMRX TCR settings are the same as those in table 13.3. The clamp waveform timing
charts are shown in figures 13.3 and 13.4.

Since the rise of the CL1 and CL2 signalsis synchronized with the edge of the IHI signal, and
their fall is synchronized with the system clock, the pulse width variation is equivalent to the
resolution of the system clock.

Both the rise and the fall of the CL3 signal are synchronized with the system clock and the pulse
width isfixed, but there is a variation in the phase relationship with the IHI signal equivalent to
the resolution of the system clock.

Rev. 4.00 Jun 06, 2006 page 357 of 1004
REJ09B0301-0400

RENESAS



Section 13 Timer Connection [H8S/2138 Group]

IHI signal ] ,_| | I—l I—,_
CL1 signal | ‘ | ‘ m
CL2 signal |_| |_| |_|

o A A
| | | | %

Figure13.3 Timing Chart for Clamp Waveform Generation (CL1 and CL 2 Signals)

IHI signal —|_| ‘ | J | B

CL3 signal |_| ‘

TCNT Lo | b |
TICR+TCORC ‘

TICR {////// ********* k,”‘”,i ******** {’" o

Figure13.4 Timing Chart for Clamp Waveform Generation (CL3 Signal)

13.3.3 Measurement of 8-Bit Timer Divided Waveform Period

The timer connection facility, TMR1, and the free-running timer (FRT) can be used to measure the
period of an IHI signal divided waveform. Since TMRL can be cleared by arising edge of inverted
VI signal, therise and fall of the IHI signal divided waveform can be virtually synchronized with
the IVI signal. This enables period measurement to be carried out efficiently.

To measure the period of an IHI signal divided waveform, TCNT in TMRL1 is set to count the
external clock (IHI signal) pulses and to be cleared on therising edge of the external reset signal
(inverted 1VI signal). The value to be used as the division factor is written in TCORA, and the
TMO output method is specified by the OS bitsin TCSR. Examples of TCR and TCSR settings
are shown in table 13.5, and the timing chart for measurement of the 11 signal and IHI signal
divided waveform periodsis shown in figure 13.5. The period of the IHI signal divided waveform
isgiven by (ICRD(3) — IICRD(2)) x the resolution.

Rev. 4.00 Jun 06, 2006 page 358 of 1004
REJ09B0301-0400
RENESAS




Section 13 Timer Connection [H8S/2138 Group]

Table13.5 Examplesof TCR and TCSR Settings

Register Bit(s) Abbreviation Contents Description
TCR in TMR1 7 CMIEB 0 Interrupts due to compare-match and
6 CMIEA 0 overflow are disabled
5 OVIE 0
4and 3 CCLR1, CCLRO 11 TCNT is cleared by the rising edge of
the external reset signal (inverted IVI
signal)
2to0 CKS2to CKSO 101 TCNT is incremented on the rising
edge of the external clock (IHI signal)
TCSRiNTMR1 3to0 0OS3to OSO 0011 Not changed by compare-match B;

output inverted by compare-match A
(toggle output): division by 512

or

1001 when TCORB < TCORA, 1 output on
compare-match B, and O output on
compare-match A: division by 256

TCRin FRT 6 IEDGB 0/1 0: FRC value is transferred to ICRB
on falling edge of input capture
input B (IHI divided signal
waveform)

1: FRC value is transferred to ICRB
on rising edge of input capture
input B (IHI divided signal

waveform)
land 0 CKS1, CKSO 01 FRC is incremented on internal
clock: @8
TCSR in FRT 0 CCLRA 0 FRC clearing is disabled
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IVI signal
IHI signal —\—‘—\—li
divided

waveform 1
; j . ICRB(4) |

ICRB(3) !

ICRB(2) |

ICRB(1)
FRC — |
ICRB ——

Figure13.5 Timing Chart for Measurement of 1VI Signal and
IHI Signal Divided Waveform Periods

13.3.4 IHI Signal and 2fH Modification

By using the timer connection FRT, even if thereis a part of the IHI signal with twice the
frequency, this can be eliminated. In order for this function to operate properly, the duty cycle of
the IHI signal must be approximately 30% or less, or approximately 70% or above.

The 8-bit OCRDM contents or twice the OCRDM contents can be added automatically to the data
captured in ICRD in the FRT, and compare-matches generated at these points. Theinterval
between the two compare-matchesis called amask interval. A value equivalent to approximately
1/3 the IHI signal period iswrittenin OCRDM. ICRD is set so that capture is performed on the
rise of the IHI signal.

Since the IHI signal supplied to the IHO signal selection circuit is normally set on the rise of the
IHI signal and reset on the fall, its waveform is the same as that of the original IHI signal. When
2fH modification is selected, IHI signal edge detection is disabled during mask intervals. Capture
is also disabled during these intervals.

Examples of FRT TCR settings are shown in table 13.6, and the 2fH modification timing chart is
shown in figure 13.6.
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Table13.6 Examplesof TCR, TCSR, TCOR, and OCRDM Settings

Register Bit(s) Abbreviation Contents Description

TCR in FRT 4 IEDGD 1 FRC value is transferred to ICRD on
the rising edge of input capture input
D (IHI signal)

land0 CKS1, CKSO 01 FRC is incremented on internal clock:

@8

TCSR in FRT 0 CCLRA 0 FRC clearing is disabled

TCOR in FRT 7 ICRDMS 1 ICRD is set to the operating mode in
which OCRDM is used

OCRDMIinFRT 7to0 OCRDMT7 to H'01 to H'FF Specifies the period during which

OCRDMO ICRD operation is masked
IHI signal

(without 2fH _I'I_I'I_I'I_I'I_I'I_I_LI_LI_LI_LI'I_I'I_I'I_I'I_I'I_I'I_

modification)

IHI signal | :
with 2~ —J1 5 1 | U U
modification) ! ! !

Mask interval —— 1 T 1 L L 11

h

:'444
e

ICRD + OCRDM x 2
ICRD + OCRDM

FRC
ICRD

Figure13.6 2fH Modification Timing Chart
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13.35 IVI Signal Fall Modification and IHI Synchronization

By using the timer connection TMRL, the fall of the IVI signal can be shifted backward by the
specified number of IHI signal waveforms. Also, thefall of the VI signal can be synchronized
with therise of the IHI signal.

To perform 8-bit timer divided waveform period measurement, TCNT in TMR1 is set to count
external clock (IHI signal) pulses, and to be cleared on the rising edge of the external reset signal
(inverse of the 1VI signal). The number of IHI signal pulses until the fall of the IVI signal is
written in TCORB.

Since the 1VI signal supplied to the IVO signal selection circuit is normally set on the rise of the
IVI signal and reset on the fall, its waveform is the same as that of the original 1VI signal. When
fall modification is selected, areset is performed on aTMR1 TCORB compare-match.

Thefall of the waveform generated in this way can be synchronized with the rise of the IHI signal,
regardless of whether or not fall modification is selected.

Examples of TMR1 TCORB, TCR, and TCSR settings are shown in table 13.7, and the fall
modification/IHI synchronization timing chart is shown in figure 13.7.
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Table 13.7 Examplesof TCORB, TCR, and TCSR Settings

Register Bit(s) | Abbreviation | Contents Description
TCRin 7 CMIEB 0 Interrupts due to compare-match and
TMR1 6 CMIEA 0 overflow are disabled
5 OVIE
4and 3 |CCLR1, 11 TCNT is cleared by the rising edge of the
CCLRO external reset signal (inverse of the IVI
signal)
2t00 CKS2to CKSO |101 TCNT is incremented on the rising edge
of the external clock (IHI signal)
TCSR in 3to0 0S3to OSO 0011 Not changed by compare-match B;
TMR1 output inverted by compare-match A
(toggle output)
or
1001 when TCORB < TCORA, 1 output on
compare-match B, O output on compare-
match A
TOCRB in TMR1 H'03 Compare-match on the 4th (example)
(example) |rise of the IHI signal after the rise of the

inverse of the IVI signal

IHI signal

IVI signal (PDC signal)

IVO signal

(without fall modification,
with IHI synchronization)

IVO signal
(with fall modification,

without IHI synchronization)

IVO signal
(with fall modification
and IHI synchronization)

TCNT = TCORB (3)

Figure 13.7 Fall Modification/IHI Synchronization Timing Chart
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13.3.6 Internal Synchronization Signal Generation (IHG/IVG/CL 4 Signal Gener ation)

By using the timer connection FRT and TMRY, it is possible to automatically generate internal
signals (IHG and IV G signals) corresponding to the IHI and IVI signals. Asthe IHG signal is
synchronized with the rise of the IV G signal, the IHG signal period must be made a divisor of the
IVG signal period in order to keep it constant. In addition, the CL4 signal can be generated in
synchronization with the IHG signal.

The contents of OCRA in the FRT are updated by the automatic addition of the contents of
OCRAR or OCRAF, alternately, each time a compare-match occurs. A value corresponding to the
Ointerval of the IVG signal iswritten in OCRAR, and a value corresponding to the 1 interval of
the IVG signal iswritten in OCRAF. The IVG signal is set by a compare-match after an OCRAR
addition, and reset by a compare-match after an OCRAF addition.

The IHG signal isthe TMRY 8-hit timer output. TMRY is set to count internal clock pulses, and
to be cleared on TCORA compare-match, to fix the period and set the timer output. TCORB is set
so asto reset the timer output. The IV G signal is connected asthe TMRY reset input (TMRI), and
the rise of the IVG signal can be treated in the same way asa TCORA compare-match.

The CL4 signal is awaveform that rises within one system clock period after the fall of the IHG
signal, and has a1 interval of 6 system clock periods.

Examples of settings of TCORA, TCORB, TCR, and TCSR in TMRY, and OCRAR, OCRAF,
and TCR in the FRT, are shown in table 13.8, and the IHG signal/IVG signal timing chart is
shown in figure 13.8.
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Table13.8 Examplesof OCRAR, OCRAF, TOCR, TCORA, TCORB, TCR, and TCSR

Settings
Register Bit(s) | Abbreviation | Contents Description
TCRin 7 CMIEB 0 Interrupts due to compare-match and
TMRY 6 CMIEA 0 overflow are disabled
5 OVIE 0
4and 3 |CCLR1, 01 TCNT is cleared by compare-match A
CCLRO
2t00 CKS2 to CKSO |001 TCNT is incremented on internal clock:
@4
TCSRin 3t00 0S3to OS0 0110 0 output on compare-match B
TMRY 1 output on compare-match A
TOCRA in TMRY H'3F IHG signal period = @ x 256
(example)
TOCRB in TMRY H'03 IHG signal 1 interval = @ x 16
(example)
TCR in FRT land0 |CKS1, 01 FRC is incremented on internal clock: @/8
CKSO0
OCRAR in FRT H'7FEF IVG signal 0 IVG signal period =
(example) |interval = (px 262144 (1024
@ x 262016 times IHG signal)
OCRAF in FRT H'000F IVG signal 1
(example) |interval = ¢ x 128
TOCRInFRT |6 OCRAMS 1 OCRA is set to the operating mode in

which OCRAR and OCRAF are used
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IVG signal

' OCRA (4) =
! ! OCRA (3) +
. OCRA(3)= _OCRAR
1 OCRA (2) +
' OCRA(2)= | OCRAF
1 OCRA (1) +
OCRA (1) =1 OCRAR
OCRA (0) +
OCRAF
OCRA ////
FRC
6 system clocks 6 system clocks 6 system clocks

-

- -

giléﬁal |_| |_| |_|

IHG I— ‘
signal | |

TCORA

TCORB

TCNT

Figure13.8 1VG Signal/IHG Signal/CL4 Signal Timing Chart
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13.3.7 HSYNCO Output

With the HSY NCO output, the meaning of the signal source to be selected and use or non-use of
modification varies according to the IHI signal source and the waveform required by external
circuitry. The meaning of the HSYNCO output in each mode is shown in table 13.9.

Table 13.9 Meaning of HSYNCO Output in Each Mode

Mode IHI Signal  IHO Signal Meaning of IHO Signal
No signal HFBACKI IHI signal (without ~ HFBACKI input is output directly
input 2fH modification)

IHI signal (with 2fH Meaningless unless there is a double-frequency
modification) part in the HFBACKI input
CL1 signal HFBACKI input 1 interval is changed before output
IHG signal Internal synchronization signal is output

S-on-G CSYNCI IHI signal (without ~ CSYNCI input (composite synchronization signal)

mode input 2fH modification) is output directly
IHI signal (with 2fH Double-frequency part of CSYNCI input (composite
modification) synchronization signal) is eliminated before output
CL1 signal CSYNCI input (composite synchronization signal)

horizontal synchronization signal part is separated
before output

IHG signal Internal synchronization signal is output
Composite HSYNCI IHI signal (without HSYNCI input (composite synchronization signal)
mode input 2fH modification) is output directly
IHI signal (with 2fH Double-frequency part of HSYNCI input (composite
modification) synchronization signal) is eliminated before output
CL1 signal HSYNCI input (composite synchronization signal)

horizontal synchronization signal part is separated
before output

IHG signal Internal synchronization signal is output
Separate HSYNCI IHI signal (without  HSYNCI input (horizontal synchronization signal) is
mode input 2fH modification) output directly

IHI signal (with 2fH Meaningless unless there is a double-frequency
modification) part in the HSYNCI input (horizontal
synchronization signal)

CL1 signal HSYNCI input (horizontal synchronization signal) 1
interval is changed before output

IHG signal Internal synchronization signal is output
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13.3.8 VSYNCO Output

With the VSYNCO output, the meaning of the signal source to be selected and use or non-use of
modification varies according to the IV1 signal source and the waveform required by external
circuitry. The meaning of the VSYNCO output in each mode is shown in table 13.10.

Table 13.10 Meaning of VSYNCO Output in Each Mode

Mode IVI Signal  IVO Signal Meaning of IVO Signal
No signal VFBACKI IVI signal (without fall VFBACKI input is output directly
input modification or IHI

synchronization)

IVI signal (without fall
modification, with IHI
synchronization)

Meaningless unless VFBACKI input is
synchronized with HFBACKI input

IVI signal (with fall
modification, without IHI
synchronization)

VFBACKI input fall is modified before output

IVI signal (with fall
modification and [HI
synchronization)

VFBACKI input fall is modified and signal is
synchronized with HFBACKI input before
output

IVG signal

Internal synchronization signal is output

S-on-G PDC signal
mode or

composite

mode

IVI signal (without fall
modification or IHI
synchronization)

CSYNCI/HSYNCI input (composite
synchronization signal) vertical
synchronization signal part is separated
before output

IVI signal (without fall
modification, with IHI
synchronization)

CSYNCI/HSYNCI input (composite
synchronization signal) vertical
synchronization signal part is separated, and
signal is synchronized with CSYNCI/HSYNCI
input before output

IVI signal (with fall
modification, without IHI
synchronization)

CSYNCI/HSYNCI input (composite
synchronization signal) vertical
synchronization signal part is separated, and
fall is modified before output

IVI signal (with fall
modification and [HI
synchronization)

CSYNCI/HSYNCI input (composite
synchronization signal) vertical
synchronization signal part is separated, fall is
modified, and signal is synchronized with
CSYNCI/HSYNCI input before output

IVG signal

Internal synchronization signal is output
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Mode IVI Signal VO Signal Meaning of IVO Signal
Separate  VSYNCI IVI signal (without fall VSYNCI input (vertical synchronization signal)
mode input modification or IHI is output directly
synchronization)
IVI signal (without fall Meaningless unless VSYNCI input (vertical
modification, with [HI synchronization signal) is synchronized with
synchronization) HSYNCI input (horizontal synchronization
signal)
IVI signal (with fall VSYNCI input (vertical synchronization signal)

modification, without IHI  fall is modified before output
synchronization)

IVI signal (with fall VSYNCI input (vertical synchronization signal)
modification and IHI fall is modified and signal is synchronized with
synchronization) HSYNCI input (horizontal synchronization

signal) before output

IVG signal Internal synchronization signal is output

13.39 CBLANK Output

Using the signal s generated/sel ected with timer connection, it is possible to generate a waveform
based on the composite synchronization signal (blanking waveform).

One kind of blanking waveform is generated by combining HFBACKI and VFBACKI inputs,
with the phase polarity made positive by means of bits HFINV and VFINV in TCONRI, with the
IVO signal.

The composition logic is shown in figure 13.9.

HFBACKI input (positive)

VFBACKI input (positive) \

- - CBLANK signal
Falling edge sensing I— Reset (positive)

Q
l—{ Rising edge sensing |7 Set

IVO signal (positive)

Figure13.9 CBLANK Output Waveform Generation
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Section 14 Watchdog Timer (WDT)

141 Overview

The H85/2138 Group and H8S/2134 Group have an on-chip watchdog timer with two channels
(WDTO0, WDT1) for monitoring system operation. The WDT outputs an overflow signal if a
system crash prevents the CPU from writing to the timer counter, allowing it to overflow. At the
sametime, the WDT can also generate an internal reset signal or internal NMI interrupt signal.

When this watchdog function is not needed, the WDT can be used as an interval timer. Ininterval
timer mode, an interval timer interrupt is generated each time the counter overflows.

14.1.1 Features
WDT features are listed below.

» Switchable between watchdog timer mode and interval timer mode
O WOVI interrupt generation in interval timer mode
» Internal reset or internal interrupt generated when the timer counter overflows
O Choice of internal reset or NMI interrupt generation in watchdog timer mode
e Choiceof 8 (WDTO) or 16 (WDT1) counter input clocks
O Maximum WDT interval: system clock period x 131072 x 256
O Subclock can be selected for the WDT1 input counter
0 Maximum interval when the subclock is selected: subclock period x 256 x 256
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14.1.2 Block Diagram

Figures 14.1 (a) and (b) show block diagrams of WDTO and WDT1.

wovI } 2 3
(interrupt request - .| /64 ‘
signal) | /128 ;
! Interrupt @512 !
Internal NMI | control Overflow Clock Clock 2048 !
interrupt request = - select [« :
signal*2 ! Reset e /8192 ;
| control le———@/32768 :
Internal reset «—— le——@131072 ‘
signal*! : Internal clock !
| f source !
! | TCNT |<»| TCSR | !
3 O O Bus |
f Module bus interface L
b WDT - 1
Legend:

TCSR: Timer control/status register
TCNT: Timer counter

Notes: 1. For the internal reset signal, the reset of the WDT that overflowed first has priority.
2. The internal NMI interrupt request signal can be output independently by either WDTO or
WDTL1. The interrupt controller does not distinguish between NMI interrupt requests from
WDTO and WDT1.

Internal bus

Figure14.1 (a) Block Diagram of WDTO
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wovi : = ‘9'24 supl2 |
(interrupt request -+ | "l /4
signal) | -« @128 Psue |
' | Interrupt T g5z Psus/@
Internal NMI ‘ control | Overflow Clock Clock PR Psyp/16 |
(interrupt request =7 | ~ select |3—@2048 Psup/32 |
signal)*2 ! Reset @8192 Osup/64 |
| control = @32768 Peup/128 |
| UB |
Internal reset <—— = ¢/131072 UBl256 !
signal*! ! Internal clock 1
| f source :
1 g
} | TONT |«—| TCSR | |2
| |E
| Bus L=
f Module bus interface F
N WDT oo 1
Legend:

TCSR: Timer control/status register
TCNT: Timer counter

Notes: 1.
2.

For the internal reset signal, the reset of the WDT that overflowed first has priority.

The internal NMI interrupt request signal can be output independently by either WDTO or
WDTL1. The interrupt controller does not distinguish between NMI interrupt requests from
WDTO and WDT1.

Figure14.1 (b) Block Diagram of WDT1
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14.1.3 Pin Configuration
Table 14.1 describes the WDT input pin.

Table14.1 WDT Pin

Name Symbol 1/0 Function

External subclock input pin  EXCL Input WDT1 prescaler counter input clock

1414 Register Configuration

The WDT has four registers, as summarized in table 14.2. These registers control clock selection,
WDT mode switching, the reset signal, etc.

Table14.2 WDT Registers

Address™*

Channel Name Abbreviation R/W Initial Value Write*™>  Read
0 Timer control/status TCSRO R/(W)**  H'00 H'FFA8  H'FFA8

register 0

Timer counter 0 TCNTO R/W H'00 H'FFA8  H'FFA9
1 Timer control/status TCSR1 R/(W)**  H'00 H'FFEA  H'FFEA

register 1

Timer counter 1 TCNT1 R/W H'00 H'FFEA HFFEB
Common  System control SYSCR R/W H'09 H'FFC4 H'FFC4

register

Notes: 1. Lower 16 bits of the address.
2. For details of write operations, see section 14.2.4, Notes on Register Access.
3. Only 0 can be written in bit 7, to clear the flag.
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14.2  Register Descriptions

1421 Timer Counter (TCNT)

Bit 7 6 5 4 3 2 1 0

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

TCNT is an 8-bit readable/writable” up-counter.

When the TME bitisset to 1in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the TCNT value overflows (changes
from H'FF to H'00), the OVF flag in TCSR is set to 1, and an internal reset, NMI interrupt,
interval timer interrupt (WOVI), etc., can be generated, according to the mode selected by the
WT/IT bit and RST/NMI bit.

TCNT isinitialized to H'00 by areset, in hardware standby mode, or when the TME bit is cleared
to 0. Itisnot initialized in software standby mode.

Note: * TCNT iswrite-protected by a password to prevent accidental overwriting. For details
see section 14.2.4, Notes on Register Access.
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1422 Timer Control/Status Register (TCSR)

¢ TCSRO
Bit 7 6 5 4 3 2 1 0
| OVF | WT/W| TME | RSTS |RST/NMI| CKS2 | CKS1 | CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

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

¢ TCSR1
Bit 7 6 5 4 3 2 1 0
| OVF | WT/W| TME | PSS |RST/W| CKS2 | CKs1 | CKS0 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)*  R/W RIW RIW R/W RIW RIW R/W
Note: * Only O can be written, to clear the flag.

TCSR is an 8-hit readable/writable”™ register. Its functions include selecting the clock source to be
input to TCNT, and the timer mode.

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

Note: * TCSR iswrite-protected by a password to prevent accidental overwriting. For details
see section 14.2.4, Notes on Register Access.
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Bit 7—Overflow Flag (OVF): A status flag that indicates that TCNT has overflowed from H'FF
to H'00.

Bit 7
OVF Description
0 [Clearing conditions] (Initial value)

¢ Write 0 in the TME bit
« Read TCSR when OVF = 1*, then write 0 in OVFA
1 [Setting condition]

When TCNT overflows (changes from H'FF to H'00)
(When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset.)

Note: * When OVF flag is polled and the interval timer interrupt is disabled, OVF=1 must be
read at least twice.

Bit 6—Timer Mode Select (WT/IT): Selects whether the WDT is used as a watchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
(WOVI) when TCNT overflows. If used as awatchdog timer, the WDT generates areset or NMI
interrupt when TCNT overflows.

Bit 6

WTAT Description

0 Interval timer: Sends the CPU an interval timer interrupt request (WOVI) when TCNT
overflows (Initial value)

1 Watchdog timer: Generates a reset or NMI interrupt when TCNT overflows

Bit 5—Timer Enable (TME): Selectswhether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT counts

TCSRO Bit 4—Reset Select (RSTS): Reserved. Thisbit should not be set to 1.
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TCSR1 Bit 4—Prescaler Select (PSS): Selects the input clock source for TCNT in WDTL1. For
details, see the description of the CKS2 to CK S0 bits below.

TCSR1

Bit 4

PSS Description

0 TCNT counts @-based prescaler (PSM) divided clock pulses (Initial value)
1 TCNT counts ¢SUB-based prescaler (PSS) divided clock pulses

Bit 3—Reset or NM| (RST/NMI): Specifies whether an internal reset or NMI interrupt is
requested on TCNT overflow in watchdog timer mode.

Bit 3

RST/NMI Description

0 An NMI interrupt is requested (Initial value)
1 An internal reset is requested

Bits2to 0—Clock Select 2to 0 (CKS2 to CKS0): These hits select an internal clock source,
obtained by dividing the system clock (¢), or subclock (¢SUB) for input to TCNT.

* WDTOinput clock selection

Bit 2 Bit 1 Bit 0 Description
CKS2 CKsS1 CKSO0 Clock Overflow Period™ (when @= 20 MHz)
0 0 0 @2 (Initial value) 25.6 s
1 @64 819.2 us
1 0 @128 1.6 ms
1 @512 6.6 ms
1 0 0 @2048 26.2 ms
1 8192 104.9 ms
1 0 @32768 419.4 ms
1 @131072 1.68s

Note: * The overflow period is the time from when TCNT starts counting up from H'00 until
overflow occurs.
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e WDT1input clock selection

Bit 4 Bit 2 Bit 1 Bit 0 Description
Overflow Period”™ (when @= 20 MHz
PSS CKS2 CKS1 CKSO Clock and @SUB = 32.768 kHz)
0 0 0 0 @2 (Initial value) 25.6 ps
1 @64 819.2 s
1 0 @128 1.6 ms
1 @512 6.6 ms
1 0 0 @2048 26.2 ms
1 @8192 104.9 ms
1 0 @32768 419.4 ms
1 @131072 1.68s
1 0 0 0 @SUB/2 15.6 ms
1 @eSUB/4 31.3ms
1 0 @SUB/8 62.5 ms
1 @SUB/16 125 ms
1 0 0 @SUB/32 250 ms
1 @eSUB/64 500 ms
1 0 ©SUB/128 1s
1 @SUB/256 2s

Note: * The overflow period is the time from when TCNT starts counting up from H'00 until
overflow occurs.

1423 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

| CS2E | IOSE | INTM1 | INTMO | XRST | NMIEG | HIE | RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R R/W R R/W R/W R/W

Only bit 3 is described here. For details on functions not related to the watchdog timer, see
sections 3.2.2 and 5.2.1, System Control Register (SY SCR), and the descriptions of the relevant
modules.
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Bit 3—External Reset (XRST): Indicates the reset source. When the watchdog timer is used, a
reset can be generated by watchdog timer overflow in addition to external reset input. XRST isa
read-only bit. It is set to 1 by an external reset, and when the RST/NMI bit is 1, is cleared to O by
an internal reset due to watchdog timer overflow.

Bit 3

XRST Description

0 Reset is generated by watchdog timer overflow

1 Reset is generated by external reset input (Initial value)

14.24 Noteson Register Access

The watchdog timer’s TCNT and TCSR registers differ from other registersin being more difficult
to write to. The procedures for writing to and reading these registers are given below.

Writing to TCNT and TCSR (Example of WDTO0): These registers must be written to by aword
transfer instruction. They cannot be written to with byte transfer instructions.

Figure 14.2 shows the format of datawritten to TCNT and TCSR. TCNT and TCSR both have the
same write address. For awrite to TCNT, the upper byte of the written word must contain H'5A
and the lower byte must contain the write data. For awriteto TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byteto TCNT or TCSR.

TCNT write
15 8 7 0
Address: HFFA8 H'5A Write data
TCSR write
15 8 7 0
Address: HFFA8 | H'AS | Write data ‘

Figure14.2 Format of Data Written to TCNT and TCSR (Example of WDTOQ)

Reading TCNT and TCSR (Example of WDTOQ): These registers are read in the same way as
other registers. The read addresses are H'FFA8 for TCSR, and H'FFA9 for TCNT.

Rev. 4.00 Jun 06, 2006 page 380 of 1004
REJ09B0301-0400
RENESAS



Section 14 Watchdog Timer (WDT)

143  Operation

1431 Watchdog Timer Operation

To use the WDT as awatchdog timer, set the WT/IT and TME bitsin TCSR to 1. Software must
prevent TCNT overflows by rewriting the TCNT value (normally by writing H'00) before
overflow occurs. Thisensuresthat TCNT does not overflow while the system is operating
normally. If TCNT overflows without being rewritten because of a system crash or other error, an
internal reset or NMI interrupt request is generated.

When the RST/NMI hit is set to 1, the chip isreset for 518 system clock periods (518 ¢) by a
counter overflow. Thisisillustrated in figure 14.3.

When the RST/NMI bit cleared to 0, an NMI interrupt request is generated by a counter overflow.

An internal reset request from the watchdog timer and reset input from the RES pin are handled
viathe same vector. The reset source can be identified from the value of the XRST bit in SY SCR.

If areset caused by an input signal from the RES pin and areset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the XRST bitin SYSCRisset to 1.

An NMI interrupt request from the watchdog timer and an interrupt request from the NMI pin are
handled via the same vector. Simultaneous handling of a watchdog timer NM1 interrupt request
and an NMI pin interrupt request must therefore be avoided.
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TCNT value
Overflow
[ 2 A
K
.
S
e i
H - » Time
N N
WT/AT=1 HOO written OVF=1* | WTAT=1 H00 written
TME =1 to TCNT i TME=1 toTCNT

Internal reset signal

518 system clock periods

Legend:

WT/IT: Timer mode select bit
TME: Timer enable bit
OVF: Overflow flag

Note: * Cleared to 0 by an internal reset when OVF is set to 1. XRST is cleared to 0.

Figure 14.3 Operation in Watchdog Timer Mode

14.3.2 Interval Timer Operation

To usethe WDT as an interval timer, clear the WT/IT bit in TCSR to 0 and set the TME bit to 1.
Aninterval timer interrupt (WOV1) is generated each time TCNT overflows, provided that the
WDT is operating as an interval timer, as shown in figure 14.4. This function can be used to
generate interrupt requests at regular intervals.
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TCNT count

A
HEE Overflow Overflow Overflow Overflow

= Time

" ' ' ' '

WT/AT =0 WOovI wovi WOVI WOVI
TME=1

Legend:
WOVI: Interval timer interrupt request generation

Figure14.4 Operation in Interval Timer Mode

14.3.3 Timing of Setting of Overflow Flag (OVF)

The OVFflagissetto 1if TCNT overflows during interval timer operation. At the sametime, an
interval timer interrupt (WOVI) isrequested. Thistiming is shown in figure 14.5.

If NMI request generation is selected in watchdog timer mode, when TCNT overflows the OVF
bitin TCSR is set to 1 and at the same time an NMI interrupt is requested.

e T LT LT LT LT LT

TCNT % H'FF >< H'00

Overflow signal
(internal signal) ((
) \
OVF (¢ |
)

Figure14.5 Timing of OVF Setting
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144  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flagisset to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine. When NMI interrupt request generation is selected in
watchdog timer mode, an overflow generates an NMI interrupt request.

145 Usage Notes

145.1 Contention between Timer Counter (TCNT) Writeand Increment

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 14.6 shows this operation.

TCNT write cycle

Address ><

TCNT input clock

Internal write signal

TCNT N ><

Counter write data

Figure14.6 Contention between TCNT Write and Increment
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1452 Changing Value of CKS2 to CK SO

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

145.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, whilethe WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME hit to O) before switching the mode.

1454 Counter Valuein Transitions between High-Speed M ode, Subactive M ode, and
Watch Mode

If the mode is switched between high-speed mode and subactive mode or between high-speed
mode and watch mode when WDT1 is used as arealtime clock counter, an error will occur in the
counter value when the internal clock is switched.

When the mode is switched from high-speed mode to subactive mode or watch mode, the
increment timing is delayed by approximately 2 or 3 clock cycles when the WDT1 control clock is
switched from the main clock to the subclock.

Also, since the main clock oscillator is halted during subclock operation, when the mode is
switched from watch mode or subactive mode to high-speed mode, the clock is not supplied until
internal oscillation stabilizes. As aresult, after oscillation is started, counter incrementing is halted
during the oscillation stabilization time set by bits STS2 to STS0 in SBYCR, and thereisa
corresponding discrepancy in the counter value.

Caution is therefore required when using WDT1 as the realtime clock counter.

No error occursin the counter value while WDT1 is operating in the same mode.
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1455 OVF Flag Clear Condition

To clear OVF flag in WOV handling routine, read TCSR when OVF=1, then write with 0 to
OVF, as stated above. When WOV is masked and OVF flag is poling, if contention between OVF
flag set and TCSR read is occurred, OVF=1 is read but OVF can not be cleared by writing with O
to OVF.

In this case, reading TCSR when OV F=1 two times meet the requirements of OVF clear condition.
Please read TCSR when OVF=1 two times before writing with 0 to OVF.

LOOP BTST. B #7, @ CSR ; OVF flag read
BEQ LOOP ; if OVF=1, exit fromloop
MOV. B @CSR, ROL ; OVF=1 read again

MOV. W #H A521, R0 ; OVF flag clear
MOV. W RO, @CSR ;
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Section 15 Serial Communication Interface (SCI, IrDA)

151

Overview

The H85/2138 Group and H8S/2134 Group are equipped with a 3-channel serial communication
interface (SCI). The SCI can handle both asynchronous and clocked synchronous serial
communication. A function isalso provided for serial communication between processors
(multiprocessor communication function).

One of the three SCI channels can transmit and receive IrDA communication waveforms based on
IrDA specification version 1.0.

1511

Features

SCI features are listed below.

» Choice of asynchronous or synchronous serial communication mode
Asynchronous mode

O

Serial data communication is executed using an asynchronous system in which
synchronization is achieved character by character

Serial data communication can be carried out with standard asynchronous communication
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

A multiprocessor communication function is provided that enables serial data
communication with a number of processors

Choice of 12 seria datatransfer formats

Data length: 7 or 8 hits
Stop bit length: 1 or 2 bits
Parity: Even, odd, or none

Multiprocessor bit: 10r0
Receive error detection: Parity, overrun, and framing errors

Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error

Synchronous mode

O

Serial data communication is synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronous
communication function
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O One seria datatransfer format
Datalength: 8 bits
O Receive error detection: Overrun errors detected
* Full-duplex communication capability

O Thetransmitter and receiver are mutually independent, enabling transmission and reception
to be executed simultaneously

O Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

o LSB-first or MSB-first transfer can be selected

O This selection can be made regardless of the communication mode (with the exception of
7-bit data transfer in asynchronous mode)*

Note: * LSB-first transfer isused in the examplesin this section.

e On-chip baud rate generator alows any hit rate to be selected
e Choice of serial clock source: internal clock from baud rate generator or external clock from
SCK pin
» Capability of transmit and receive clock output
O The P86/SCK1 and P42/SCK2 pins are CM OS type outputs
0 The P52/SCKO pinisan NMOS push-pull type output in the H85/2138 Group and a
CMOS output in the H8S/2134 Group (When the P52/SCKO pin is used as an output in the
H8S/2138 Group, external pull-up resistor must be connected in order to output high level)
» Four interrupt sources
O Four interrupt sources (transmit-data-empty, transmit-end, receive-data-full, and receive
error) that can issue requests independently

O The transmit-data-empty interrupt and receive-data-full interrupt can activate the data
transfer controller (DTC) to execute data transfer
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15.1.2 Block Diagram
Figure 15.1 shows a block diagram of the SCI.
(O]
g |
Module data bus S Interna
2 data bus
| | | I
>
@
| rRoR | | TOR | SCMR | BRR L
il i SSR -~ o
RxD*' | RSR | | | TSR SCR Baud rate |=— @4
Y SMR generator |, 16
Transmission/
TXD — reception control - @64
Parity generation A { Clock )
Parity check Ext | clock
xternal cloc
SCK L—» TEI
= TXI
= RXI
Legend: > ERI
RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR:  Serial status register
SCMR: Serial interface mode register
BRR: Bit rate register

Figure15.1 Block Diagram of SCI
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15.1.3 Pin Configuration
Table 15.1 shows the serial pins used by the SCI.

Table15.1 SCI Pins

Channel Pin Name Symbol* 1/0 Function

0 Serial clock pin O SCKO /0 SCIO0 clock input/output
Receive data pin 0 RxDO Input SCIO receive data input
Transmit data pin 0 TxDO Output SCIO0 transmit data output

1 Serial clock pin 1 SCK1 1/0 SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmitdatapinl  TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 1/0 SCI2 clock input/output
Receive data pin 2 RxD2/IrRxD  Input SCI2 receive data input

(normal/IrDA)

Transmit data pin 2 ~ TxD2/IrTxD  Output SCI2 transmit data output
(normal/IrDA)

Note: * The abbreviations SCK, RxD, and TxD are used in the text, omitting the channel
number.

15.14 Register Configuration

The SCI hasthe internal registers shown in table 15.2. These registers are used to specify
asynchronous mode or synchronous mode, the data format, and the bit rate, and to control the
transmitter/receiver.
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Table15.2 SCI Registers

1

Channel Name Abbreviation R/W Initial Value Address”

0 Serial mode register 0 SMRO R/W H'00 H'FFD8**
Bit rate register 0 BRRO R/W H'FF H'FFD9**
Serial control register O SCRO R/W H'00 H'FFDA
Transmit data register 0 TDRO R/W H'FF H'FFDB
Serial status register O SSRO R/I(W)**  H84 H'FFDC
Receive data register 0 RDRO R H'00 H'FFDD
Serial interface mode register 0 SCMRO R/W H'F2 H'FFDE™®

1 Serial mode register 1 SMR1 R/W H'00 H'FF88*?
Bit rate register 1 BRR1 R/W H'FF H'FF89**
Serial control register 1 SCR1 R/W H'00 H'FF8A
Transmit data register 1 TDR1 R/W H'FF H'FF8B
Serial status register 1 SSR1 R/I(W)**  H84 H'FF8C
Receive data register 1 RDR1 R H'00 H'FF8D
Serial interface mode register 1 SCMR1 R/W H'F2 H'FFSE™?

2 Serial mode register 2 SMR2 RIW H'00 H'FFAQ*?
Bit rate register 2 BRR2 R/W H'FF H'FFAL*?
Serial control register 2 SCR2 R/W H'00 H'FFA2
Transmit data register 2 TDR2 R/W H'FF H'FFA3
Serial status register 2 SSR2 RI(W)**  H'84 H'FFA4
Receive data register 2 RDR2 R H'00 H'FFAS5
Serial interface mode register 2 SCMR2 R/W H'F2 H'FFA6™?
Keyboard comparator control KBCOMP R/W H'00 H'FEE4
register

Common  Module stop control register MSTPCRH R/W H'3F H'FF86

MSTPCRL R/W H'FF H'FF87
Notes: 1. Lower 16 bits of the address.

2.
3.

Only 0 can be written, to clear flags.

Some serial communication interface registers are assigned to the same addresses as
other registers. In this case, register selection is performed by the IICE bit in the serial

timer control register (STCR).
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152 Register Descriptions

1521 Receive Shift Register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

RSR isaregister used to receive serid data

The SCI sets seria datainput from the RxD pinin RSR in the order received, starting with the
LSB (bit 0), and convertsit to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

15.2.2 Receive Data Register (RDR)

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 0 0 0 0 0 0 0 0
Read/Write R

RDR isaregister that storesreceived serial data.

When the SCI has received one byte of serial data, it transfers the received serial datafrom RSR to
RDR whereit is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, continuous receive operations can be
performed.

RDR is aread-only register, and cannot be written to by the CPU.

RDR isinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.
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15.2.3  Transmit Shift Register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — _ _

TSR isaregister used to transmit seria data.

To perform serial data transmission, the SCI first transfers transmit datafrom TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit datais transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is not
performed if the TDRE bit in SSR is set to 1.

TSR cannot be directly read or written to by the CPU.

15.24 Transmit Data Register (TDR)

Bit 7 6 5 4 3 2 1 0

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

TDRisan 8-hit register that stores datafor seria transmission.

When the SCI detectsthat TSR is empty, it transfers the transmit data written in TDR to TSR and
starts serial transmission. Continuous serial transmission can be carried out by writing the next
transmit datato TDR during serial transmission of the datain TSR.

TDR can be read or written to by the CPU at all times.

TDRisinitialized to H'FF by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.
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1525 Serial Mode Register (SMR)

Bit 7 6 5 4 3 2 1 0
| C/A | CHR | PE | O/E | STOP | MP | CKs1 | CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0

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

SMRisan 8-hit register used to set the SCI’ s serial transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.

SMRisinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.

Bit 7—Communication Mode (C/A): Selects asynchronous mode or synchronous mode as the
SCI operating mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
synchronous mode, afixed data length of 8 bitsis used regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data”

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and LSB-
first/MSB-first selection is not available.
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Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit additionis
performed in transmission, and parity bit checking in reception. In synchronous mode, or when a
multiprocessor format is used, parity bit addition and checking is not performed, regardless of the
PE bit setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled”

Note: * When the PE bitis set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity
(even or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. The O/E bit setting isinvalid in synchronous mode, when parity
bit addition and checking is disabled in asynchronous mode, and when a multiprocessor format is
used.

Bit 4

OE Description

0 Even parity** (Initial value)
1 Odd parity**

Notes: 1. When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so that the total

number of 1 bits in the transmit character plus the parity bit is odd.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.
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Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP hit setting isonly valid in asynchronous mode. If synchronous mode is set the STOP
bit setting isinvalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit™* (Initial value)
1 2 stop bits**

Notes: 1. Intransmission, a single 1 bit (stop bit) is added to the end of a transmit character
before it is sent.

2. In transmission, two 1 bits (stop bits) are added to the end of a transmit character
before it is sent.

In reception, only thefirst stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis1, it istreated as a stop hit; if it is O, it istreated as the start bit of the next transmit
character.

Bit 2—Multiprocessor Mode (M P): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E bit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it isinvalid in synchronous mode.

For details of the multiprocessor communication function, see section 15.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Rev. 4.00 Jun 06, 2006 page 396 of 1004
REJ09B0301-0400

RENESAS



Section 15 Serial Communication Interface (SCI, IrDA)

Bits 1 and 0—Clock Select 1 and 0 (CK S1, CK S0): These hits select the clock source for the
baud rate generator. The clock source can be selected from @, ¢/4, ¢/16, and ¢/64, according to the
setting of bits CKS1 and CKS0.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 15.2.8, Bit Rate Register.

Bit 1 Bit 0

CKs1 CKSsOo Description

0 0 @clock (Initial value)
1 @4 clock

1 0 @16 clock
1 @64 clock

1526  Serial Control Register (SCR)

Bit 7 6 5 4 3 2 1 0
| TIE | RIE | TE | RE | MPIE | TEIE | CKE1 | CKEO ‘
Initial value 0 0 0 0 0 0 0 0

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

SCRis aregister that performs enabling or disabling of SCI transfer operations, serial clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can be read or written to by the CPU at all times.

SCRisinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.
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Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit-data-empty interrupt
(TXI1) request generation when serial transmit datais transferred from TDR to TSR and the TDRE
flagin SSRisset to 1.

Bit 7

TIE Description

0 Transmit-data-empty interrupt (TXI) request disabled” (Initial value)
1 Transmit-data-empty interrupt (TXI) request enabled

Note: * TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag,
then clearing it to O, or clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive-data-full interrupt (RXI)
request and receive-error interrupt (ERI) request generation when serial receive dataistransferred
from RSR to RDR and the RDRF flag in SSR is set to 1.

Bit 6

RIE Description

0 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
disabled” (Initial value)

1 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
enabled

Note: * RXI and ERI interrupt request cancellation can be performed by reading 1 from the
RDRF, FER, PER, or ORER flag, then clearing the flag to 0, or clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disables the start of serial transmission by the SCI.

Bit 5

TE Description

0 Transmission disabled™* (Initial value)
1 Transmission enabled™

Notes: 1. The TDRE flag in SSRis fixed at 1.
2. In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0.

SMR setting must be performed to decide the transmission format before setting the TE
bit to 1.
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Bit 4—Receive Enable (RE): Enables or disables the start of serial reception by the SCI.

Bit 4

RE Description

0 Reception disabled** (Initial value)
1 Reception enabled™?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

2. Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode.

SMR setting must be performed to decide the reception format before setting the RE bit
to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when receiving with the MP bit in SMR
setto 1.

The MPIE bit setting isinvalid in synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
¢ When the MPIE bit is cleared to O
¢ When data with MPB = 1 is received

1 Multiprocessor interrupts enabled®

Receive interrupt (RXI) requests, receive-error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to
RDR, receive error detection, and setting of the RDRF, FER, and ORER flags in SSR ,
is not performed. When receive data with MPB = 1 is received, the MPB bit in SSR is
set to 1, the MPIE bit is cleared to 0 automatically, and generation of RXl and ERI
interrupts (when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag
setting is enabled.

Bit 2—Transmit End Interrupt Enable (TEIE): Enables or disables transmit-end interrupt
(TEI) request generation if thereis no valid transmit datain TDR when the MSB is transmitted.
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Bit 2

TEIE Description

0 Transmit-end interrupt (TEI) request disabled” (Initial value)
1 Transmit-end interrupt (TEI) request enabled®

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then
clearing it to 0 and clearing the TEND flag to O, or clearing the TEIE bit to O.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ): These hits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEDO bits determines whether the SCK pin functions as an 1/0 port, the serial clock output pin, or
the serial clock input pin.

The setting of the CKEO bit, however, is only valid for internal clock operation (CKEL1 =0) in
asynchronous mode. The CKEQ bit setting isinvalid in synchronous mode, and in the case of
external clock operation (CKEL = 1). The setting of bits CKE1 and CKEO must be carried out
before the SCI’ s operating mode is determined using SMR.

For details of clock source selection, see table 15.9 in section 15.3, Operation.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as I/O port™*
Synchronous mode Internal clock/SCK pin functions as serial clock
output™*
1 Asynchronous mode Internal clock/SCK pin functions as clock output™?
Synchronous mode Internal clock/SCK pin functions as serial clock
output
1 0 Asynchronous mode External clock/SCK pin functions as clock input®*
Synchronous mode External clock/SCK pin functions as serial clock
input
1 Asynchronous mode External clock/SCK pin functions as clock input™?
Synchronous mode External clock/SCK pin functions as serial clock
input

Notes: 1. Initial value
2. Outputs a clock of the same frequency as the bit rate.
3. Inputs a clock with a frequency 16 times the bit rate.
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15.2.7  Serial Status Register (SSR)

Bit 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value 1 0 0 0 0 1 0 0
Read/Write  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: * Only O can be written, to clear the flag.

SSRis an 8-hit register containing status flags that indicate the operating status of the SCI, and
multiprocessor hits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.

SSRisinitialized to H'84 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR to TSR and the next serial data can be written to TDR.

Bit 7
TDRE Description
0 [Clearing conditions]

e When 0 is written in TDRE after reading TDRE = 1
*«  When the DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
¢ When the TE bitin SCR is 0
¢ When data is transferred from TDR to TSR and data can be written to TDR
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Bit 6—Receive Data Register Full (RDRF): Indicates that the received datais stored in RDR.

Bit 6

RDRF Description

0 [Clearing conditions] (Initial value)
e When 0 is written in RDRF after reading RDRF = 1
* When the DTC is activated by an RXI interrupt and reads data from RDR

1 [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Note: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR is cleared to 0.
If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.

Bit 5—Overrun Error (ORER): Indicatesthat an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)**
When 0 is written in ORER after reading ORER =1

1 [Setting condition]
When the next serial reception is completed while RDRF = 1**

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bit in SCR is

cleared to 0.

The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In synchronous mode, serial transmission cannot be continued,
either.
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Bit 4—Framing Error (FER): Indicates that aframing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

FER Description

0 [Clearing condition] (Initial value)**
When 0 is written in FER after reading FER =1

1 [Setting condition]
When the SCI checks the stop bit at the end of the receive data when reception ends,
and the stop bit is 0 **

Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR is

cleared to 0.

In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDREF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In synchronous mode, serial transmission cannot be continued,
either.

Bit 3—Parity Error (PER): Indicates that a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)**
When 0 is written in PER after reading PER = 1

1 [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit does not
match the parity setting (even or odd) specified by the O/E bit in SMR*?

Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR is

2.

cleared to 0.

If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In synchronous mode, serial transmission cannot be continued, either.
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Bit 2—Transmit End (TEND): Indicates that thereis no valid datain TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]

¢« When 0 is written in TDRE after reading TDRE = 1
e When the DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
¢ When the TE bitin SCRis 0
< When TDRE =1 at transmission of the last bit of a 1-byte serial transmit character

Bit 1—Multiprocessor Bit (MPB): When reception is performed using a multiprocessor format
in asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB is aread-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)”
When data with a 0 multiprocessor bit is received

1 [Setting condition]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.
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Bit 0—Multiprocessor Bit Transfer (MPBT): When transmission is performed using a
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT hit setting isinvalid when a multiprocessor format is not used, when not transmitting,
and in synchronous mode.

Bit 0

MPBT Description

0 Data with a 0 multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted

15.2.8 Bit Rate Register (BRR)

Bit 7 6 5 4 3 2 1 0

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

BRR isan 8-bit register that setsthe serial transfer bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CKS0 in SMR.

BRR can be read or written to by the CPU at all times.

BRRisinitialized to H'FF by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 15.3 shows sample BRR settings in asynchronous mode, and table 15.4 shows sample BRR
settings in synchronous mode.
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Table 15.3 BRR Settingsfor Various Bit Rates (Asynchronous M ode)

Operating Frequency @ (MHz)

@=2MHz @= 2.097152 MHz @=2.4576 MHz @=3MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 003 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 016 1 108 021 1 127 0.00 1 155 0.16
300 0 207 016 O 217 021 O 255 0.00 1 77 0.16
600 0 103 016 O 108 021 O 127 0.00 O 155 0.16
1200 0 51 016 O 54 -0.70 0 63 0.00 O 77 0.16
2400 0 25 016 O 26 1.14 O 31 0.00 O 38 0.16
4800 0 12 016 O 13 -2.48 0 15 0.00 O 19 -2.34
9600 — — — 0 6 —-2.48 0 7 0.00 O 9 —-2.34
19200 — — — — — — 0 3 0.00 O 4 —-2.34
31250 0 1 0.00 — — — — — — 0 2 0.00
38400 — — — — — — 0 1 0.00 — — —

Operating Frequency @ (MHz)
@=3.6864 MHz @=4MHz @=4.9152 MHz @=5MHz

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 003 2 86 031 2 88 -0.25
150 1 191 000 1 207 016 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 016 1 127 0.00 1 129 0.16
600 0 191 000 O 207 016 O 255 0.00 1 64 0.16
1200 0 95 0.00 O 103 016 O 127 0.00 O 129 0.16
2400 0 47 0.00 O 51 016 O 63 0.00 O 64 0.16
4800 0 23 0.00 O 25 016 O 31 0.00 O 32 -1.36
9600 0 11 000 O 12 016 O 15 0.00 O 15 1.73
19200 0 5 0.00 — — — 0 7 0.00 O 7 1.73
31250 — — — 0 3 0.00 O 4 -1.70 O 4 0.00
38400 0 2 0.00 — — — 0 3 0.00 O 3 1.73
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Operating Frequency @ (MHz)

@=6 MHz @=6.144 MHz @=7.3728 MHz ¢®=8MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 —0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 016 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 016 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 016 O 159 0.00 O 191 0.00 O 207 0.16
2400 0 77 016 O 79 0.00 O 95 0.00 O 103 0.16
4800 0 38 016 O 39 000 O 47 0.00 O 51 0.16
9600 0 19 -234 0 19 0.00 O 23 0.00 O 25 0.16
19200 0 9 -234 0 9 0.00 O 11 0.00 O 12 0.16
31250 0 5 0.00 O 5 240 — — — 0 7 0.00
38400 0 4 -234 0 4 0.00 O 5 0.00 — — —
Operating Frequency @ (MHz)

@=9.8304 MHz =10 MHz =12 MHz @=12.288 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 003 2 217  0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 016 1 155 016 1 159 0.00
1200 0 255 0.00 1 64 016 1 77 016 1 79 0.00
2400 0 127 0.00 O 129 016 O 155 016 O 159  0.00
4800 0 63 000 O 64 016 O 77 016 O 79 0.00
9600 0 31 0.00 O 32 -1.36 0 38 016 O 39 0.00
19200 0 15 0.00 O 15 173 0 19 -2.34 0 19 0.00
31250 0 9 -1.70 0 9 0.00 O 11 0.00 O 11 2.40
38400 0 7 0.00 O 7 173 0 9 -2.34 0 9 0.00
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Operating Frequency @ (MHz)

¢=14 MHz @=14.7456 MHz @=16 MHz ¢=17.2032 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 070 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191  0.00 2 207 016 2 223  0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 016 1 191 000 1 207 016 1 223  0.00
1200 1 90 016 1 95 0.00 1 103 016 1 111 0.00
2400 0 181 016 O 191 000 O 207 016 O 223  0.00
4800 0 90 016 O 95 0.00 O 103 016 O 111 0.00
9600 0 45 -093 0 47 0.00 O 51 016 O 55 0.00
19200 0 22 -093 0 23 0.00 O 25 016 O 27 0.00
31250 0 13 0.00 O 14 -1.70 O 15 0.00 O 16 1.20
38400 — — — 0 11 0.00 O 12 016 O 13 0.00

Operating Frequency @ (MHz)

@= 18 MHz @= 19.6608 MHz @= 20 MHz
Bit Rate Error Error Error
(bits/s) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 031 3 88 -0.25
150 2 233 0.16 2 255 0.00 3 64 0.16
300 2 116 0.16 2 127 000 2 129 0.16
600 1 233 016 1 255 0.00 2 64 0.16
1200 1 116 016 1 127 0.00 1 129 0.16
2400 0 233 016 O 255 0.00 1 64 0.16
4800 0 116 016 O 127 0.00 O 129 0.16
9600 0 58 -0.69 0 63 0.00 O 64 0.16
19200 0 28 1.02 O 31 0.00 O 32 -1.36
31250 0 17 0.00 O 19 -1.70 0 19 0.00
38400 0 14 -2.34 0 15 000 O 15 1.73
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Table15.4 BRR Settingsfor Various Bit Rates (Synchronous Mode)

Operating Frequency @ (MHz)

®=2MHz @®=4MHz @®=8 MHz @=10 MHz =16 MHz @®=20 MHz

Bit Rate

(bits/s) n N n N n N n N n N n N
110 3 70 — —

250 2 124 2 249 3 124 — — 3 249

500 1 249 2 124 2 249 — — 3 124 — —
1k 1 124 1 249 2 124 — — 2 249 — —
25k 0 199 1 99 1 199 1 249 2 99 2 124
5k 0 99 0 199 1 99 1 124 1 199 1 249
10k 0 49 0 99 0 199 0 249 1 99 1 124
25k 0 19 0 39 0 79 0 99 0 159 0 199
50 k 0 9 0 19 0 39 0 49 0 79 0 99
100 k 0 4 0 9 0 19 0 24 0 39 0 49
250 k 0 1 0 3 0 7 0 9 0 15 0 19
500 k 0 0" 0 1 0 3 0 4 0 7 0 9
1M 0 0" 0 1 0 3 0 4
25M 0 0" 0 1
5M 0 0"
Legend:

Blank: Cannot be set.
— Can be set, but there will be a degree of error.
*: Continuous transfer is not possible.

Note: As far as possible, the setting should be made so that the error is no more than 1%.
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The BRR setting is found from the following equations.

Asynchronous mode:
— ¢ 6 _
“eaxznixg Ot
Synchronous mode:
=% sq08_
8X22n_1XB *x10
Where B: Bit rate (bits/s)
N: BRR setting for baud rate generator (0 < N < 255)
@ Operating frequency (MHZz)
n: Baud rate generator input clock (n=0to 3)
(See the table below for the relation between n and the clock.)
SMR Setting
n Clock CKs1 CKSO0
0 ® 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is found from the following equation:

Error (%) =

@ x 108
%N+1)XBXG4XZ2”1

0
1 % 100
t
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Table 15.5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 15.6

and 15.7 show the maximum bit rates with external clock input.

Table15.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

¢ (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
49152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
19.6608 614400 0 0
20 625000 0 0
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Table15.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
19.6608 4.9152 307200
20 5.0000 312500
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Table15.7 Maximum Bit Rate with External Clock Input (Synchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3

1529 Serial Interface Mode Register (SCMR)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | SDIR | SINV | — | SMIF ‘
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W R/W — R/W

SCMR is an 8-bit readable/writable register used to select SCI functions.

SCMRisinitialized to H'F2 by areset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.

Bit 3—Data Transfer Direction (SDIR): Selectsthe seria/parallel conversion format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first
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Bit 2—Data Invert (SINV): Specifiesinversion of the datalogic level. The SINV bit does not
affect the logic level of the parity bit(s): parity bit inversion requires inversion of the O/E bit in
SMR.

Bit 2

SINV Description

0 TDR contents are transmitted without modification (Initial value)
Receive data is stored in RDR without modification

1 TDR contents are inverted before being transmitted

Receive data is stored in RDR in inverted form

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

Bit 0—Serial Communication Interface Mode Select (SMIF): Reserved hit. 1 should not be
written in this bit.

Bit 0

SMIF Description

0 Normal SCI mode (Initial value)
1 Reserved mode

15.2.10 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

Initalvaluoe o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W RW R/W RW RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR, comprising two 8-bit readable/writable registers, performs module stop mode control.
When bit MSTP7, MSTP6, or MSTP5 is set to 1, SCI0, SCI1, or SCI2 operation, respectively,
stops at the end of the bus cycle and atransition is made to module stop mode. For details, see
section 24.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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MSTPCRL Bit 7—Module Stop (M STP7): Specifies the SCI0 module stop mode.

MSTPCRL

Bit 7

MSTP7 Description

0 SCI0 module stop mode is cleared

1 SCI0 module stop mode is set (Initial value)

MSTPCRL Bit 6—Module Stop (M STP6): Specifies the SCI1 module stop mode.

MSTPCRL

Bit 6

MSTP6 Description

0 SCI1 module stop mode is cleared

1 SCI1 module stop mode is set (Initial value)

MSTPCRL Bit 5—Module Stop (M STP5): Specifies the SCI2 module stop mode.

MSTPCRL
Bit 5

MSTP5 Description

0 SCI2 module stop mode is cleared

1 SCI2 module stop mode is set (Initial value)
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15.2.11 Keyboard Comparator Control Register (KBCOMP)

Bit 7 6 5 4 3 2 1 0
| e | wcks2 | rckst | irckso | KBADE | KBCH2 | KBCHI | KBCHO |
Initial value 0 0 0 0 0 0 0 0

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

KBCOMP is an 8-bit readable/writable register that selects the functions of SCI2 and the A/D
converter.

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

Bit 7—IrDA Enable (IrE): Specifies normal SCI operation or IrDA operation for SCI2
input/output.

Bit 7

IrE Description

0 The TxD2/IrTxD and RxD2/IrRxD pins function as TxD2 and RxD2 (Initial value)
1 The TxD2/IrTxD and RxD2/IrRxD pins function as IrTxD and IrRxD

Bits 6 to 4—IrDA Clock Select 2to 0 (IrCKS2to Ir CK S0): These bits specify the high pulse
width in IrTxD output pulse encoding when the IrDA function is enabled.

Bit 6 Bit 5 Bit 4
IrCKS2 IrCKS1 IrCKS0 Description
0 0 0 B x 3/16 (3/16 of the bit rate) (Initial value)
1 @2
1 0 @4
1 @8
1 0 0 @16
1 @32
1 0 @64
1 @128

Bits 3 to 0—K eyboard Comparator Control: See the description in section 19, A/D converter.
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15.3 Operation

15.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or synchronous mode and the transmission format is made using SMR
as shown in table 15.8. The SCI clock is determined by a combination of the C/A bitin SMR and
the CKE1 and CKEOQ bitsin SCR, as shown in table 15.9.

Asynchronous M ode

» Datalength: Choice of 7 or 8 bits

» Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

» Detection of framing, parity, and overrun errors, and breaks, during reception
» Choice of internal or external clock as SCI clock source
O When internal clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequency as
the bit rate can be output

0O When externa clock is selected:

A clock with afrequency of 16 timesthe bit rate must be input (the on-chip baud rate
generator is not used)

Synchronous Maode

e Transfer format: Fixed 8-bit data
« Detection of overrun errors during reception
e Choice of internal or externa clock as SCI clock source
O When internal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
0 When external clock is selected:
The on-chip baud rate generator is not used, and the SCI operates on the input serial clock
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Table15.8 SMR Settingsand Serial Transfer Format Selection

SMR Settings SCI Transfer Format
Bit7 Bit6 Bit2 Bit5 Bit3 Multi- . .
_ Data processor Parity  Stop Bit
C/IA CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bitdata No No 1 bit
1 Mmode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 — 0 Asynchronous 8-bit data Yes No 1 bit
_ 1 mode (multi- 2 bits
processor format) _— _—
1 — 0 7-bit data 1 bit
— 1 2 bits
1 — — — — Synchronous mode 8-bitdata No None

Table15.9 SMR and SCR Settingsand SCI Clock Source Selection

SMR SCR Setting SCI Transfer Clock
B|t_7 Bit 1 Bit 0 Clock
C/IA CKE1 CKEO Mode Source SCK Pin Function
0 0 0 Asynchronous  Internal SCI does not use SCK pin
1 mode Outputs clock with same frequency as bit
rate
1 0 External Inputs clock with frequency of 16 times
1 the bit rate
1 0 0 Synchronous Internal Outputs serial clock
1 mode
1 0 External Inputs serial clock
1

Rev. 4.00 Jun 06, 2006 page 418 of 1004
REJ09B0301-0400

RENESAS



Section 15 Serial Communication Interface (SCI, IrDA)

15.3.2 Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating the
start of communication and followed by one or two stop bits indicating the end of communication.
Serial communication is thus carried out with synchronization established on a character-by-
character basis.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and the receiver also have a double-buffered structure, so
that data can be read or written during transmission or reception, enabling continuous data
transfer.

Figure 15.2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission lineis usualy held in the mark state (high
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data (in LSB-
first order), a parity bit (high or low level), and finally one or two stop bits (high level).

In asynchronous mode, the SCI performs synchronization at the falling edge of the start bit in
reception. The SCI samples the data on the 8th pulse of a clock with afrequency of 16 timesthe
length of one bit, so that the transfer datais latched at the center of each bit.

Idle state
(mark state)

1 LSB MSB 1

jaetr;a' o | po| D1 |D2|D3|Da|D5 | D6 | D7 |OL| 1 1

Start Parity| Stop bit(s)
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bit, lor

ornone 2 bits

One unit of transfer data (character or frame)

Figure15.2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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Data Transfer Format

Table 15.10 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected by settingsin SMR.

Table 15.10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR PE MP sSTop |1 |2 |3 |4 |5 6/|7]|8|9 10 11 12]

0 0 0 0 s | 8-bit data sTop

0 0 0 1 ‘ S ’ 8-bit data ‘STOP‘STOP

0 1 0 0 \ s | 8-bit data | P [sTop

0 1 0 1 ‘ S ‘ 8-bit data ‘ P ‘STOP‘STOP
1 0 0 0 ‘ S ‘ 7-bit data ‘STOP

1 0 0 1 ‘ S ‘ 7-bit data ‘STOP‘STOP

1 1 0 0 ‘ S ‘ 7-bit data ‘ P ‘STOP

1 1 0 1 ‘ S ‘ 7-bit data ‘ P ‘STOP‘STOP

0 — 1 0 ‘ S ‘ 8-bit data ‘MPB‘STOP

0 — 1 1 ‘ S ‘ 8-bit data ‘MPB‘STOP‘STOP
1 — 1 0 ‘ S ‘ 7-bit data ‘MPB ‘STOP

1 — 1 1 ‘ S ‘ 7-bit data ‘MPB‘STOP‘STOP
Legend:

S: Start bit

STOP: Stop bit

P: Parity bit

MPB: Multiprocessor bit
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Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the SCI’s serial clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEO bitsin SCR. For details of SCI clock source selection, see table
15.9.

When an external clock isinput at the SCK pin, the clock frequency should be 16 times the bit rate
used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this caseis equal to the bit rate, and the phase is such that the
rising edge of the clock is at the center of each transmit data bit, as shown in figure 15.3.

JuUuyuyuyuyy

0 DO | D1 D2 D3 D4 | D5 | D6 D7 | 0/1 1 1

1 frame

A

-
-

Figure 15.3 Relation between Output Clock and Transfer Data Phase
(Asynchronous M ode)

Data Transfer Operations

SCI Initialization (Asynchronous Mode): Before transmitting and receiving data, first clear the
TE and RE bitsin SCR to 0, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to O, the
TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE bit to 0 does not change the
contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

When an external clock is used the clock should not be stopped during operation, including
initialization, since operation is uncertain.
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Figure 15.4 shows a sample SCI initialization flowchart.

C Start initialization > [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
‘ TEIE, and MPIE, and bits TE and

| Clear TE and RE bits in SCR to 0 | RE, to 0.
‘ When the clock is selected in
Set CKE1 and CKEQ bits in SCR X asynchronous mode, it is output
(TE, RE bits 0) (1 immediately after SCR settings are
made.

Set data transfer format in

[2] Set the data transfer format in SMR

SMR and SCMR 2] and SCMR.
\ [3] Write a value corresponding to the
Set value in BRR 3] bit rate to BRR. This is not
necessary if an external clock is
- WNait used.
No [4] Wait at least one bit interval, then
1-bit interval elapsed? set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
Yes MPIE b|tS
Setting the TE and RE bits enables
Set TE and RE bits in the TxD and RxD pins to be used.
SCR to 1, and set RIE, TIE, TEIE, [4]
and MPIE bits

<Initialization completed>

Figure 15.4 Sample SCI Initialization Flowchart
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Serial Data Transmission (Asynchronous Mode): Figure 15.5 shows a sample flowchart for
seria transmission.

The following procedure should be used for seria data transmission.

| Initialization | () [1] SClinitialization:
I The TxD pin is automatically

< . ) designated as the transmit data
Start transmission .
output pin.
}<— After the TE bit is set to 1, one
| Read TDRE flag in SSR | 2] frame of 1s is output and
transmission is enabled.
No [2] SCI status check and transmit data
write:
Read SSR and check that the
Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the
Write transmit data to TDR TDRE flag to 0.

and clear TDRE flag in SSR to 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR, and then
- 3] clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
Read TEND flag in SSR automatic when the DTC is

activated by a transmit-data-empty
interrupt (TXI) request, and data is
written to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
[4] transmission, set DDR for the port
corresponding to the TxD pinto 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Break output?

Clear DR to 0 and
set DDR to 1

PE—

Clear TE bitin SCRto 0 |

<End>

Figure15.5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if it is O, recognizes that data has been written to

TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at thistime, atransmit data empty interrupt (TXI) is generated.
The serial transmit data is sent from the TXD pin in the following order.

a

Start bit:

One 0-bit is output.

Transmit data:

8-hit or 7-bit dataiis output in LSB-first order.

Parity bit or multiprocessor bit:

One parity bit (even or odd parity), or one multiprocessor bit is output.

A format in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

Stop bit(s):

One or two 1-bits (stop bits) are output.

Mark state:

1isoutput continuously until the start bit that starts the next transmission is sent.

3. The SCI checksthe TDRE flag at the timing for sending the stop bit.

If the TDRE flag is cleared to 0, the datais transferred from TDR to TSR, the stop bit is sent,

and then serial transmission of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSRis set to 1, the stop bit is sent, and then the
mark stateis entered in which 1 is output continuoudly. If the TEIE bitin SCRisset to 1 at this

time, a TEI interrupt request is generated.
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Figure 15.6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit % bit bit  bit % bit bit 1
) )
0o | po| b1 b7 |o1| 1 | o | po | D1 D7 | on Idle state
(mark state)

((
))

TDRE («
A A ) A
TEND (« «
) ) 1
TXI interrupt Data written to TDR and TXI interrupt )
request generated TDRE flag cleared to 0 in request generated TEl interrupt

TXI interrupt handling routine request generated

1 frame

Figure15.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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Serial Data Reception (Asynchronous Mode): Figure 15.7 shows a sample flowchart for serial
reception.

The following procedure should be used for serial data reception.

| Initialization | 1] [1] SCl initialization:
‘ The RxD pin is automatically
( Start reception > designated as the receive data
input pin.

-
-

[2] [3] Receive error handling and
break detection:
Read ORER, PER, and 2] If a receive error occurs, read the
FER flags in SSR ORER, PER, and FER flags in
SSR to identify the error. After
performing the appropriate error
handling, ensure that the ORER,
PER, and FER flags are all
cleared to 0. Reception cannot
be resumed if any of these flags
are setto 1. In the case of a
framing error, a break can be
Read RDRF flag in SSR | [4] detected by reading the value of
the input port corresponding to
the RxD pin.

Yes

PER OFER OORER =17

Error handling

(Continued on next page)

No
[4] SCI status check and receive

data read :
Yes Read SSR and check that RDRF
=1, then read the receive data in
Read receive data in RDR, and RDR and clear the RDRF flag to
clear RDRF flag in SSR to 0 0. Transition of the RDRF flag
from O to 1 can also be identified
by an RXI interrupt.

5] [5] Serial reception continuation
procedure:
To continue serial reception,
before the stop bit for the current
frame is received, read the
RDREF flag, read RDR, and clear
the RDRF flag to 0. The RDRF
<End> flag is cleared automatically
when the DTC is activated by an
RXI interrupt and the RDR value
is read.

All data received?

Clear RE bitin SCRto 0

Figure15.7 Sample Serial Reception Data Flowchart
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(3]
C Error handling >

No

ORER =17?

Yes

Overrun error handling

No
Break?

Yes
A
Framing error handling | | Clear RE bitin SCRto 0

-

No
PER =17

Yes

Parity error handling

|
Pl

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure15.7 Sample Serial Reception Data Flowchart (cont)
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In serial reception, the SCI operates as described below.

1. The SCI monitorsthe transmission line, and if a0 stop bit is detected, performs internal
synchronization and starts reception.

2. Thereceived datais stored in RSR in LSB-to-M SB order.
3. The parity hit and stop bit are received.
After receiving these bits, the SCI carries out the following checks.

a. Parity check:

The SCI checks whether the number of 1 bitsin the receive data agrees with the parity
(even or odd) set in the O/E bit in SMR.

b. Stop bit check:

The SCI checks whether the stop bit is 1.

If there are two stop bits, only the first is checked.
c. Status check:

The SCI checks whether the RDRF flag is O, indicating that the receive data can be
transferred from RSR to RDR.

If al the above checks are passed, the RDRF flag is set to 1, and the receive datais stored in
RDR.

If areceive error” is detected in the error check, the operation is as shown in table 15.11.

Note: * Subsequent receive operations cannot be performed when areceive error has
occurred.
Also note that the RDRF flag is not set to 1 in reception, and so the error flags must
be cleared to 0.

4. If the RIE bitin SCR is set to 1 when the RDRF flag changesto 1, areceive-data-full interrupt
(RXI) request is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER, PER, or FER flag changesto 1, a
receive-error interrupt (ERI) request is generated.
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Table 15.11 Receive Errorsand Conditionsfor Occurrence

Receive Error Abbreviation  Occurrence Condition Data Transfer

Overrun error ORER When the next data reception is Receive data is not
completed while the RDRF flag transferred from RSR to
in SSRis setto 1 RDR

Framing error FER When the stop bit is 0 Receive data is transferred

from RSR to RDR

Parity error PER When the received data differs  Receive data is transferred
from the parity (even or odd) set from RSR to RDR
in SMR

Figure 15.8 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit (( bit  bit  bit (( bit  bit 1
) )
o | bo| b1 o7 o1 | 1 | o | po | b1 D7 | oin | 0 |ldlestate
(mark state)

(C
) A

RDR data read and RDRF

flag cleared to 0 in RXI ERI interrupt request

interrupt handling routine generated by framing
error

RXI interrupt
request
generated

f 1 frame !

Figure 15.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
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15.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using a
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in asynchronous
mode. Use of this function enables data transfer to be performed among a number of processors
sharing transmission lines.

When multiprocessor communication is carried out, each receiving station is addressed by a
unique 1D code.

The serial communication cycle consists of two component cycles: an ID transmission cycle
which specifies the receiving station, and a data transmission cycle. The multiprocessor bit is used
to differentiate between the ID transmission cycle and the data transmission cycle.

The transmitting station first sendsthe ID of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as data
with a0 multiprocessor bit added.

The receiving station skips the data until data with a 1 multiprocessor bit is sent.

When data with a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose | D matches then receives the data sent next. Stations whose ID does
not match continue to skip the data until data with a1 multiprocessor hit is again received. In this
way, data communication is carried out among a number of processors.

Figure 15.9 shows an example of inter-processor communication using a multiprocessor format.
Data Transfer Format

There are four data transfer formats.

When a multiprocessor format is specified, the parity bit specification isinvalid.

For details, see table 15.10.
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Clock

See the section on asynchronous mode.

Transmitting
station
Y Serial communication line
! 1 1 1
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID =03) (ID =04)
Serial
data | | | wo | | | raa |
} (MPB = 1) (MPB = 0) :
ID transmission cycle: Data transmission cycle:
receiving station data transmission to
specification receiving station specified
by ID
Legend:

MPB: Multiprocessor bit

Figure15.9 Example of Inter-Processor Communication Using Multiprocessor For mat
(Transmission of Data H'AA to Recelving Station A)

Data Transfer Operations

Multiprocessor Serial Data Transmission: Figure 15.10 shows a sample flowchart for
multiprocessor serial datatransmission.

The following procedure should be used for multiprocessor serial datatransmission.
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‘ Initialization | (1] [1] SClinitialization:
I The TxD pin is automatically
. designated as the transmit data
( Start transmission > .
output pin.
}47 After the TE bit is set to 1, one
| Read TDRE flag in SSR | [z  frameof 1sis output and
transmission is enabled.
No [2] scI status check and transmit
data write:
Read SSR and check that the
Yes TDRE flag is set to 1, then write
transmit data to TDR. Set the
Write transmit data to TDR and MPBT bit in SSR to 0 or 1.
set MPBT bit in SSR Finally, clear the TDRE flag to 0.

\ [3] Serial transmission continuation
Clear TDRE flag to O Pfocedl!rei ) o
To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is

All data transmitted? (3] possible, then write data to TDR,
and then clear the TDRE flag to
Yes 0. Checking and clearing of the

- TDRE flag is automatic when the

DTC is activated by a transmit-
data-empty interrupt (TXI)
request, and data is written to
TDR.

Read TEND flag in SSR

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set the port DDR to
[4] 1, clear DR to 0, then clear the
TE bitin SCR to 0.

Break output?

Clear DR to 0 and set DDR to 1

Clear TE bitin SCRto 0

=

<End>

Figure15.10 Sample Multiprocessor Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if it is O, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at thistime, atransmit-data-empty interrupt (TXI) is generated.
The serial transmit data is sent from the TXD pin in the following order.

a Start bit:
One 0-bit is output.
b. Transmit data:
8-hit or 7-bit dataiis output in LSB-first order.
¢. Multiprocessor bit
One multiprocessor bit (MPBT value) is output.
d. Stop bit(s):
One or two 1-bits (stop bits) are output.
e. Mark state:
1isoutput continuously until the start bit that starts the next transmission is sent.

3. The SCI checksthe TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, the stop bit is sent, and
then serial transmission of the next frame is started.
If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the
mark stateis entered in which 1 is output continuously. If the TEIE bit in SCRisset to 1 at this
time, atransmit-end interrupt (TEI) request is generated.
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Figure 15.11 shows an example of SCI operation for transmission using a multiprocessor format.

Multi-
proce- Multi-
Start Data ssor Stop Start Data proces- Stop
1 bit « bit  bit bit (« sor bit bit 1
D) )
0 | Do | D1 D7 | 01| 1 | 0o | DO | D1 D7 | o/1 | 1 Idlestate
( ( (mark state)
; ) ! )
: Lo
| )
TDRE ! « |
I / 7 I
TEND ‘ (« L
‘ ) ™)) 1
TXI interrupt Data written to TDR TXI interrupt
request and TDRE flag cleared to request generated TEl interrupt
generated ! 0 in TXI interrupt handling 1 request generated

routine

1 frame

Figure15.11 Example of SCI Operation in Transmission
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)

Multiprocessor Serial Data Reception: Figure 15.12 shows a sample flowchart for
multiprocessor serial reception.

The following procedure should be used for multiprocessor serial data reception.
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| Initialization | [1] SCl initialization:
‘ The RxD pin is automatically
C Start reception > designated as the receive data
input pin.

—_—-m
| Read MPIE bit in SCR | 2] [2] 1D reception cycle:

I Set the MPIE bit in SCR to 1.

| Read ORER and FER flags in SSR |

FER OORER =17
No

[3] SCI status check, ID reception
and comparison:
Read SSR and check that the
RDRF flag is set to 1, then read
the receive data in RDR and
compare it with this station’s ID.

Read RDRF flag in SSR 3] If the data is not this station’s ID,
No set the MPIE bit to 1 again, and
clear the RDRF flag to 0.
If the data is this station’s ID,
Yes clear the RDRF flag to O.
Read receive data in RDR [4] SCI status check and data
reception:

Read SSR and check that the
RDRF flag is set to 1, then read
the data in RDR.

This station's ID?

Yes [5] Receive error handling and break
— detection:
Read ORER and FER flags in SSR If a receive error occurs, read the
ORER and FER flags in SSR to
Yes identify the error. After

FER OORER =17

Y

performing the appropriate error
handling, ensure that the ORER
and FER flags are both cleared

Read RDRF flag in SSR [4] 0. _
Reception cannot be resumed if

either of these flags is set to 1.

In the case of a framing error, a
break can be detected by reading
the RxD pin value.

Read receive data in RDR

All data received?

y 8

( Error handling )

(Continued on
next page)

Clear RE bitin SCRto 0

<End>

Figure15.12 Sample Multiprocessor Serial Reception Flowchart
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(5] < Error handling >

No
ORER =17

Yes

Overrun error handling

-
-

Yes

No

Y

Framing error handling | | Clear RE bitin SCR to 0

| ‘
|

Clear ORER, PER, and
FER flags in SSR to O

<End>

Figure15.12 Sample Multiprocessor Serial Reception Flowchart (cont)
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Figure 15.13 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Datal) Stop
1 bit % MPB  bit bit [« MPB  bit 1
) )
0 DO | D1 D7 1 1 0 DO | D1 D7 0 1 |dle state

5 { (mark state)

MPIE
RDRF [« («
) / / ) A
RDR X D1
value
MPIE=0 RXl interrupt RDR data read If not this station’s ID, RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated handling routine
(a) Data does not match station’s ID
Start Data (ID2) Stop Start Data (Data2) Stop
1 bit % MPB  bit bit [« MPB  bit 1
)) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 lIdle state
{ { (mark state)
MPIE | [«
)) i
RDRF (« («
) / / )
RDR
value ID1 X ID2 X Data2
MPIE=0 RXl interrupt RDR data read and Matches this station’s ID, MPIE bit set to 1
request RDREF flag cleared  so reception continues, and again
(multiprocessor to 0 in RXI interrupt  data is received in RXI
interrupt) handling routine interrupt handling routine
generated

(b) Data matches station’s ID

Figure 15.13 Example of SCI Operation in Reception
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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15.3.4  Operation in Synchronous Mode

In synchronous mode, datais transmitted or received in synchronization with clock pulses, making
it suitable for high-speed serial communication.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication by use of acommon clock. Both the transmitter and the receiver also have a
double-buffered structure, so that data can be read or written during transmission or reception,
enabling continuous data transfer.

Figure 15.14 shows the general format for synchronous serial communication.

One unit of transfer data (character or frame)
Serial
clock ‘ ‘
| LSB MSB |
Serial \ - - - - - - - - \
datn A ><B|t0><B|t1><B|t2><B|t3><B|t4><B|t5><B|t6><B|t7>< ?

Don’t care Don't care

Note: * High except in continuous transfer

Figure 15.14 Data Format in Synchronous Communication

In synchronous serial communication, data on the transmission line is output from one falling edge
of the serial clock to the next. Datais guaranteed valid at the rising edge of the serial clock.

In synchronous serial communication, one character consists of data output starting with the LSB
and ending with the MSB. After the MSB is output, the transmission line holds the MSB state.

In synchronous mode, the SCI receives data in synchronization with the rising edge of the serial
clock.

Data Transfer Format
A fixed 8-bit dataformat is used.

No parity or multiprocessor bits are added.
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Clock

Either an internal clock generated by the on-chip baud rate generator or an external serial clock
input at the SCK pin can be selected, according to the setting of the C/A bit in SMR and the CKE1
and CKEOQ hitsin SCR. For details on SCI clock source selection, see table 15.9.

When the SCI is operated on an internal clock, the serial clock is output from the SCK pin.

Eight serial clock pulses are output in the transfer of one character, and when no transfer is
performed the clock is fixed high. When only receive operations are performed, however, the
serial clock is output until an overrun error occurs or the RE bit is cleared to 0. To perform receive
operations in units of one character, select an external clock as the clock source.

Data Transfer Operations

SCI Initialization (Synchronous Mode): Before transmitting and receiving data, first clear the
TE and RE bitsin SCR to 0, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to 0, the
TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE bit to 0 does not change the
settings of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

Figure 15.15 shows a sample SCI initialization flowchart.
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C Start initialization

)

| Clear TE and RE bits in SCR to 0 |

Set CKE1 and CKEO bits in SCR
(TE, RE bits 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

(1]

(2]

(3]

A

1-bit interval elapsed?

Set TE and RE bits in SCR to 1, and
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

No

(4

(1]

(2]

(3]

(4]

Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE, to O.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the bit
rate to BRR. This is not necessary if an
external clock is used.

Wait at least one bit interval, then set
the TE bit or RE bit in SCR to 1.

Also set the RIE, TIE, TEIE, and MPIE
bits.

Setting the TE and RE bits enables the
TxD and RxD pins to be used.

Note: In simultaneous transmit and receive operations, the TE bit and RE bit should both be cleared

to 0 or set to 1 simultaneously.

Figure15.15 Sample SCI Initialization Flowchart
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Serial Data Transmission (Synchronous Mode): Figure 15.16 shows a sample flowchart for
seria transmission.

The following procedure should be used for seria data transmission.

| Initialization | ] [1] SClinitialization:
‘ The TxD pin is automatically
C Start transmission > designated as the transmit data output
pin.
-—————————————————
| Read TDRE flag in SSR | 2] [2] SCI status check and transmit data
write:
Read SSR and check that the TDRE
No flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to O.
ves [3] Serial transmission continuation

procedure:

To continue serial transmission, be

sure to read 1 from the TDRE flag to

confirm that writing is possible, then

write data to TDR, and then clear the
(3] TDRE flag to 0.
Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit-data-empty
Read TEND flag in SSR interrupt (TXI) request and data is
written to TDR.

Write transmit data to TDR and
clear TDRE flag in SSR to 0

All data transmitted?

Yes

o

No

Yes

Clear TE bitin SCRto 0

<End>

Figure15.16 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1

4.

The SCI monitorsthe TDRE flag in SSR, and if it is 0, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at thistime, a transmit-data-empty interrupt (TXI) is
generated.

When clock output mode has been set, the SCI outputs 8 serial clock pulses. When use of an
external clock has been specified, datais output synchronized with the input clock.

The serial transmit datais sent from the TxD pin starting with the LSB (bit 0) and ending with
the MSB (bit 7).

The SCI checks the TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and serial transmission
of the next frame is started.

If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, the MSB (bit 7) is sent, and the
TxD pin maintains its state.

If the TEIE bitin SCRisset to 1 at thistime, atransmit-end interrupt (TEI) request is
generated.

After completion of serial transmission, the SCK pinisheld in aconstant state.

Figure 15.17 shows an example of SCI operation in transmission.
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Transfer direction

Serial clock ¥

Serial data X Bito X Bit1 ><:§ X Bit7 X Bito X Bit1 ><:; >-< Bit 7
| | ((
; ‘ )

TDRE B
7 i ) ] | _
TEND
(( (
) )) A
TXI interrupt Data written to TDR  TXl interrupt TEI interrupt
request generated  and TDRE flag request generated request generated

cleared to 0 in TXI
interrupt handling routine

1 frame

Figure 15.17 Example of SCI Operation in Transmission

Serial Data Reception (Synchronous Mode): Figure 15.18 shows a sample flowchart for seria
reception.

The following procedure should be used for serial datareception.

When changing the operating mode from asynchronous to synchronous, be sure to check that the
ORER, PER, and FER flags are all cleared to 0.

The RDRF flag will not be set if the FER or PER flag is set to 1, and neither transmit nor receive
operations will be possible.

Rev. 4.00 Jun 06, 2006 page 443 of 1004
REJ09B0301-0400
RENESAS




Section 15 Serial Communication Interface (SCI, IrDA)

[1] [1] SClinitialization:
The RxD pin is automatically
designated as the receive data
input pin.

| Initialization |
\

Start reception

.
[2] [3] Receive error handling:

| Read ORER flag in SSR | [2] If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error

[3] handling, clear the ORER flag to
0. Transfer cannot be resumed if

No ( Error handling > the ORER flag is set to 1.
[4]

SCI status check and receive

data read:

Read SSR and check that the

RDREF flag is set to 1, then read

the receive data in RDR and

No clear the RDRF flag to O.
Transition of the RDRF flag from
0 to 1 can also be identified by

Yes an RXI interrupt.

(Continued below)

Read RDRF flag in SSR | [4]

[5] Serial reception continuation
procedure:
To continue serial reception,
before the MSB (bit 7) of the
current frame is received, finish
5] reading the RDRF flag, reading
RDR, and clearing the RDRF flag
to 0. The RDRF flag is cleared
automatically when the DTC is
| Clear RE bit in SCR t0 0 | activated by a receive-data-full
interrupt (RXI) request and the
RDR value is read.

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

<End>

[3] ( Error handling )

| Overrun error handling |

| Clear ORER flag in SSR to 0 |

<End>

Figure15.18 Sample Serial Reception Flowchart
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In serial reception, the SCI operates as described below.
1. The SCI performsinternal initialization in synchronization with serial clock input or output.

2. Thereceived datais stored in RSR in LSB-to-M SB order.

After reception, the SCI checks whether the RDRF flag is 0 and the receive data can be
transferred from RSR to RDR.

If this check is passed, the RDRF flag is set to 1, and the receive datais stored in RDR. If a
receive error is detected in the error check, the operation is as shown in table 15.11.

Neither transmit nor receive operations can be performed subsequently when areceive error
has been found in the error check.

3. If theRIE bit in SCR is set to 1 when the RDRF flag changesto 1, areceive-data-full interrupt
(RXI) request is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER flag changesto 1, areceive-error
interrupt (ERI) request is generated.

Figure 15.19 shows an example of SCI operation in reception.

Serial E
clock
Serial : - - . - -
Seri CI € I €1 CIY CIY I €D €30
RDRF | |

i A i —
ORER | i

| A
RXI interrupt request : RDR data read and : RXl interrupt request  ERI interrupt request

generated . RDRF flag clearedto 0 | generated generated by overrun
3 in RXI interrupt handling : error
' routine !
! 1 frame ‘

Figure15.19 Example of SCI Operation in Reception

Simultaneous Serial Data Transmission and Reception (Synchronous M ode): Figure 15.20
shows a sample flowchart for simultaneous serial transmit and receive operations.

The following procedure should be used for simultaneous serial data transmit and receive
operations.
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(1]

’ Initialization ‘ [1]
[
C Start transmission/reception )

-

’ Read TDRE flag in SSR ‘ [2]

[2
No

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

—>{ (3]

’ Read ORER flag in SSR ‘

Read RDRF flag in SSR ‘ [4]

No

Yes [5]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

5]

Clear TE and RE bits in SCR to 0

<End>

Note: When switching from transmit or receive operation to simultaneous
transmit and receive operations, first clear the TE bit and RE bit to
0, then set both these bits to 1 simultaneously.

SCl initialization:

The TxD pin is designated as the
transmit data output pin, and the
RxD pin is designated as the
receive data input pin, enabling
simultaneous transmit and receive
operations.

SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Transition of the TDRE flag from O
to 1 can also be identified by a TXI
interrupt.

Receive error handling:

If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error
handling, clear the ORER flag to 0.
Transmission/reception cannot be
resumed if the ORER flag is set to
1.

SCI status check and receive data
read:

Read SSR and check that the
RDRF flag is set to 1, then read the
receive data in RDR and clear the
RDREF flag to 0. Transition of the
RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Serial transmission/reception
continuation procedure:

To continue serial transmission/
reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag to
0. Also, before the MSB (bit 7) of
the current frame is transmitted,
read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR and clear the
TDRE flag to 0.

Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit-data-empty
interrupt (TXI) request and data is
written to TDR. Also, the RDRF flag
is cleared automatically when the
DTC is activated by a receive-data-
full interrupt (RXI) request and the
RDR value is read.

Figure15.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations

Rev. 4.00 Jun 06, 2006 page 446 of 1004
REJ09B0301-0400
RENESAS




Section 15 Serial Communication Interface (SCI, IrDA)

1535 IrDA Operation
Figure 15.21 shows a block diagram of the IrDA function.

When the IrDA function is enabled with bit IrE in KBCOMP, the SCI channel 2 TxD2 and RxD2
signals are subjected to waveform encoding/decoding conforming to IrDA specification version
1.0 (IrTxD and IrRxD pins). By connecting these pins to an infrared transceiver/receiver, it is
possible to implement infrared transmission/reception conforming to the IrDA specification
version 1.0 system.

Inthe IrDA specification version 1.0 system, communication is started at a transfer rate of 9600
bps, and subsequently the transfer rate can be varied as necessary. Asthe IrDA interfacein the
H8S5/2138 Group and H8S/2134 Group does not include afunction for varying the transfer rate
automatically, the transfer rate setting must be changed by software.

IrDA SCI2

XD

TxD2/I'TxXD -e—— Pulse encoder [

RxD
RxD2/IrRxD —®| Pulse decoder L

KBCOMP

Figure 15.21 Block Diagram of IrDA Function

Transmission: In transmission, the output signal (UART frame) from the SCl is converted to an
IR frame by the IrDA interface (see figure 15.22).

When the serial datais 0, a high-level pulses of 3/16 the hit rate (interval equivalent to the width
of one bit) isoutput (initial value). The high-level pulse can be varied according to the setting of
bits IrCKS2 to IrCKS0 in KBCOMP.
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The high-level pulse width isfixed at aminimum of 1.41 ps, and a maximum of (3/16 + 2.5%) x
bit rate or (3/16 x bit rate) + 1.08 us. When system clock ¢ is 20 MHz, 1.6 ps can be set asthe
minimum high-level pulse width at 1.41 us or above.

When the serial datais 1, no pulseis output.

'« UART frame -
Start ¢ Data ———————————®igiop
bit bit

0 1 0 1 0 0 1 1 0 1

Transmission ¢ ? Reception

-—— |R frame -

Start [ «——— Data > Stop
bit bit
| | 0 1 |_| o 1 |_|0 |_|0 1 1 |_|O 1

> - | | Pulse width is 1.6 us

. to 3/16 bit interval

Bit

interval

Figure15.22 |1rDA Transmit/Receive Operations

Reception: In reception, IR frame datais converted to a UART frame by the IrDA interface, and
input to the SCI.

When a high-level pulseis detected, O datais output, and if there is no pulse during a one-bit
interval, 1 datais output. Note that a pulse shorter than the minimum pulse width of 1.41 ps will
be identified asa 0 signal.

High-Level Pulse Width Selection: Table 15.12 shows possible settings for bits IrCKS2 to
IrCK SO (minimum pulse width), and H8S/2138 Group and H85/2134 Group operating frequencies
and bit rates, for making the pulse width shorter than 3/16 times the bit rate in transmission.
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Table 15.12 Bit IrCKS2to IrCK S0 Settings

Bit Rate (bps) (Upper Row) / Bit Interval x 3/16 (us) (Lower Row)

Srizrfgr?fy 2400 9600 19200 38400 57600 115200
®(MHz) 78.13 19.53 9.77 4.88 3.26 1.63
2 010 010 010 010 010 —
2097152 010 010 010 010 010 —
2.4576 010 010 010 010 010 —
3 011 011 011 011 011 —
3.6864 011 011 011 011 011 011
4.9152 011 011 011 011 011 011
5 011 011 011 011 011 011
6 100 100 100 100 100 100
6.144 100 100 100 100 100 100
7.3728 100 100 100 100 100 100
8 100 100 100 100 100 100
9.8304 100 100 100 100 100 100
10 100 100 100 100 100 100
12 101 101 101 101 101 101
12.288 101 101 101 101 101 101
14 101 101 101 101 101 101
14.7456 101 101 101 101 101 101
16 101 101 101 101 101 101
16.9344 101 101 101 101 101 101
17.2032 101 101 101 101 101 101
18 101 101 101 101 101 101
19.6608 101 101 101 101 101 101
20 101 101 101 101 101 101
Legend:

—: An SCI hit rate setting cannot be mode.
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15.4  SCI Interrupts

The SCI has four interrupt sources: the transmit-end interrupt (TEI) request, receive-error interrupt
(ERI) request, receive-data-full interrupt (RXI) request, and transmit-data-empty interrupt (TXI1)
request. Table 15.13 shows the interrupt sources and their relative priorities. Individual interrupt
sources can be enabled or disabled with the TIE, RIE, and TEIE bitsin SCR. Each kind of
interrupt request is sent to the interrupt controller independently.

When the TDRE flag in SSRis set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRissetto 1, aTEI interrupt request is generated. A TXI interrupt can activate the DTC to
perform data transfer. The TDRE flag is cleared to 0 automatically when data transfer is
performed by the DTC. The DTC cannot be activated by a TEI interrupt request.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flagin SSRis set to 1, an ERI interrupt request is generated. An RX| interrupt can
activate the DTC to perform datatransfer. The RDRF flag is cleared to O automatically when data
transfer is performed by the DTC. The DTC cannot be activated by an ERI interrupt request.

Table 15.13 SCI Interrupt Sources

Interrupt
Channel  Source Description DTC Activation  Priority*
0 ERI Receive error (ORER, FER, or PER) Not possible High
RXI Receive data register full (RDRF) Possible 4
TXI Transmit data register empty (TDRE) Possible
TEI Transmit end (TEND) Not possible
1 ERI Receive error (ORER, PER, or PER) Not possible
RXI Receive data register full (RDRF) Possible
TXI Transmit data register empty (TDRE) Possible
TEI Transmit end (TEND) Not possible
2 ERI Receive error (ORER, PER, or PER) Not possible
RXI Receive data register full (RDRF) Possible
TXI Transmit data register empty (TDRE) Possible
TEI Transmit end (TEND) Not possible Low

Note: * The table shows the initial state immediately after a reset. Relative channel priorities
can be changed by the interrupt controller.

The TEI interrupt is requested when the TEND flag is set to 1 whilethe TEIE bit isset to 1. The
TEND flagis cleared at the same time as the TDRE flag. Consequently, if a TEI interrupt and a
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TXI interrupt are requested simultaneously, the TXI interrupt will have priority for acceptance,
and the TDRE flag and TEND flag may be cleared. Note that the TEI interrupt will not be
accepted in this case.

15.5 Usage Notes
The following points should be noted when using the SCI.

Relation between Writesto TDR and the TDRE Flag
The TDRE flag in SSR is a status flag that indicates that transmit data has been transferred from
TDR to TSR. When the SCI transfers datafrom TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR regardless of the state of the TDRE flag. However, if new datais
written to TDR when the TDRE flag is cleared to 0, the data stored in TDR will be lost since it has
not yet been transferred to TSR. It istherefore essential to check that the TDRE flag isset to 1
before writing transmit datato TDR.

Operation when Multiple Receive Errors Occur Simultaneously

If a number of receive errors occur at the same time, the state of the status flagsin SSRisas
shown in table 15.14. If there is an overrun error, dataiis not transferred from RSR to RDR, and
the receive datais|ost.

Table 15.14 State of SSR Status Flagsand Transfer of Receive Data

SSR Status Flags Receive Data Transfer

RDRF ORER FER PER RSR to RDR Receive Errors

1 1 0 0 X Overrun error

0 0 1 0 (0] Framing error

0 0 0 1 (0] Parity error

1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error

0 0 1 1 (0] Framing error + parity error

1 1 1 1 X Overrun error + framing error +

parity error

Notes: O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.
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Break Detection and Processing: When aframing error (FER) is detected, a break can be
detected by reading the RxD pin value directly. In a break, the input from the RxD pin becomes all
0s, and so the FER flag is set, and the parity error flag (PER) may also be set.

Note that, since the SCI continues the receive operation after receiving a break, even if the FER
flag iscleared to O, it will be set to 1 again.

Sending a Break: The TxD pin hasadual function as an I/O port whose direction (input or
output) is determined by DR and DDR. This feature can be used to send a break.

Between serial transmission initialization and setting of the TE bit to 1, the mark state is replaced
by the value of DR (the pin does not function as the TxD pin until the TE bit is set to 1).
Consequently, DDR and DR for the port corresponding to the TxD pin should first be set to 1.

To send a break during serial transmission, first clear DR to O, then clear the TE bit to 0.

When the TE hit is cleared to 0, the transmitter isinitialized regardless of the current transmission
state, the TXD pin becomes an 1/0 port, and 0 is output from the TxD pin.

Receive Error Flags and Transmit Operations (Synchronous Mode Only):

Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to O. Be sure to clear the receive error flags to 0 before starting
transmission.

Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared to 0.

Receive Data Sampling Timing and Reception Margin in Asynchronous Mode:
In asynchronous mode, the SCI operates on a base clock with afrequency of 16 times the transfer
rate.

In reception, the SCI samples the falling edge of the start bit using the base clock, and performs
internal synchronization. Receive dataiislatched internally at the rising edge of the 8th pulse of the
base clock. Thisisillustrated in figure 15.23.
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- eooks
8 clocks
70—# 15/ 0 7 15 0
clock & i o
Receive data _rl‘ ' Start bit v | DO |D1
(RxD) e H w

Synchronization |
sampling timing !

Data sampling H H
timing H H

Figure 15.23 Receive Data Sampling Timing in Asynchronous M ode

Thus the receive margin in asynchronous mode is given by equation (1) below.

M= ‘(0.5 - L) —(L-0.5)F -

(L+F)| x100% e (@8]
2N

D -0.5]
N

Where M: Receive margin (%)

N: Ratio of bit rate to clock (N = 16)

D: Clock duty (D =0to 1.0)

L: Framelength (L =9to 12)

F: Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5 in equation (1), areceive margin of 46.875% is given by
equation (2) below.

WhenD =0.5and F=0,

M = (0.5 - ) x 100%

1
2x16
=46.875% )

However, thisisonly atheoretical value, and a margin of 20% to 30% should be allowed in
system design.
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Restrictionson Useof DTC

* When an external clock source is used asthe serial clock, the transmit clock should not be
input until at least 5 @ clock cycles after TDR is updated by the DTC. Misoperation may occur
if the transmit clock isinput within 4 clock cycles after TDR is updated. (Figure 15.24)

* When RDRisread by the DTC, be sure to set the activation source to the relevant SCI receive-
data-full interrupt (RXI).

SCK 3

' LSB

Serial data X po X b1 X b2 X 03 X pa X b5 X b6 X o7 ><:

Note: When operating on an external clock, set t > 4 states.

Figure 15.24 Example of Synchronous Transmission by DTC
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Section 16 1°C Bus Interface [H85/2138 Group Option]

A two-channel I°C bus interface is available as an option in the H85/2138 Group. The I°C bus
interface is not available for the H8S/2134 Group. Observe the following notes when using this
option.

1. For mask-ROM versions, aW is added to the part number in products in which this optional
function is used.

Examples: HD6432137SW

2. The product number isidentical for F-ZTAT versions. However, be sure to inform your
Renesas sales representative if you will be using this option.

16.1 Overview

A two-channel I°C bus interface is available for the H8S/2138 Group as an option. The I°C bus
interface conforms to and provides a subset of the Philips 1°C bus (inter-1C bus) interface
functions. The register configuration that controls the I°C bus differs partly from the Philips
configuration, however.

Each I°C businterface channel uses only one data line (SDA) and one clock line (SCL) to transfer
data, saving board and connector space.

16.1.1 Features

e Sdlection of addressing format or non-addressing format
O 1°C bus format: addressing format with acknowledge bit, for master/save operation
O Serial format: non-addressing format without acknowledge bit, for master operation only
+ Conformsto Philips I°C businterface (1°C bus format)
« Two ways of setting slave address (1°C bus format)
« Start and stop conditions generated automatically in master mode (1°C bus format)
+ Selection of acknowledge output levels when receiving (1°C bus format)
« Automatic loading of acknowledge bit when transmitting (1°C bus format)
« Wait function in master mode (1°C bus format)

A wait can be inserted by driving the SCL pin low after data transfer, excluding
acknowledgement. The wait can be cleared by clearing the interrupt flag.
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« Wait function in slave mode (1°C bus format)

A wait request can be generated by driving the SCL pin low after data transfer, excluding
acknowledgement. The wait request is cleared when the next transfer becomes possible.

e Threeinterrupt sources

0 Datatransfer end (including transmission mode transition with 1°C bus format and address
reception after loss of master arbitration)

0 Address match: when any dave address matches or the general call addressisreceived in
save receive mode (1°C bus format)

0 Stop condition detection
» Sdlection of 16 internal clocks (in master mode)
e Direct busdrive (with SCL and SDA pins)

0 Two pins—P52/SCL0 and P97/SDAO0—(normally NMOS push-pull outputs) function as
NMOS open-drain outputs when the bus drive function is selected.

O Two pins—P86/SCL 1 and P42/SDA1—(normally CMOS pins) function as NMOS-only
outputs when the bus drive function is selected.

+ Automatic switching from formatless mode to 1°C bus format (channel 0 only)
O Formatless operation (no start/stop conditions, non-addressing mode) in slave mode
O Operation using acommon data pin (SDA) and independent clock pins (VSYNCI, SCL)
0 Automatic switching from formatless mode to I°C bus format on the fall of the SCL pin

16.1.2 Block Diagram
Figure 16.1 shows a block diagram of the 1°C bus interface.

Figure 16.2 shows an example of 1/0 pin connections to external circuits. Channel 0 1/0 pins and
channel 1 1/0 pins differ in structure, and have different specifications for permissible applied
voltages. For details, see section 25, Electrical Characterigtics.
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Formatless dedicated
clock (channel 0 only)

¢

g
#

ICCR
SCL ’ Clock
L control
Noise -
canceler _ ICMR _ -
+»| Bus state
decision
oISIt "
circuit ICSR - 3
Lw| Arbitration %
_ | decision °
circuit ICDRT e E
@
SDA o= o T :
circuit ICDRS
ICDRR -
Noise
canceler
| Address » -
comparator _ |
SAR, SARX = -
= Interrupt _Interrupt
Legend: generator request

ICCR: 12C bus control register
ICMR: 12C bus mode register
ICSR: I2C bus status register
ICDR: I2C bus data register
SAR: Slave address register
SARX: Slave address register X
PS: Prescaler

Figure 16.1 Block Diagram of I°C Bus Interface
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Vee
VCC
SCL SCL
SCLiy, —<
SCL out 4'
SDA SDA
SDAj, {}
SDA out — < 1 |<
? @ ? @
(Master) SCL i, SCLy
H8S/2138 Group chip SCL ooy — SCL oot —
SDA SDA |,
SDA out 4' SDA out 4'
(Slave 1) (Slave 2)

Figure 16.2 1°C BusInterface Connections (Example: H8S/2138 Group Chip as Master)

16.1.3  Input/Output Pins
Table 16.1 summarizes the input/output pins used by the I°C businterface.

Table16.1 1°C BusInterface Pins

Channel Name Abbreviation® I/0 Function

0 Serial clock SCLO /0 I1CO serial clock input/output
Serial data SDAO 110 1ICO serial data input/output
Formatless serial  VSYNCI Input IICO formatless
clock serial clock input

1 Serial clock SCL1 110 IIC1 serial clock input/output
Serial data SDA1 110 IIC1 serial data input/output

Note: * In the text, the channel subscript is omitted, and only SCL and SDA are used.
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16.1.4 Register Configuration
Table 16.2 summarizes the registers of the 1°C bus interface.

Table 16.2 Register Configuration

Channel Name Abbreviation R/W Initial Value  Address™*

0 I°C bus control register ICCRO R/W H'01 H'FFD8
I°C bus status register ICSRO R/W H'00 H'FFD9
I°C bus data register ICDRO R/W — H'FFDE™*
I°C bus mode register ICMRO R/W H'00 H'FFDF*?
Slave address register SARO R/W H'00 H'FFDF*?
Second slave address SARXO0 R/W H'01 H'FFDE™
register

1 I°C bus control register ICCR1 R/W H'01 H'FF88
I°C bus status register ICSR1 R/W H'00 H'FF89
I°C bus data register ICDR1 R/W — H'FFSE*?
I°C bus mode register ICMR1 R/W H'00 H'FF8F*?
Slave address register SAR1 R/W H'00 H'FF8F**
Second slave address SARX1 R/W H'01 H'FF8E*?
register

Common  Serial timer control STCR R/W H'00 H'FFC3
register
DDC switch register DDCSWR R/W H'OF H'FEE6
Module stop control MSTPCRH R/W H'3F H'FF86
register MSTPCRL RIW H'FF H'FF87

Notes: 1. Lower 16 bits of the address.

2. The register that can be written or read depends on the ICE bit in the I°C bus control
register. The slave address register can be accessed when ICE = 0, and the I°C bus
mode register can be accessed when ICE = 1.

The I°C bus interface registers are assigned to the same addresses as other registers.
Register selection is performed by means of the IICE bit in the serial timer control
register (STCR).
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16.2 Register Descriptions

16.2.1 I°C BusData Register (ICDR)

Bit 7 6 5 4 3 2 1 0
‘ ICDR7 ‘ ICDR6 ‘ ICDR5 ‘ ICDR4 ‘ ICDR3 ‘ ICDR2 ‘ ICDR1 ‘ ICDRO ‘
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
e ICDRR
Bit 7 6 5 4 3 2 1 0
‘ ICDRR7 ‘ ICDRRG‘ ICDRRS‘ ICDRR4‘ ICDRR3 ‘ ICDRR2 ‘ ICDRR1 ‘ ICDRRO ‘
Initial value — — — — — — — —
Read/Write R R R R R R R R
e |CDRS
Bit 7 6 5 4 3 2 1 0
‘ ICDRS7 ‘ ICDRSG‘ ICDRRS‘ ICDRS4‘ ICDRS3 ‘ ICDRS2 ‘ ICDRS1 ‘ ICDRSO ‘
Initial value — — — — — — — —
Read/Write — — — — — — — —
e ICDRT
Bit 7 6 5 4 3 2 1 0
‘ ICDRT7 ‘ ICDRTG‘ ICDRTS‘ ICDRT4‘ ICDRT3 ‘ ICDRT2 ‘ ICDRT1 ‘ ICDRTO ‘
Initial value — — — — — — — —
Read/Write W W W W W W W W

TDRE, RDRF (internal flags)

Bit — —

| TDRE | RDRF ‘
Initial value 0 0
Read/Write — —
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ICDR is an 8-hit readable/writable register that is used as a transmit data register when
transmitting and a receive data register when receiving. ICDR is divided internally into a shift
register (ICDRS), receive buffer (ICDRR), and transmit buffer (ICDRT). ICDRS cannot be read or
written by the CPU, ICDRR isread-only, and ICDRT iswrite-only. Data transfers among the
three registers are performed automatically in coordination with changes in the bus state, and
affect the status of internal flags such as TDRE and RDRF.

If 1ICisin transmit mode and the next dataisin ICDRT (the TDRE flag is 0) following
transmission/reception of one frame of data using ICDRS, data is transferred automatically from
ICDRT to ICDRS. If IICisin receive mode and no previous dataremainsin ICDRR (the RDRF
flag is Q) following transmission/reception of one frame of data using ICDRS, datais transferred
automatically from ICDRSto ICDRR.

If the number of bitsin aframe, excluding the acknowledge bit, isless than 8, transmit data and
receive data are stored differently. Transmit data should be written justified toward the MSB side
when MLS = 0, and toward the LSB side when MLS = 1. Receive data bits read from the L SB
side should be treated as valid when ML S = 0, and bits read from the MSB side when MLS = 1.

ICDR is assigned to the same address as SARX, and can be written and read only when the ICE
bitissetto 1in ICCR.

The value of ICDR is undefined after areset.

The TDRE and RDRF flags are set and cleared under the conditions shown below. Setting the
TDRE and RDRF flags affects the status of the interrupt flags.
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TDRE Description

0 The next transmit data is in ICDR (ICDRT), or transmission cannot (Initial value)
be started

[Clearing conditions]
¢ When transmit data is written in ICDR (ICDRT) in transmit mode (TRS =1)

* When a stop condition is detected in the bus line state after a stop condition is
issued with the I°C bus format or serial format selected

«  When a stop condition is detected with the I°C bus format selected
¢ Inreceive mode (TRS =0)

(A 0 write to TRS during transfer is valid after reception of a frame containing an
acknowledge bit)

1 The next transmit data can be written in ICDR (ICDRT)
[Setting conditions]
¢ Intransmit mode (TRS = 1), when a start condition is detected in the bus line state
after a start condition is issued in master mode with the I°C bus format or serial
format selected
* Atthe first transmit mode setting (TRS = 1) (first transmit mode setting only) after
the mode is switched from I°C bus mode to formatless mode.
¢ When data is transferred from ICDRT to ICDRS
(Data transfer from ICDRT to ICDRS when TRS = 1 and TDRE =0, and ICDRS is
empty)
« When detecting a start condition and then switching from slave receive mode (TRS
= 0) state to transmit mode (TRS = 1) (first transmit mode switching only).
RDRF Description
0 The data in ICDR (ICDRR) is invalid (Initial value)
[Clearing condition]
When ICDR (ICDRR) receive data is read in receive mode
1 The ICDR (ICDRR) receive data can be read

[Setting condition]
When data is transferred from ICDRS to ICDRR

(Data transfer from ICDRS to ICDRR in case of normal termination with TRS = 0 and
RDRF = 0)
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16.2.2 Slave AddressRegister (SAR)

Bit 7 6 5 4 3 2 1 0

‘ SVA6 ‘ SVA5 ‘ SVA4 ‘ SVA3 ‘ SVA2 ‘ SVA1l ‘ SVAO ‘ FS ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SAR isan 8-bit readable/writable register that stores the slave address and selects the
communication format. When the chip isin slave mode (and the addressing format is selected), if
the upper 7 bits of SAR match the upper 7 bits of the first frame received after a start condition,
the chip operates as the dave device specified by the master device. SAR is assigned to the same
address as ICMR, and can be written and read only when the ICE hit is cleared to 0 in ICCR.

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

Bits 7 to 1—Slave Address (SVA6 to SVAOQ): Set aunique address in bits SVA6 to SVAO,
differing from the addresses of other slave devices connected to the I°C bus.

Bit 0—Format Select (FS): Used together with the FSX bit in SARX and the SW bit in
DDCSWR to select the communication format.

* 1°C busformat: addressing format with acknowledge bit
e Synchronous serial format: non-addressing format without acknowledge bit, for master mode
only

» Formatless mode (channel 0 only): non-addressing format with or without acknowledge hit,
slave mode only, start/stop conditions not detected

The FS hit also specifies whether or not SAR slave address recognition is performed in slave
mode.
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DDCSWR SAR SARX
Bit 6 Bit 0 Bit 0
SW FS FSX Operating Mode
0 0 0 I’C bus format
* SAR and SARX slave addresses recognized
1 I’C bus format (Initial value)
* SAR slave address recognized
e SARX slave address ignored
1 0 I’C bus format
* SAR slave address ignored
* SARX slave address recognized
1 Synchronous serial format
* SAR and SARX slave addresses ignored
1 0 0 Formatless mode (start/stop conditions not detected)
0 1 * Acknowledge bit used
1 0
1 1 Formatless mode™ (start/stop conditions not detected)

« No acknowledge bit

Note: * Do not set this mode when automatic switching to the 1°C bus format is performed by
means of the DDCSWR setting.

16.2.3 Second Slave Address Register (SARX)

Bit 7 6 5 4 3 2 1 0

‘ SVAX6 ‘ SVAX5 ‘ SVAX4 ‘ SVAX3 ‘ SVAX2 ‘ SVAX1 ‘ SVAXO0 ‘ FSX ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SARX isan 8-hit readable/writable register that stores the second slave address and selects the
communication format. When the chip isin slave mode (and the addressing format is selected), if
the upper 7 bits of SARX match the upper 7 bits of the first frame received after a start condition,
the chip operates as the dlave device specified by the master device. SARX is assigned to the same
address as ICDR, and can be written and read only when the ICE bitis cleared to 0 in ICCR.

SARX isinitialized to H'01 by areset and in hardware standby mode.
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Bits 7 to 1—Second Slave Address (SVAX6 to SVAXO0): Set aunique addressin bits SYAX6 to
SVAXO, differing from the addresses of other slave devices connected to the I°C bus.

Bit 0—Format Select X (FSX): Used together with the FS bit in SAR and the SW bit in
DDCSWR to select the communication format.

* 1°C bus format: addressing format with acknowledge bit
»  Synchronous serial format: non-addressing format without acknowledge bit, for master mode
only

» Formatless mode: non-addressing format with or without acknowledge bit, slave mode only,
start/stop conditions not detected

The FSX bit also specifies whether or not SARX slave address recognition is performed in slave
mode. For details, see the description of the FS bit in SAR.

16.24 I°C BusMode Register (ICMR)

Bit 7 6 5 4 3 2 1 0

‘ MLS ‘ WAIT ‘ CKS2 ‘ CKs1 ‘ CKSO0 ‘ BC2 ‘ BC1 ‘ BCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ICMR is an 8-hit readable/writable register that selects whether the MSB or LSB is transferred
first, performs master mode wait control, and selects the master mode transfer clock frequency and
the transfer bit count. ICMR is assigned to the same address as SAR. ICMR can be written and
read only when the ICE bitissetto 1 in ICCR.

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

Bit 7—M SB-First/L SB-First Select (MLS): Selects whether datais transferred M SB-first or
LSB-first.

If the number of bitsin aframe, excluding the acknowledge bit, isless than 8, transmit data and
receive data are stored differently. Transmit data should be written justified toward the MSB side
when MLS = 0, and toward the LSB side when ML S = 1. Receive data bits read from the LSB
side should be treated as valid when ML S = 0, and bits read from the MSB side when MLS = 1.

Do not set this bit to 1 when the I°C bus format is used.
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Bit 7

MLS Description

0 MSB-first (Initial value)
1 LSB-first

Bit 6—Wait Insertion Bit (WAIT): Selects whether to insert await between the transfer of data
and the acknowledge bit, in master mode with the I°C bus format. When WAIT is set to 1, after the
fall of the clock for the final data bit, the IRIC flag isset to 1 in ICCR, and await state begins
(with SCL at the low level). When the IRIC flag is cleared to 0 in ICCR, the wait ends and the
acknowledge bit istransferred. If WAIT is cleared to O, data and acknowledge bits are transferred
consecutively with no wait inserted.

TheIRIC flag in ICCR is set to 1 on completion of the acknowledge bit transfer, regardless of the
WAIT setting.

The setting of this bit isinvalid in slave mode.

Bit 6

WAIT Description

0 Data and acknowledge bits transferred consecutively (Initial value)
1 Wait inserted between data and acknowledge bits

Bits5to 3—Serial Clock Select (CK S2 to CK S0): These bits, together with the [1CX 1 (channel
1) or 1CXO0 (channel 0) hit in the STCR register, select the serial clock frequency in master mode.
They should be set according to the required transfer rate.
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STCR
Bit5o0r 6 Bit5 Bit4 Bit3 Transfer Rate
0= Q= 0= Q= 0=

lCX CKS2 CKS1 CKSO Clock 5 MHz 8 MHz 10 MHz 16 MHz 20 MHz
0 0 0 0 @28  179kHz 286kHz 357kHz 571kHz" 714 kHZ"
1 @40  125kHz 200kHz 250kHz 400kHz 500 kHz"
1 0 @48  104kHz 167kHz 208kHz 333kHz 417 kHZ"

1 @64  781kHz 125kHz 156kHz 250kHz 313 kHz

1 0 0 @80  625kHz 100kHz 125kHz 200kHz 250 kHz

1 @100 50.0kHz 80.0kHz 100kHz 160kHz 200 kHz

1 0 @112 446kHz 71.4kHz 89.3kHz 143kHz 179 kHz

1 @128 39.1kHz 625kHz 78.1kHz 125kHz 156 kHz

1 0 0 0 @56  89.3kHz 143kHz 179kHz 286kHz 357 kHz
1 @80 62.5kHz 100kHz 125kHz 200kHz  250kHz

1 0 @96  52.1kHz 83.3kHz 104kHz 167kHz 208 kHz

1 @128 39.1kHz 625kHz 78.1kHz 125kHz 156 kHz

1 0 0 @160 31.3kHz 50.0kHz 625kHz 100kHz 125 kHz

1 @200 25.0kHz 40.0kHz 50.0kHz 80.0kHz 100 kHz
1 0 @224 223kHz 357kHz 446kHz 71.4kHz 89.3kHz

1 @256 195kHz 31.3kHz 39.1kHz 625kHz 78.1kHz

Note: * Outside the I°C bus interface specification range (normal mode: max. 100 kHz; high-
speed mode: max. 400 kHz).

Bits 2 to 0—Bit Counter (BC2to BCO): Bits BC2 to BCO specify the number of hitsto be
transferred next. With the 1°C bus format (when the FS bit in SAR or the FSX bit in SARX is0),
the datais transferred with one addition acknowledge bit. Bit BC2 to BCO settings should be made
during an interval between transfer frames. If bits BC2 to BCO are set to a value other than 000,
the setting should be made while the SCL lineislow.

The bit counter isinitialized to 000 by areset and when a start condition is detected. The value
returns to 000 at the end of a data transfer, including the acknowledge bit.
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Bit 2 Bit 1 Bit 0 Bits/Frame
BC2 BC1 BCO Synchronous Serial Format I°’C Bus Format
0 0 0 8 9 (Initial value)
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8
16.25 I°C BusControl Register (ICCR)
Bit 7 6 5 4 3 2 1 0
‘ ICE ‘ IEIC ‘ MST ‘ TRS ‘ ACKE ‘ BBSY ‘ IRIC ‘ SCP ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/(W)* w

Note: * Only O can be written, to clear the flag.

ICCR is an 8-bit readable/writable register that enables or disables the I°C bus interface, enables or
disables interrupts, selects master or slave mode and transmission or reception, enables or disables
acknowledgement, confirms the I°C bus interface bus status, issues start/stop conditions, and
performs interrupt flag confirmation.

ICCRisinitialized to H'01 by areset and in hardware standby mode.

Bit 7—I°C BusInterface Enable (ICE): Selects whether or not the I°C bus interfaceisto be
used. When ICE is set to 1, port pins function as SCL and SDA input/output pins and transfer
operations are enabled. When ICE is cleared to 0, the I°C businterface module is disabled and the
internal stateis cleared.

The SAR and SARX registers can be accessed when ICE is0. The ICMR and ICDR registers can
be accessed when ICE is 1.
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Bit 7
ICE Description
0 I°C bus interface module disabled, with SCL and SDA signal pins set to port function

(Initial value)
Internal state initialization of I°C bus interface module
SAR and SARX can be accessed

1 I°C bus interface module enabled for transfer operations (pins SCL and SCA are
driving the bus)

ICMR and ICDR can be accessed

Bit 6—I1°C Bus Interface Interrupt Enable (IEIC): Enables or disables interrupts from the I°C
bus interface to the CPU.

Bit 6

IEIC Description

0 Interrupts disabled (Initial value)
1 Interrupts enabled

Bit 5—Master/Slave Select (MST)

Bit 4—Transmit/Receive Select (TRS)

MST selects whether the I°C bus interface operates in master mode or slave mode.
TRS selects whether the 1°C bus interface operatesin transmit mode or receive mode.

In master mode with the I°C bus format, when arbitration is lost, MST and TRS are both reset by
hardware, causing atransition to slave receive mode. In slave receive mode with the addressing
format (FS = 0 or FSX = 0), hardware automatically selects transmit or receive mode according to
the R/W bit in the first frame after a start condition.

Modification of the TRS bit during transfer is deferred until transfer of the frame containing the
acknowledge bit is completed, and the changeover is made after completion of the transfer.

MST and TRS select the operating mode as follows.
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Bit 5 Bit 4

MST TRS Operating Mode

0 0 Slave receive mode (Initial value)
1 Slave transmit mode

1 0 Master receive mode
1 Master transmit mode

Bit 5

MST Description

0 Slave mode (Initial value)

[Clearing conditions]
1. When 0 is written by software

2. When bus arbitration is lost after transmission is started in I°C bus format master
mode

1 Master mode
[Setting conditions]
1. When 1 is written by software (in cases other than clearing condition 2)
2. When 1 is written in MST after reading MST = 0 (in case of clearing condition 2)
Bit 4
TRS Description
0 Receive mode (Initial value)
[Clearing conditions]
1. When 0 is written by software (in cases other than setting condition 3)
2. When 0 is written in TRS after reading TRS =1 (in case of clearing condition 3)
3. When bus arbitration is lost after transmission is started in I°C bus format master
mode
4. When the SW bit in DDCSWR changes from 1 to 0
1 Transmit mode

[Setting conditions]
1. When 1 is written by software (in cases other than clearing conditions 3 and 4)

2. When 1 is written in TRS after reading TRS = 0 (in case of clearing conditions 3
and 4)

3. When a 1 is received as the R/W bit of the first frame in I°C bus format slave mode
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Bit 3—Acknowledge Bit Judgement Selection (ACKE): Specifies whether the value of the
acknowledge bit returned from the receiving device when using the I°C bus format is to be ignored
and continuous transfer is performed, or transfer isto be aborted and error handling, etc.,
performed if the acknowledge bit is 1. When the ACKE bit is O, the value of the received
acknowledge bit is not indicated by the ACKB bit, which is always 0.

In the H8S/2138 Group, the DTC can be used to perform continuous transfer. The DTC is
activated when the IRTR interrupt flag is set to 1 (IRTR is one of two interrupt flags, the other
being IRIC). When the ACKE bit is 0, the TDRE, IRIC, and IRTR flags are set on completion of
data transmission, regardless of the value of the acknowledge bit. When the ACKE bit is 1, the
TDRE, IRIC, and IRTR flags are set on completion of data transmission when the acknowledge
bit is0, and the IRIC flag alone is set on completion of data transmission when the acknowledge
bitis 1.

When the DTC is activated, the TDRE, IRIC, and IRTR flags are cleared to 0 after the specified
number of data transfers have been executed. Consequently, interrupts are not generated during
continuous data transfer, but if data transmission is completed with a 1 acknowledge bit when the
ACKE bhitissetto 1, the DTC is not activated and an interrupt is generated, if enabled.

Depending on the receiving device, the acknowledge bit may be significant, in indicating
completion of processing of the received data, for instance, or may be fixed at 1 and have no
significance.

Bit 3

ACKE Description

0 The value of the acknowledge bit is ignored, and continuous transfer is performed
(Initial value)

1 If the acknowledge bit is 1, continuous transfer is interrupted
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Bit 2—Bus Busy (BBSY): The BBSY flag can be read to check whether the 1°C bus (SCL, SDA)
isbusy or free. In master mode, this bit is also used to issue start and stop conditions.

A high-to-low transition of SDA while SCL is high is recognized as a start condition, setting
BBSY to 1. A low-to-high transition of SDA while SCL is high is recognized as a stop condition,
clearing BBSY to 0.

Toissue astart condition, useaMOV instruction to write 1 in BBSY and 0 in SCP. A retransmit
start condition isissued in the same way. To issue a stop condition, use aMOV instruction to
write 0in BBSY and 0in SCP. It is not possible to write to BBSY in slave mode; the I°C bus
interface must be set to master transmit mode before issuing a start condition. MST and TRS
should both be set to 1 before writing 1 in BBSY and 0 in SCP.

Bit 2

BBSY Description

0 Bus is free (Initial value)
[Clearing condition]
When a stop condition is detected

1 Bus is busy

[Setting condition]
When a start condition is detected

Bit 1—I°C Bus I nterface Interrupt Request Flag (IRIC): Indicates that the I°C bus interface has
issued an interrupt request to the CPU. IRIC is set to 1 at the end of a data transfer, when aslave
address or general call addressis detected in slave receive mode, when bus arbitrationislost in
master transmit mode, and when a stop condition is detected. IRIC is set at different times
depending on the FS bit in SAR and the WAIT bit in ICMR. See section 16.3.6, IRIC Setting
Timing and SCL Control. The conditions under which IRIC is set also differ depending on the
setting of the ACKE bitin ICCR.

IRIC is cleared by reading IRIC after it has been set to 1, then writing Oin IRIC.

When the DTC isused, IRIC is cleared automatically and transfer can be performed continuously
without CPU intervention.
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Bit 1
IRIC Description
0 Waiting for transfer, or transfer in progress (Initial value)
[Clearing conditions]
1. When 0 is written in IRIC after reading IRIC =1
2. When ICDR is written or read by the DTC
(When the TDRE or RDRF flag is cleared to 0)
(This is not always a clearing condition; see the description of DTC operation for details)
1 Interrupt requested

[Setting conditions]

« I’C bus format master mode

1.

When a start condition is detected in the bus line state after a start condition is issued
(when the TDRE flag is set to 1 because of first frame transmission)

2. When a wait is inserted between the data and acknowledge bit when WAIT =1

3. Atthe end of data transfer

(when a wait is not inserted (WAIT=0), at the rise of the 9th transmit/receive clock pulse, or
when a wait is inserted (WAIT=1), at the fall of the 8th transmit/receive clock pulse)

When a slave address is received after bus arbitration is lost
(when the AL flag is set to 1)

When 1 is received as the acknowledge bit when the ACKE bit is 1
(when the ACKB bit is set to 1)

« I’C bus format slave mode

1.

2.

3.

4.

When the slave address (SVA, SVAX) matches

(when the AAS and AASX flags are setto 1)

and at the end of data transfer up to the subsequent retransmission start condition or stop
condition detection

(when the TDRE or RDRF flag is set to 1)

When the general call address is detected

(when FS = 0 and the ADZ flag is set to 1)

and at the end of data transfer up to the subsequent retransmission start condition or stop
condition detection

(when the TDRE or RDRF flag is set to 1)

When 1 is received as the acknowledge bit when the ACKE bit is 1
(when the ACKB bit is set to 1)

When a stop condition is detected
(when the STOP or ESTP flag is set to 1)

* Synchronous serial format, and formatless mode

1.

2.
3.

At the end of data transfer
(when the TDRE or RDRF flag is set to 1)

When a start condition is detected with serial format selected
When the SW bit is set to 1 in DDCSWR

Except for above, when the condition to set the TDRE or RDRF internal flag to 1 is generated.
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When, with the I°C bus format selected, IRIC is set to 1 and an interrupt is generated, other flags
must be checked in order to identify the source that set IRIC to 1. Although each source has a
corresponding flag, caution is needed at the end of atransfer.

When the TDRE or RDRF internal flag is set, the readable IRTR flag may or may not be set. The
IRTR flag (the DTC start request flag) is not set at the end of a data transfer up to detection of a
retransmission start condition or stop condition after a dlave address (SVA) or general call address
match in 1°C bus format slave mode.

Even when the IRIC flag and IRTR flag are set, the TDRE or RDRF internal flag may not be set.
The IRIC and IRTR flags are not cleared at the end of the specified number of transfersin
continuous transfer using the DTC. The TDRE or RDRF flag is cleared, however, since the
specified number of ICDR reads or writes have been completed.

Table 16.3 shows the relationship between the flags and the transfer states.

Table16.3 Flagsand Transfer States

MST TRS BBSY ESTP STOP IRTR AASX AL AAS ADZ ACKB State

/0 10 O 0 0 0 0 0 0 0 0 Idle state (flag clearing
required)

1 1 0 0 0 0 0 0 0 0 0 Start condition issuance

1 1 1 0 0 1 0 0 0 0 0 Start condition
established

1 /0 1 0 0 0 0 0 0 0 0/1 Master mode wait

1 1/0 1 0 0 1 0 0 0 0 0/1 Master mode
transmit/receive end

0 0 1 0 0 0 1/0 1 1/0 1/0 0 Arbitration lost

1 0 0 0 0 0 1 0 0 SAR match by first frame

in slave mode

0 0 1 0 0 0 0 0 1 1 0 General call address
match

0 1 0 0 0 1 0 0 0 0 SARX match
0 1/0 1 0 0 0 0 0 0 0 0/1 Slave mode

transmit/receive end
(except after SARX

match)
/0 1 0 0 1 1 0 0 0 0 Slave mode
1 1 0 0 0 1 0 0 0 1 transmit/receive end
(after SARX match)
0 /0 O 1/0 1/0 0 0 0 0 0 0/1 Stop condition detected
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Bit 0—Start Condition/Stop Condition Prohibit (SCP): Controlstheissuing of start and stop
conditions in master mode. To issue a start condition, write 1 in BBSY and 0 in SCP. A retransmit
start condition isissued in the same way. To issue a stop condition, write 0 in BBSY and 0 in SCP.
Thishitisawaysread as 1. If 1 iswritten, the datais not stored.

Bit 0

SCP Description

0 Writing 0 issues a start or stop condition, in combination with the BBSY flag

1 Reading always returns a value of 1 (Initial value)

Writing is ignored

16.2.6  I°C Bus Status Register (ICSR)

Bit 7 6 5 4 3 2 1 0
‘ ESTP ‘ STOP ‘ IRTR ‘ AASX ‘ AL ‘ AAS ‘ ADZ ‘ ACKB ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* RIW)* RIW)* RIW)* RIW)* RIAW)* RIAW)* RW

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

ICSR is an 8-hit readable/writable register that performs flag confirmation and acknowledge
confirmation and control.

ICSRisinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Error Stop Condition Detection Flag (ESTP): Indicates that a stop condition has been
detected during frame transfer in I°C bus format slave mode.

Bit 7

ESTP Description

0 No error stop condition (Initial value)
[Clearing conditions]
1. When 0 is written in ESTP after reading ESTP =1
2. When the IRIC flag is cleared to 0

1 + In I’C bus format slave mode

Error stop condition detected

[Setting condition]

When a stop condition is detected during frame transfer
¢ In other modes

No meaning

Bit 6—Normal Stop Condition Detection Flag (STOP): Indicates that a stop condition has been
detected after completion of frame transfer in 1°C bus format slave mode.

Bit 6
STOP Description
0 No normal stop condition (Initial value)

[Clearing conditions]
1. When 0 is written in STOP after reading STOP =1
2. When the IRIC flag is cleared to 0

1 « In I°C bus format slave mode
Normal stop condition detected
[Setting condition]
When a stop condition is detected after completion of frame transfer
¢ In other modes
No meaning

Rev. 4.00 Jun 06, 2006 page 476 of 1004
REJ09B0301-0400

RENESAS



Section 16 I°C Bus Interface [H8S/2138 Group Option]

Bit 5—I1°C Bus I nterface Continuous Transmission/Reception Interrupt Request Flag
(IRTR): Indicates that the I°C bus interface has issued an interrupt request to the CPU, and the
source is completion of reception/transmission of one frame in continuous transmission/reception
for which DTC activation is possible. When the IRTR flag isset to 1, the IRIC flag isalso set to 1
at the sametime.

IRTR flag setting is performed when the TDRE or RDRF flagis set to 1. IRTR is cleared by
reading IRTR after it has been set to 1, then writing 0 in IRTR. IRTR isaso cleared automatically
when the IRIC flag iscleared to O.

Bit 5

IRTR Description

0 Waiting for transfer, or transfer in progress (Initial value)
[Clearing conditions]
1. When 0 is written in IRTR after reading IRTR = 1
2. When the IRIC flag is cleared to 0

1 Continuous transfer state

[Setting conditions]
« In I’C bus interface slave mode

When the TDRE or RDRF flag is set to 1 when AASX =1
¢ In other modes

When the TDRE or