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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The revision list can be viewed directly by
clicking the title page.

The revision list summarizes the locations of
revisions and additions. Details should always
be checked by referring to the relevant text.

H8S/2110B Group

Hardware Manual

Renesas 16-Bit Single-Chip
Microcomputer
H8S Family/H8S/2100 Series

H8S/2110B HD64F2110BV

Renesas Electronics Rev.2.00 2006.03


Unknown
The revision list can be viewed directly by clicking the title page.

The revision list summarizes the locations of revisions and additions.  Details should always be checked by referring to the relevant text.


Keep safety first in your circuit designs!

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 LSl is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al 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 pR

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
11. Index
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Preface

The H85/2110B is a microcomputer (MCU) made up of the H8S/2000 CPU employing Renesas
Technology original architecture as its core, and the peripheral functions required to configure a
system.

The H8S/2000 CPU has an internal 32-bit configuration, sixteen 16-bit general registers, and a
simple and optimized instruction set for high-speed operation. The H85/2000 CPU can handle a
16-Mbyte linear address space.

ThisLSl is equipped with ROM, RAM, a 14-bit PWM timer (PWMX), a 16-bit free-running timer
(FRT), an 8-hit timer (TMR), awatchdog timer (WDT), a serial communication interface (SCI), a
keyboard buffer controller, a host interface LPC interface (LPC), an 1°C bus interface (11C), and
1/O ports as on-chip peripheral modules, required for system configuration.

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

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

Target Users.  This manual was written for users who will be using the H85/2110B in the design
of application systems. Target users are expected to understand the fundamentals
of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H85/2110B to the target users.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a
detailed description of the instruction set.

Notes on reading this manual:

e Inorder to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

* |norder to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.
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e Inorder to understand the details of aregister when its name is known

Read the index that isthe final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 20,
List of Registers.

Rules: Register name: The following notation is used for cases when the same or a
similar function, e.g. serial communication interface, is
implemented on more than one channel:

XXX_N (XXX istheregister name and N is the channel

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

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

H8S/2110B manuals:

Documenet Title Documenet No.
H8S/2110B Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual REJO9B0139

User's manuals for development tools:

Documenet Title Documenet No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor = REJ10B0058
User's Manual

H8S, H8/300 Series Simulator/Debugger User's Manual ADE-702-282
H8S, H8/300 Series High-performance Embedded Workshop, ADE-702-231
High-performance Debugging Interface Tutorial

High-performance Embedded Workshop User's Manual ADE-702-201
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Main Revisions for This Edition

Item Page Revisions (See Manual for Details)

All O * Nortification of change in company name amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.
* Product naming convention amended
(Before) H8S/2110B Series — (After) H8S/2110B Group

1.2 Block Diagram 2 Figure 1.1 amended

Figure 1.1 Internal P75##? P74#is? p73#is? p7#ls’  p71ae?  p7o#iH
Block Diagram of

H8S/2110B

1.3.1 Pin 3 Figure 1.2 amended

Arrangement (Before) P51/EXRDxD1*' _ (After) PS1/EXRXD1*
Figure 1.2 Pin

Arrangement of

H8S/2110B

2.4.3 Extended 22 R/W in bits 6 to 3 amended

Control Register (Before) R - (After) [

(EXR)

3.2.3 Serial Timer 53 IICS description in bit 7 amended

Control Register (Before) ... SLC and SDA. — (After) ... SCL and SDA.
(STCR)

4.7 Usage Note 62 Figure 4.7 amended

Figure 4.7 Operation (Before) SP setto HFFFEFF - (After) SP set to H'FFEFFF
When SP Value Is Odd

5.3.7 Keyboard Matrix 72 Description amended

Interrupt Mask (Before) If any of KMIMR15 to KMIMRS or WUEMRB? to
Registers (KMIMRA, WUEMRBO is cleared t0 0, ...  (After) If any of KMIMR15 to
KMIMR) Wake-Up KMIMRS or WUEMR? to WUEMRO is cleared to O, ...

Event Interrupt Mask
Register (WUEMRB)

5.5 Interrupt Exception 76 Table 5.3 amended
Handling Vector Table

IBFI1 (IDR1 reception completion)
Table 5.3 Interrupt
Sources, Vector . .
Addresses, and IBFI3 (IDR3 reception completion)

Interrupt Priorities

IBFI2 (IDR2 reception completion)
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Item

Page

Revisions (See Manual for Details)

5.6.2 Interrupt Control 81

Mode 1

Figure 5.6 Flowchart
of Procedure Up to

Figure 5.6 amended
(Before) IFBFI3 — (After) IBFI3

6.1 Bus Control 89 Initial value in bit 2 amended

Register (BCR) (Before) 0 — (After) 1

7.1 Overview 91 Description amended
(Before) Ports 1 to 3 and 6 have an input pull-up MOS control
register (PCR), in addition to DDR/and DR, to control ... —
(After) Ports 1 to 3 and 6 have an input pull-up MOS control
register (PCR), in addition to DDR, to control ...

7.4.4 Pin Functions 100 » P37/SERIRQ, P36/LCLK, P35/LRESET, P34/LFRAME,

P33/LAD3, P32/LAD2, P31/LAD1, P30/LADO

Note * amended
Note: * The combination of bits not described ... m = 3 to 1:
LPC input/output pins (SERIRQ, LCLK, LRESET, LFRAME,
LADS to LADO) ...

7.9.3 PinFunctions 116 « P86/IRQ5/SCK1/SCL1
Table amended
IRQ5 input pin**

8.1 Features 131 Figure 8.1 amended

Figure 8.1 PWM (D/A)

Block Diagram

Internal clock

¢

o2
_: Clock

Select clock

Base cycle compare match A

PWX0
PWX1

Base cycle compare match B

Fine-adjustment pulse addition B Comparator B

Control

logic

'
'

'

'

'

'

'

'

'

'

Fine-adjustment pulse addition A Comparator A| <::
:

=

'

'
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Item Page

Revisions (See Manual for Details)

8.5 Operation 144

Table 8.5 Position of
Pulse to Be Added to
Basic Pulse with 12-Bit
Conversion Accuracy
(CFsS=1)

Table 8.5 amended
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Table 8.6 Position of 145
Pulse to Be Added to

Basic Pulse with 10-Bit
Conversion Accuracy
(CFs=1)

Table 8.6 amended
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Item Page

Revisions (See Manual for Details)

9.3.6 Timer Interrupt 153
Enable Register (TIER)

Initial value in bit 0 amended
(Before) 0 — (After) 1

9.3.7 Timer 154
Control/Status Register
(TCSR)

ICFB description in bit 6 amended
... When BUFEB =1, ICRB indicates that the old ICRB value ...

10.3.5 Timer 188
Control/Status Register
(TCSR)

TCSR_Y
Initial value in bit 4 amended
(Before) 0 — (After) 1

10.3.10 Timer 190
Connection Register S
(TCONRS)

Bit name in bits 6 to 0 amended
(Before) (Blanc) — (After) O

Table 10.3 Registers 191
Accessible by
TMR_X/TMR_Y

Table 10.3 amended
TCNT_X

10.7.3 Input Capture 199
Operation

Figure 10.11 Timing of

Figure 10.11 amended
TCNT_X

Input Capture

Operation

13.3.5 I’CBus 280 MST and TRS description in bits 5 and 4 amended

gg'g;o)l Register .... In slave receive mode with I°C bus format, the R/W bit in the

first frame immediately after the start condition ...

283, 284

R/W in bit 1 amended
R/(W)*

Table 13.5 Flags and 286
Transfer States Slave
Mode)

Table 13.5 amended

MST TRS BBSY ESTP STOP IRTR AASX AL AAS ADZ ACKB ICDRF ICDRE State

[ 1 1 0 0 — — 01 01 [ 0 — 0 ICDR write with the
above state

[ 1 1 0 0 — — — — [ 0 — 1 Transmission nd e
with ICDRE = 1

0 1 1 0 0 — — 0 0 0 0 - 0 ICDR write with the
above state

0 1 1 0 0 110" — 0 0 0 0 — 11 Automatic data

transfer from ICDRT
to ICDRS with the
above state

13.4.4 Master 306
Receive Operation

Figure 13.11 Example
of Operation Timing
master Receive Mode
(MLS = WAIT =0,
HNDS = 1)

Figure 13.11 amended
[2] ICDR read (Dummy read)
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Item Page Revisions (See Manual for Details)

13.4.4 Master 308 Figure 13.14 amended
Receive Operaton ~  ==oooqmooooooooes e T
. I Read ICDR I :I [2] Start receiving. The first read
Figure 13.14 Sample —>| is a dummy read.
FIOWCh_art fOI' I Read IRIC flag in ICCR I [3] Wait for a receive wait
Operations in Master (Set IRIC at the fall of the 8th clock)
Receive Mode No @
(Receiving a Single
Byte) (WAIT = 1) Yes
I Set ACKB =1in ICSR I [7] Set acknowledge data for
310 Description amended

15. Clear the WAIT bit in ICMR to cancel the wait mode. ...

13.4.5 Slave Receive 313 Description amended
Operation

3. ... The master device ... and transmit/receive direction (R/W),
in synchronization with the transmit clock pulses.

317 Description amended

3. ... The master device ... and transmit/receive direction (R/W),
in synchronization with the transmit clock pulses.

8. Confirm that the STOP bit is cleared to 0 and clear the IRIC

flag to 0.

13.4.6 Slave Transmit 320 Description amended

Operation 2. ... If the 8th data bit (R/W) is 1, the TRS bit in ICCR is set to
1, ...

13.6 Usage Notes 332 8. Notes on start condition issuance for retransmission

Note amended

Note: This restriction on usage can be canceled by setting the
FNC1 and FNCO bits to 11 in ICXR.

333, 10. Notes on WAIT function

334 Description added
Flgure1334ICDR 335 Figure 13.34 amended
Read and ICCR (Before) RAW — (After) RN

Access in Slave
Transmit Mode

336 13. Notes on TRS bit setting in slave mode
Note amended

Note: This restriction on usage can be canceled by setting the
FNC1 and FNCO bits to 11 in ICXR.

336, 14. Notes on Arbitration Lost in master mode
337

Description added
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Item Page Revisions (See Manual for Details)
14.4.1 Receive 345 Figure 14.3 amended
Operation

Figure 14.3 Sample
Receive Processing
Flowchart

[1] Set the KBIOE bit to 1 in KBCRH.

14.4.2 transmit 347
Operation

Figure 14.5 (1)

Sample Transmit
Processing Flowchart

Figure 14.5 (1) amended
[1] Set the KBIOE bit to 1 in KBCRH.

15.3.1 Host Interface 365
Control Registers 0
and 1 (HICRO, HICR1)

¢ HICR1
R/W in slave in bit 7 amended
(Before) RIW - (After) R

15.3.7 Status 378
Registers 1 to 3 (STR1
to STR3)

e STR3 (TWRE =1 or SELSTR3 =0)
Bit name in bit 3 amended
(Before) C/D3 - (After) C/D3

15.4.4 Host Interface 397
Shutdown Function
(LPCPD)

Table 15.5 Scope of
Host Interface Pin
Shutdown

I/0O description in CLKRUN amended
(Before) /O - (After) Input
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Item Page Revisions (See Manual for Details)

17.8.1 426 Figure 17.9 amended
Program/Program- Wit pue applcation subroutine Startof T

Ve I’I Sub-Routine Write Pulse Do not perform additional programming
) Set SWE bit in FLMCRL

on previously programmed addresses.
Figure 17.9 7Y E—
Program/Program-

[ veow
Verify Flowchart

Write 128-byte data in RAM reprogram
data area consecutively to flash memory

Note 7: Write Pulse Width

1 z1

2 z1

3 71

4 z1

5 z1

6 z1

= = Transfer additional-programming data to

additional-programming data area

8 72

9 72

10 72

11 72

4 Z [Tt repogram dat o reprogram asa rea_]
13 72
998 z2 OK
1000 72

Wait (n) ps. .6
Note: Use a z3 s write pulse for additional
e
OK

RAM

Successively write 128-byte data from additional-
data area in RAM to flash memory

[Apply write pulse (Additional programming) [|*# us

S

1

Program data storage
area (128 bytes)

Reprogram data storage|
area (128 bytes)

[Adaitional-programming OK.
ta storage area [_Ctear SWE bitin FLMCRL ] [[__Clear SWE bitin FLMCRL ]
(128 bytes)
[ ‘Wait (0) s’ ]#6 [ Wait (6) ps. &3
(CEnd of programming ) (Programming ailre )

18.5 Subclock Input 438, 439 Description of "When Subclock Is Not Needed" and "
Circuit Note on Subclock Usage" added
19.1.1 Standby 443 SCK2 to SCKO description in bits 2 to 0 amended

Control Register When ..., SCK2 to SCKO must be cleared to B'00.
(SBYCR)

19.1.1 Standby 443 Table amended
Control Register STS2 STSL STSO  Wait Time 10MHz 8MHz 6MHz 4MHz 2MHz Unit
(SBYCR) 0 0 0 8192 states 08 10 13 20 41 ms

Table 19.1 Operaing
Frequency and Wait
Time

20.1 Register 460 Address in P7TODA amended

Addresses (Address (Before) HFEO2 - (After) H'FEOL
Order)
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Item Page Revisions (See Manual for Details)
21.2.3 On-Chip 506 Figure 21.19 replaced

Peripheral Module

Timing

Figure 21.19 A/D
Converter External
Trigger Input Timing

Appendix C 513
Package Dimensions

Figure C.1
Package Dimensions
(FP-100B)

Figure replaced

Figure C.2 514
Package Dimensions
(TFP-100B)

Figure replaced
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Section 1 Overview

Section1l Overview

1.1 Features

High-speed H8S/2000 central processing unit with an internal 16-bit architecture
Upward-compatible with H8/300 and H8/300H CPUs on an object level

Sixteen 16-bit general registers
65 basic instructions

Various periphera function
14-bit PWM timer (PWMX)
16-bit free-running timer (FRT)
8-hit timer (TMR)

Watchdog timer (WDT)

Asynchronous or clocked synchronous serial communication interface (SCI)

I°C businterface (11C)

Keyboard buffer controller

Host interface LPC interface (LPC)
Clock pulse generator

On-chip memory

ROM Model ROM RAM Remarks
F-ZTAT Version HD64F2110BV 64 kbytes 2 kbytes
* General 1/0 ports
I/0 pins: 82
»  Supports various power-down states
e Compact package
Product Package Code Body Size Pin Pitch
H8S/2110B QFP-100B FP-100B 16.0 x 16.0 mm 0.5 mm

TQFP-100B TFP-100B
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Section 1 Overview

12 Block Diagram
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Notes: 1. The program development tool (emulator) does not support this function.
2. The program development tool (emulator) does not support the output.

Figurel1.1 Internal Block Diagram of H85/2110B
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Section 1 Overview

1.3 Pin Arrangement and Functions

131 Pin Arrangement
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Notes: 1. The program development tool (emulator) does not support this function.
2. The program development tool (emulator) does not support the output.

Figurel1l.2 Pin Arrangement of H85/2110B
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Section 1 Overview

132 Pin Fuctionsin Each Operating Mode

Tablel.1 Pin Functionsin Each Operating Mode

Pin Name
Pin No. Single-Chip Modes
FP-100B Mode 2, Mode 3
TFP-100B (EXPE =0) Flash Memory Programmer Mode
1 RES RES
2 XTAL XTAL
3 EXTAL EXTAL
4 VCCB vCC
5 MD1 VSS
6 MDO VSS
7 NMI FA9
8 STBY vCC
9 VCL vCC
10 (B) PA7/KIN15/PS2CD NC
11 (B) PA6/KIN14/PS2CC NC
12 (N) P52/ExSCK1*Y/SCLO NC
13 P51/ExRxD1** FA17
14 P50/ExTxD1** NC
15 VSS VSS
16 (N) P97/SDAO vCC
17 P96/@EXCL NC
18 P95 FA16
19 P94 FA15
20 (B) PA5/KIN13/PS2BD NC
21 (B) PA4/KIN12/PS2BC NC
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Section 1 Overview

Pin Name
Pin No. Single-Chip Modes
FP-100B Mode 2, Mode 3
TFP-100B (EXPE =0) Flash Memory Programmer Mode
22 P93 WE
23 P92/IRQ0 VSS
24 P91/IRQT \Y/ele;
25 P90/IRQ2 vcc
26 P60/FTCI/KINO/TMIX NC
27 P61/FTOA/KINT NC
28 P62/FTIA/KIN2/TMIY NC
29 P63/FTIB/KIN3 NC
30 (B) PA3/KINT1/PS2AD NC
31 (B) PA2/KINT0/PS2AC NC
32 P64/FTIC/KIN4 NC
33 P65/FTID/KINS NC
34 P66/FTOB/KING/IRQ6 NC
35 P67/TMOX/KIN7/IRQ7 VSS
36 vCC vVCC
37 vCC vCC
38 P70*? NC
39 P71** NC
40 p72*? NC
41 P73*° NC
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Pin Name
Pin No. Single-Chip Modes
FP-100B Mode 2, Mode 3
TFP-100B (EXPE =0) Flash Memory Programmer Mode
42 P74** NC
43 pP75** NC
44 P76**TMOY** NC
45 P77’ [EXTMOX** NC
46 VSS VSS
47 (B) PAL/KIN9 NC
48 (B) PAO/KINS NC
49 P40/TMCIO NC
50 P41/TMOO0 NC
51 (N) P42/TMRIO/SDA1 NC
52 P43/TMCI1 NC
53 P44/TMO1 NC
54 P45/TMRI1 NC
55 P46/PWX0 NC
56 P47/PWX1 NC
57 PB7/WUE7 NC
58 PB6/WUE6 NC
59 VCC vCC
60 P27 CE
61 P26 FA14
62 P25 FA13
63 P24 FA12
64 P23 FA11
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Section 1 Overview

Pin Name
Pin No. Single-Chip Modes
FP-100B Mode 2, Mode 3
TFP-100B (EXPE =0) Flash Memory Programmer Mode
65 P22 FA10
66 P21 OE
67 P20 FA8
68 PB5/WUE5 NC
69 PB4/WUE4 NC
70 VSS VSS
71 VSS VSS
72 P17 FA7
73 P16 FAG
74 P15 FA5
75 P14 FA4
76 P13 FA3
77 P12 FA2
78 P11 FAL
79 P10 FAO
80 PB3/WUE3 NC
81 PB2/WUE2 NC
82 P30/LADO FOO
83 P31/LAD1 FO1
84 P32/LAD2 FO2
85 P33/LAD3 FO3
86 P34/LFRAME FO4
87 P35/LRESET FO5
88 P36/LCLK FO6
89 P37/SERIRQ FO7
90 PB1/WUE1/LSCI NC
91 PBO/WUEO/LSMI NC
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Section 1 Overview

Pin Name
Pin No. Single-Chip Modes
FP-100B Mode 2, Mode 3
TFP-100B (EXPE =0) Flash Memory Programmer Mode
92 VSS VSS
93 P80/PME NC
94 P81/GA20 NC
95 P82/CLKRUN NC
96 P83/LPCPD NC
97 P84/IRQ3/TxD1 NC
98 P85/IRQ4/RxD1 NC
99 (N) P86/IRQ5/SCK1/SCL1 NC
100 RESO NC

Notes: The (B) in Pin No. means the VCCB drive and the (N) in Pin No. means the NMOS push-
pull/open-drain drive.

1. The program development tool (emulator) does not support this function.
2. The program development tool (emulator) does not support the output.
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Section 1 Overview

133 Pin Functions
Tablel.2 Pin Functions
Pin No.
FP-1008B,
Type Symbol TFP-100B 1/O Name and Function
Power VCC 36, 37,59 Input Power supply pin. Connect the pin to the system power
supply.
VCL 9 Input Power supply pin. Connect the pin to VCC.
VCCB 4 Input  The power supply for the port A input/output buffer.
VSS 15, 46, 70, Input  Ground pin. Connect to the system power supply (0 V).
71,92
Clock XTAL 2 Input Pins for connection to crystal resonators. The EXTAL
EXTAL 3 Input pin can also input an external clock.
See section 18, Clock Pulse Generator, for typical
connection diagrams.
(0] 17 Output Supplies the system clock to external devices.
EXCL 17 Input  Input a 32.768 kHz external subclock.
Operating MD1 5 Input  These pins set the operating mode. These pins should
mode MDO 6 not be changed while the MCU is operating.
control
System  RES 1 Input  Reset pin.
control When this pin becomes low, the chip is reset.
RESO 100 Output Outputs a reset signal to external device.
STBY 8 Input  When this pin is driven low, a transition is made to
hardware standby mode.
Interrupt  NMI 7 Input Input pin for a nonmaskable interrupt request.
signals
IRQO to 23t0 25, Input  These pins request a maskable interrupt.
IRQ7 97 to 99,
34,35
16-bit FTCI 26 Input  The counter clock input pin.
:ruener;ing FTOA 27 Output The output compare A output pin.
timer FTOB 34 Output The output compare B output pin.
(FRT) FTIA 28 Input  The input capture A input pin.
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Pin No.
FP-100B,
Type Symbol TFP-100B 1/O Name and Function
16-bit FTIB 29 Input  The input capture B input pin.
free- - . X
FTIC 32 Input  The input capture C input pin.
running P P s pup
timer FTID 33 Input  The input capture D input pin.
(FRT)
8-bit timer TMOO 50 Output The waveform output pins for the output compare
(TMR_0, TMO1 53 function.
TMR_1, TMOX 35
TMR_X, EXTMOX*' 45
TMR_Y) TMOY*' 44
TMCIO 49 Input  Input pins for the external clock input to counters.
TMCI1 52
TMRIO 51 Input  The counter reset input pins.
TMRI1 54
8-bit timer TMIX 26 Input  The counter event input and counter reset input pins.
(TMR_X, TMIY 28
TMR_Y)
14-bit PWXO0 55 Output PWM D/A pulse output pins.
PWM PWX1 56
timer
(PWMX)
Serial ExTxD1** 14 Output Transmit data output pins.
communi- TxD1 97
patlofn ExRxD1*" 13 Input  Receive data input pins.
interface o, 51 98
(SCI_1) -
ExSCK1™' 12 Input/  Clock input/output pins.
SCK1 99 Output  the output type is NMOS push-pull.
Keyboard PS2AC 31 Input/  Keyboard buffer controller synchronization clock
buffer PS2BC 21 Output input/output pins.
controller PS2CC 11
PS2AD 30 Input/  Keyboard buffer controller data input/output pins.
PS2BD 20 Output
PS2CD 10
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Pin No.
FP-100B,
Type Symbol TFP-100B 1/O Name and Function
Host LAD3 to 8510 82 Input/  LPC command, address, and data input/output pins.
interface LADO Output
(LPC) LFRAME 86 Input  Input pin that indicates the start of an LPC cycle or
forced termination of an abnormal LPC cycle.
LRESET 87 Input  Input pin that indicates an LPC reset.
LCLK 88 Input  The LPC clock input pin.
SERIRQ 89 Input/  Input/output pin for LPC serialized host interrupts
Output (HIRQ1, SMI, HIRQ6, HIRQ9 to HIRQ12).
LSCI, 90, 91,93 Input/ LPC auxiliary output pins. Functionally, they are general
LSMI, PME Output 1/O ports.
GA20 94 Input/  A20 gate control signal output pin. Output state
Output monitoring input is possible.
CLKRUN 95 Input/  Input/output pin that requests the start of LCLK
Output operation when LCLK is stopped.
LPCPD 96 Input  Input pin that controls LPC module shutdown.
Keyboard KINO to 26t029, |Input Matrix keyboard input pins. KINO to KIN15 are used as
buffer KIN15 3210 35, key-scan inputs, and P10 to P17 and P20 to P27 are
controller 48, 47, 31, used as key-scan outputs. This allows a maximum 16-
30, 21, 20, output x 16-input, 256-key matrix to be configured.
11, 10
WUEOto 91,90, 81, Input Wakeup eventinput pins. These pins allow the same
WUE?7 80, 69, 68, kind of wakeup as key-wakeup from various sources.
58, 57
I’Cbus SCLO 12 Input/  I°C clock I/O pins. The output type is NMOS open-drain
interface  SCL1 99 Output output.
(I1c) SDAO 16 Input/  I°C data I/O pins. The output type is NMOS open-drain
SDA1 51 Output output.
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Pin No.
FP-100B,
Type Symbol TFP-100B 1/O Name and Function
I/O ports P17 to P10 72to 79 Input/ Eight input/output pins.
Output
P27 to P20 60 to 67 Input/ Eight input/output pins.
Output
P37 to P30 89 to 82 Input/ Eight input/output pins.
Output
P47 to P40 56 to 49 Input/ Eight input/output pins.
Output  (The output type of P42 is NMOS push-pulll.)
P52 to P50 12 to 14 Input/ Three input/output pins.
Output (The output type of P52 is NMOS push-pull.)
P67 to P60 35 to 32 Input/ Eight input/output pins.
29 to 26 Output
P77 to P70 45to 38 Input/ Eight input/output pins.*?
Output™?
P86 to P80 99 to 93 Input/ Seven input/output pins.
Output  (The output type of P86 is NMOS push-pulll.)
P97 to P90 16to 19 Input/ Eight input/output pins.
221025 Output (The output type of P97 is NMOS push-pull.)
PA7 to 10, 11, 20, Input/ Eight input/output pins.
PAO 21, 30, 31, Output
47, 48
PB7 to 57, 58, 68, Input/ Eight input/output pins.
PBO 69, 80, 81, Output
90, 91

Notes: 1. The program development tool (emulator) does not support this function.
2. The program development tool (emulator) does not support the output.
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Section 2 CPU

Section2 CPU

The H85/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
genera registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

This section describes the H8S/2000 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, refer to section 3, MCU Operating Modes.

21 Features

» Upward-compatibility with H8/300 and H8/300H CPUs
Can execute H8/300 CPU and H8/300H CPU object programs
» General-register architecture

Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-hit registers
e Sixty-five basic instructions
8/16/32-bit arithmetic and logic instructions
Multiply and divide instructions
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 @—ERN]
Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32]
Immediate [#xXx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8,PC) or @(d:16,PC)]
Memory indirect [ @@aa:8]
e 16-Mbyte address space
Program: 16 Mbytes
Data: 16 Mbytes
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» High-speed operation
All frequently-used instructions are executed in one or two states
8/16/32-hit register-register add/subtract: 1 state
8 x 8-bit register-register multiply: 12 states (MULXU.B), 13 states (MULXS.B)
16 + 8-bit register-register divide: 12 states (DIVXU.B)
16 x 16-hit register-register multiply: 20 states (MULXU.W), 21 states (MULXS.W)
32 + 16-hit register-register divide: 20 states (DIVXU.W)
» Two CPU operating modes
Normal mode
Advanced mode
* Power-down state
Transition to power-down state by SLEEP instruction
Selectable CPU clock speed

2.1.1 Differencesbetween H852600 CPU and H85/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are as 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.

*  The number of execution states of the MULXU and MUL XS instructions
Execution States

Instruction Mnemonic H8S/2600 H8S/2000

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

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

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.
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212 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

* More genera registers and control registers
Eight 16-bit extended registers and one 8-bit control register have been added.
» Expanded address space
Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Advanced mode supports a maximum 16-M byte address space.
» Enhanced addressing
The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

» Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

e Higher speed
Basic instructions are executed twice as fast.

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

e Additional control register
One 8-hit control register has been added.

¢ Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

e Higher speed
Basic instructions are executed 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 address space.
The mode is selected by the LSI's mode pins.

221 Normal Mode

The exception vector table and stack have the same structure asin the H8/300 CPU in normal
mode.

» Address space
Linear access to a maximum address space of 64 kbytesis possible.

» Extended registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-hit registers.
When extended register 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 general register Rn is
referenced in the register indirect addressing mode with pre-decrement (@—Rn) or post-
increment (@Rn+) and a carry or borrow occurs, 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.

e Exception vector table and memory indirect branch addresses
In norma mode, the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The exception vector table in normal mode is shown in
figure 2.1. For details on the exception vector table, see section 4, Exception Handling.
The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-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 areafrom H'0000
to H'OOFF. Note that this areais also used for the exception vector table.

o Stack structure
In normal mode, when the program counter (PC) is pushed onto the stack in a subroutine call
in normal mode, and the PC and condition-code register (CCR) are pushed onto the stack in
exception handling, they are stored as shown in figure 2.2. The extended control register
(EXR) is not pushed onto the stack. For details, see section 4, Exception Handling.
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Section 2 CPU

H0000 | _
H'0001
Ho002 |
H'0003
Ho0004 |
H0005 |
H0006 |
H'0007
Ho0008 |
H'0009
HO00A [
H'0008B

Reset exception vector --

(Reserved for system use) --

(Reserved for system use) --

--1 > Exception
vector table

Exception vector 1 --

Exception vector 2 --

N

Figure2.1 Exception Vector Table (Normal Mode)

\/\\/\

S PC SP— CCR
(16 bits) CCR*
PC

\/\ [ (16 hits)

(a) Subroutine Branch (b) Exception Handling

Note: * Ignored when returning.

Figure2.2 Stack Structurein Normal Mode

2.2.2 Advanced Mode

Address space
Linear access to a maximum address space of 16 Mbytesis possible.
Extended registers (En)

The extended registers (EO to E7) can be used as 16-bit registers. They can also be used asthe
upper 16-bit segments of 32-bit registers or address registers.
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Instruction set

All instructions and addressing modes can be used.

Exception vector table and memory indirect branch addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception vector
table in 32-bit units. In each 32 bits, the upper 8 bits are ignored and a branch address is stored

in the lower 24 bits (see figure 2.3). For details on the exception vector table, see section 4,
Exception Handling.

H'00000000 Reserved

Reset exception vector
H'00000003
H'00000004 Reserved

(Reserved for system use)
H'00000007 |
H'00000008

Exception vector table

H'00000008 |

F-- (Reserved for system use)
H'0000000C |

H'00000010 Reserved

Exception vector 1

.

Figure2.3 Exception Vector Table (Advanced 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 advanced mode, the operand is a 32-bit longword operand,
providing a 32-bit branch address. The upper 8 bits of these 32 bits are areserved areathat is
regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF.
Note that the top area of thisrange is also used for the exception vector table.

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 2.4. The extended control register (EXR) is not
pushed onto the stack. For details, see section 4, Exception Handling.
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\/\

SP— Reserved

PC
(24 bits)

J\

(a) Subroutine Branch

\/\

SP—

CCR

PC
(24 bits)

\_/_\

(b) Exception Handling

Figure2.4 Stack Structurein Advanced Mode

2.3 Address Space

Figure 2.5 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. The usable modes and address spaces
differ depending on the product. For details on each product, refer to section 3, MCU Operating

Modes.
H'0000 H'00000000
64 kbytes
H'FFFF
H'00FFFFFF
H'FFFFFFFF

(a) Normal Mode

16 Mbytes

Not available
in this LSI

(b) Advanced Mode

Program area

Data area

Figure2.5 Memory Map
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24 Register Configuration

The H85/2000 CPU hasthe internal registers shown in figure 2.6. There are two types of registers:
general registers and control registers. Control registers are a 24-bit program counter (PC), an 8-bit
extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

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

Control Registers
23 0
PC |

76543210
Exre(T]-]-[-[-]i2]u]i]

76543210

cer [ 1 Ju]u[n]z]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

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

Note: * Does not affect operation in this LSI.

Figure2.6 CPU Internal Registers
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241 General Registers

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

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

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

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

The usage of each register can be selected independently.

General register ER7 has the function of the stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.8 shows the
stack.

* Address registers * 16-bit registers « 8-bit registers
* 32-bit registers

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure2.7 Usageof General Registers
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Free area

SP (ER7) —»]

Stack area

/\/

Figure2.8 Stack

24.2 Program Counter (PC)

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

243 Extended Control Register (EXR)

EXR does not affect operation in thisLSI.

Bit Bit Name Initial Value R/W  Description
7 T 0 R/W  Trace Bit
Does not affect operation in this LSI.
6to3 — All 1 — Reserved
These bits are always read as 1.
2to0 12 1 R/W  Interrupt Mask Bits 2to 0
11 1 R/W Do not affect operation in this LSI.
10 1 R/W

244 Condition-Code Register (CCR)

This 8-hit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. Operations can be
performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC instructions. TheN, Z, V,
and C flags are used as branching conditions for conditional branch (Bcc) instructions.
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Bit

Bit Name

Initial Value

R/W

Description

1

R/W

Interrupt Mask Bit

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

ul

Undefined

R/W

User Bit or Interrupt Mask Bit

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

Undefined

R/W

Half-Carry Flag

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

Undefined

R/W

User Bit

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

Undefined

R/W

Negative Flag

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

Undefined

R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to O to indicate
non-zero data.

Undefined

R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and cleared to
0 otherwise.

Undefined

R/W

Carry Flag

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

¢ Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit
manipulation instructions.
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245 Initial Register Values

The program counter (PC) among CPU internal registersisinitialized when reset exception
handling loads a start address from a vector table. The trace (T) bit in EXR is cleared to 0, and the
interrupt mask (1) bitsin CCR and EXR are set to 1. The other CCR bits and the general registers
are not initialized. Note that the stack pointer (ER7) is undefined. The stack pointer should
therefore be initialized by an MOV .L instruction executed immediately after areset.

25 Data Formats
The H8S5/2000 CPU can process 1-bit, 4-bit BCD, 8-hit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,

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

251 General Register Data For mats

Figure 2.9 shows the data formats of general registers.

Data Type Register Number Data Image
7 0
L-bit data RnH 7ieisiaisiziaio]  pomteae |
___________________ 7 0
1-bit data RNL E Don't care | 75 65 55 45 35 25 15 0
7 43 o .
4-bit BCD data RnH | Upper | Lower | Don't care ,
.................. a4
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH Pl | pontcae
1 L L L 1 1 L
MSB LSB
___________________ 7 0
Byte data RnL Don't care | oo
___________________ Il 1 1 L L L L
MSB LSB

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

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

Register Number Data Image
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15 0
MSB En RN LSB
Legend:

Figure2.9 General Register Data Formats (2)

RENESAS
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25.2 Memory Data For mats

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

also appliesto instruction fetches.

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

size or longword size.

Data Type Address Data Image
7 0
1-bit data Address L 7 |6 | 5 | 4 | 3 | 2 | 1 |0
Byte data Address L MSBE ELSB
Word data Address 2M MSBE
Address2M+1| 1 i i 1 1 1 iLSB

Longword data  Ad
Ad
Ad
Ad

dress 2N

dress 2N + 1 N

dress 2N + 2 E E

dress 2N + 3 E E

\LSB

Figure2.10 Memory Data Formats

2.6 Instruction Set

The H85/2000 CPU has 65 types of instructions. The instructions are classified by function as

shown in table 2.1.
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Table2.1 Instruction Classification

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

L: Longword

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

B.. is the general name for conditional branch instructions.

Cannot be used in this LSI.

When using the TAS instruction, use registers ERO, ER1, ER4, and ERS5.

ER?7 is not used as the register that can be saved (STM)/restored (LDM) when using
STM/LDM instruction, because ER7 is the stack pointer.

arMwDd
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26.1 Instructions Classified by Function

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

Table2.2 Operation Notation

Symbol Description

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

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

(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

4 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

O Logical AND

O Logical OR

O Logical exclusive OR

- Move

O NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-hit 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 DataTransfer Instructions
Instruction  Size**  Function
MOV B/W/L  (EAs) — Rd, Rs - (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP WI/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, 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.
Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L: Longword

ER7 is not used as the register that can be saved (STM)/restored (LDM) when using
STM/LDM instruction, because ER?7 is the stack pointer.
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Table2.4 Arithmetic Operations Instructions (1)

Instruction Size*

Function

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

SUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Subtraction on
immediate data and data in a general register cannot be performed in
bytes. Use the SUBX or ADD instruction.)

ADDX B Rd+Rs+C - Rd,Rd+#IMM = C - Rd

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

INC B/WI/L Rd+1 -~ Rd,Rd+2 - Rd

DEC Adds or subtracts the value 1 or 2 to or from data in a general register.
(Only the value 1 can be added to or subtracted from byte operands.)

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

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

DAA B Rd (decimal adjust) - Rd

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

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

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

DIVXU B/W Rd+Rs - Rd

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

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.4 Arithmetic Operations Instructions (2)

1

Instruction Size* Function

DIVXS B/W Rd+Rs - Rd

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

CMP B/WI/L Rd - Rs, Rd — #IMM

Compares data in a general register with data in another general register
or with immediate data, and sets the CCR bits according to the result.

NEG B/WI/L 0-Rd - Rd

Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU Wi/L Rd (zero extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS WI/L Rd (sign extension) — Rd

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

TAS™? B @ERd -0, 1 — (<bit 7> of @ERd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

Notes: 1. Size refers to the operand size.
B: Byte
W: Word
L: Longword
2. When using the TAS instruction, use registers ERO, ER1, ER4 and ERS5.
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Table25 Logic Operations|nstructions

Instruction Size* Function

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

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

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

NOT B/WI/L 0ORd - Rd

Takes the one's complement (logical complement) of data in a general
register.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
Table2.6  Shift Instructions
Instruction Size* Function
SHAL B/W/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on data in a general register. 1-bit or 2 bit
shift is possible.
SHLL B/W/L Rd (shift) - Rd
SHLR Performs a logical shift on data in a general register. 1-bit or 2 bit shift is
possible.
ROTL B/WI/L Rd (rotate) — Rd
ROTR Rotates data in a general register. 1-bit or 2 bit rotation is possible.
ROTXL B/WIL Rd (rotate) - Rd
ROTXR Rotates data including the carry flag in a general register. 1-bit or 2 bit

rotation is possible.

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

Instruction

Bit Manipulation Instructions (1)

Size*

Function

BSET

B

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

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

BCLR

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

O (<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

0 (<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

C O (<bit-No.> of <EAd>) — C

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

BIAND

C O (<bit-No.> of <EAd>) — C

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

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

BOR

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

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

BIOR

C 0O (O<bit-No.> of <EAd>) - C

Logically 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.

Note: * Size refers to the operand size.
B: Byte
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Table2.7

Instruction

Size*

Bit Manipulation Instructions (2)

Function

BXOR

B

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

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

BIXOR

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

Logically 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

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

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

BILD

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

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

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

BST

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

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

BIST

0OC - (<bit-No.>. of <EAd>)

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

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

Note: * Size refers to the operand size.

B: Byte
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Table2.8 Branch Instructions
Instruction  Size Function
Bcc — Branches to a specified address if a specified condition is true. The

branching conditions are listed below.

Mnemonic Description Condition

BRA (BT) Always (true) Always

BRN (BF) Never (false) Never

BHI High ciz=0

BLS Low or same chz=1

BCC (BHS) Carry clear C=0

(high or same)

BCS (BLO) Carry set (low) c=1

BNE Not equal Z=0

BEQ Equal Z=1

BVC Overflow clear V=0

BVS Overflow set V=1

BPL Plus N=0

BMI Minus N=1

BGE Greaterorequal NOV=0

BLT Less than NOV=1

BGT Greater than ZONOV)=0

BLE Less or equal ZONNOV)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

RENESAS
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Table2.9 System Control Instructions

Instruction  Size* Function

TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) - CCR, (EAs) — EXR

Moves the memory operand contents or immediate data to CCR or
EXR. Although CCR and EXR are 8-bit registers, word-size transfers
are performed between them and memory. The upper 8 bits are valid.

sTC B/W CCR - (EAd), EXR - (EAd)

Transfers CCR or EXR contents to a general register or memory
operand. Although CCR and EXR are 8-bit registers, word-size
transfers are performed between them and memory. The upper 8 bits

are valid.
ANDC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction  Size Function
EEPMOV.B — if R4L # 0 then
Repeat @ER5 + - @ER6+
R4L-1 - R4L
UntilR4L =0
else next;
EEPMOV.W — if R4 # 0 then
Repeat @ER5 + - @ER6+
R4-1 - R4
UntilR4=0
else next;

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location
set in ERG6.

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

2.6.2 Basic I nstruction For mats

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

Figure 2.11 shows examples of instruction formats.

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

* Register field
Specifies ageneral register. Addressregisters are specified by 3 bits, and dataregistersby 3
bits or 4 bits. Some instructions have two register fields, and some have no register field.
» Effective address extension
8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement.
+ Condition field
Specifies the branching condition of Bcc instructions.
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(1) Operation field only

| op | NOP, RTS

(2) Operation field and register fields

| op | m | rm | ADD.B Rn, Rm

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

op | rn | rm
MOV.B @(d:16, Rn), Rm

EA (disp)

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

| op | cc | EA (disp) | BRA d:16

Figure2.11 Instruction Formats (Examples)

2.7 Addressing Modes and Effective Address Calculation

The H85/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes.

Arithmetic and logic operations instructions can use the register direct and immediate addressing
modes. Data transfer instructions can use all addressing modes except program-counter relative
and memory indirect. Bit manipulation instructions can use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST ingtructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.11 Addressing Modes

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

Theregister field of the instruction code specifies an 8-, 16-, or 32-bit general register which
contains the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7
and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified as 32-hit registers.

2.7.2 Register Indirect—@ERnN

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

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

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

274 Register Indirect with Post-Increment or Pre-Decr ement—@ERN+ or @-ERN

Register Indirect with Post-l1ncrement—@ERN+: The register field of the instruction code
specifies an address register (ERn) which contains the address of a memory operand. After the
operand isaccessed, 1, 2, or 4 isadded to the address register contents and the sum is stored in the
addressregister. The value added is 1 for byte access, 2 for word access, and 4 for longword
access. For word or longword transfer instructions, 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. The result is also stored in the address register. The
value subtracted is 1 for byte access, 2 for word access, and 4 for longword access. For word or
longword transfer instructions, the register value should be even.

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

Theinstruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bitslong
(@aa:32). Table 2.12 indicates the accessible absolute address ranges.

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF).
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For a 16-bit absolute address, the upper 16 bits are asign extension. For a 32-bit absolute address,
the entire address space is accessed.

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

Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits (@aa:8) H'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

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

The 8-hit (#xx:8), 16-hit (#xx:16), or 32-bit (#xx:32) immediate data contained in an instruction
code can be used directly as an operand.

The ADDS, SUBS, INC, and DEC instructionsimplicitly contain immediate datain their
instruction codes. Some bit manipulation instructions contain 3-bit immediate datain the
instruction code, specifying a bit number. The TRAPA instruction contains 2-bit immediate data
initsinstruction code, specifying a vector address.

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

This mode can be used by the Bece and BSR instructions. An 8-bit or 16-bit displacement
contained in the instruction code is sign-extended to 24 bits and added to the 24-bit address
indicated by the PC value to generate a 24-hit branch address. Only the lower 24 bits of this
branch address are valid; the upper 8 hits 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.
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2.7.8 Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand which contains a branch address. The upper bits of
the 8-bit absolute address are all assumed to be 0, 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 addressis 16 bitslong. In
advanced mode, the memory operand is alongword operand, the first byte of which is assumed to
be 0 (H'00). Note that the top area of the address range in which the branch addressis stored is

also used for the exception vector area. For further details, refer to section 4, Exception Handling.

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 the instruction code to be
fetched at the address preceding the specified address. (For further information, see section 2.5.2,
Memory Data Formats.)

\/\\/\

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

Branch address

\_/_\

(a) Normal Mode (b) Advanced Mode

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

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

Table2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 Register direct (Rn)

“-- Operand is general register contents.
rm m

2 Register indirect (@ERnN) 31 0 31 2423

I General register contents |——>|D0n‘t carel

3 | Register indirect with displacement
@(d:16,ERN) or @(d:32,ERn) 31 0

[ H General register contents

31

| Sign extension | disp

o

4 Register indirect with post-increment or
pre-decrement 31

+ Register indirect with post-increment @ERn+ [

[ oo [ ] |

« Register indirect with pre-decrement @-ERn 31

Lo [ ] ]

Operand Size Offset
Byte 1
Word 2
Longword 4
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Table2.13 Effective Address Calculation (2)

No

Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

Absolute address

@aa:8

31 2423 87 0
|D0n't carel HFFFF | |

Memory contents

@aa:16 31 2423 16 15 0
| op | abs | |D0n't carel Sign extensionl |
@aa:24 31 2423 0
| op | abs | |D0n't carel |
@aa:32
op 31 2423 0
abs |D0n't carel
6 | Immediate
HXCBIX16/#xX:32 Operand is immediate data.
op IMM
7 Program-counter relative 23
@(d:8,PC)/@(d:16,PC) PC contents ’—‘
op disp 23 I
Sign
extension 31 2423 0
|D0n't carel
8 | Memory indirect @@aa:8
+ Normal mode
- 31 8 7 l 0
“ s H'000000 | abs |
15 0 31 2423 16 15 0
Memory contents | |D0n't Carel H'00 | |
« Advanced mode
. 31 8 7 l 0
abs
Lo ] H000000 | abs | 31 2423 0
31 0 |Don't carel
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2.8 Processing States

The H85/2000 CPU has four main processing states: the reset state, exception handling state,
program execution state, and program stop state. Figure 2.13 indicates the state transitions.

* Reset state
In this state the CPU and on-chip peripheral modules are all initialized and stopped. When the
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, refer to section 4, Exception Handling.
The reset state can also be entered by awatchdog timer overflow.

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

» Program execution state
In this state the CPU executes program instructions in sequence.

* Program stop state
Thisis a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details,
refer to section 19, Power-Down Modes.
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Program execution
state

SLEEP
instruction
SLEEP with
instruction LSON =0,
with SSBY =0
LSON =0,
PSS =0,

SSBY =1

Request for

gggeg{ion exception
handiing handling Sleep mode

Interrupt
request

Exception-handling state

External interrupt
request

Software standby mode

STBY = high, RES = low

—?
Reset state

Hardware standby mode*2

Power-down state”

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.
3. The power-down state also includes watch mode, subactive mode, subsleep mode, etc. For details,
refer to section 19, Power-Down Modes.

Figure2.13 State Transitions
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2.9 Usage Notes

291 Noteon TASInstruction Usage
When using the TAS instruction, use registers ERO, ER1, ER4 and ER5.

The TASingtruction is not generated by the Renesas Technology H8S and H8/300 series C/C++
compilers. When the TAS instruction is used as a user-defined intrinsic function, use registers
ERO, ER1, ER4 and ERS.

29.2 Note on STM/LDM Instruction Usage

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
Three registers: ERO-ER2 or ER4-ER6
Four registers: ERO-ER3

The STM/LDM instruction including ER7 is not generated by the Renesas Technology H8S and
H8/300 series C/C++ compilers.

293 Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read data from the specified addressin
byte units, manipulate the data of the target bit, and write data to the same address again in byte
units. Special careis required when using these instructions in cases where aregister containing a
write-only bit is used or abit is directly manipulated for a port, because this may rewrite data of a
bit other than the bit to be manipulated.

Example: The BCLR instruction is executed for DDR in port 4.

PA7 and P46 are input pins, with alow-level signal input at P47 and a high-level signal input at
P46. P45 to P40 are output pins and output low-level signals. The following shows an examplein
which P40 is set to be an input pin with the BCLR instruction.
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Prior to executing BCLR:

P47 P46 P45 P44 P43 P42 P41 P40
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
DDR 0 0 1 1 1 1 1 1
DR 1 0 0 0 0 0 0 0

BCLR instruction executed:

BCLR #0, @P4DDR The BCLR instruction is executed for DDR in port 4.

After executing BCLR:

P47 P46 P45 P44 P43 P42 P41 P40
Input/output Output  Output Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High
level level level level level level level level
DDR 1 1 1 1 1 1 1 0
DR 1 0 0 0 0 0 0 0
Operation:

1. When the BCLR instruction is executed, first the CPU reads PADDR.

Since PADDR is awrite-only register, so the CPU reads H'FF. In this example PADDR has a
value of H'3F, but the value read by the CPU isH'FF.

2. The CPU clearsbit 0 of the read data to 0, changing data to H'FE.
3. The CPU writes H'FE to DDR, completing execution of BCLR.

Asaresult of the BCLR instruction, bit 0 in DDR is set to 0, and P40 becomes an input pin.
However, bits 7 and 6 of DDR are modified to 1, therefore P47 and P46 become output pins.
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294 EEPMOV Instruction

1. EEPMOQV isablock-transfer instruction and transfers the byte size of dataindicated by R4L,
which starts from the address indicated by R5, to the address indicated by R6.

R5 + R4L —»

\ ~— R6+R4L

2. Set RAL and R6 so that the end address of the destination address (value of R6 + R4L) does
not exceed H'FFFF (the value of R6 must not change from H'FFFF to H'0000 during
execution).

RS —» \

R5 + R4L —» /

%] ~— R6+RAL
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Section 3 MCU Operating Modes

31 MCU Operating M ode Selection

This LSl has two operating modes (modes 2 and 3). The operating mode is determined by the
setting of the mode pins (MD1 and MDO). Table 3.1 shows the MCU operating mode selection.

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating Mode Selection

MCU Operating CPU Operating On-Chip
Mode MD1 MDO Mode Description ROM

2 1 0 Advanced Single-chip mode Enabled
3 1 Normal Single-chip mode

Modes 2 and 3 set the operation in single-chip mode.

Modes 0 and 1 cannot be used in this LSI. Thus, mode pins should be set to enable mode 2 or 3in
normal program execution state. Mode pins should not be changed during operation.

32 Register Descriptions
The following registers are related to the operating mode.

e Maode control register (MDCR)
» System control register (SY SCR)
e Serial timer control register (STCR)
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321 Mode Control Register (MDCR)
MDCR is used to monitor the current operating mode.

Bit Bit Name Initial Value R/W  Description

7 EXPE 0 R/W  Reserved
The initial value should not be changed.
6 — AllO R Reserved
t2° These bits are always read as 0. These bits cannot be
modified.
MDS1 —* R Mode Select 1 and 0
MDSO — R These bits indicate the input levels at mode pins (MD1

and MDO) (the current operating mode). Bits MDS1
and MDSO correspond to MD1 and MDO, respectively.
These bits are read-only bits and they cannot be
written to. The mode pin (MD1 and MDO) input levels
are latched into these bits when MDCR is read. These
latches are canceled by a reset.

Note: * The initial values are determined by the settings of the MD1 and MDO pins.
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322 System Control Register (SYSCR)

SY SCR selects a system pin function, monitors a reset source, selects the interrupt control mode
and the detection edge for NMI, pin location selection, enables or disables register access to the
on-chip peripheral modules, and enables or disables on-chip RAM address space.

Bit Bit Name Initial Value R/W  Description

7 — AllO R/W  Reserved
and The initial value should not be changed.

INTM1 0 R These bits select the control mode of the interrupt
4 INTMO 0 RIW controller. For details on the interrupt control modes

and interrupt control select modes 1 and 0, see
section 5.6, Interrupt Control Modes and Interrupt
Operation.

00: Interrupt control mode O
01: Interrupt control mode 1
10: Setting prohibited
11: Setting prohibited

3 XRST 1 R External Reset

This bit indicates the reset source. A reset is caused
by an external reset input, or when the watchdog
timer overflows.

0: Areset is caused when the watchdog timer
overflows.

1: Areset is caused by an external reset.

2 NMIEG 0 R/W  NMI Edge Select
Selects the valid edge of the NMI interrupt input.

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

1: An interrupt is requested at the rising edge of NMI
input
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Bit Bit Name Initial Value R/W

Description

1 HIE 0 R/W

Host Interface Enable

Controls CPU access to the keyboard matrix interrupt,
input pull-up MOS control registers (KMIMR, KMPCR,
and KMIMRA), and the 8-bit timer (TMR_X and
TMR_Y) registers (TCR_X/TCR_Y, TCSR_X/TCSR_Y,
TICRR/TCORA_Y, TICRF/TCORB_Y,
TCNT_X/TCNT_Y, TCORC/TISR, TCORA_X, and
TCORB_X, TCONRI, and TCONRS).

0: In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC
to H'(FF)FFFF, CPU access to 8-bit timer (TMR_X and
TMR_Y) is permitted.

1: In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC
to H'(FF)FFFF, CPU access to keyboard matrix
interrupt and input pull-up MOS control registers is
permitted.

0 RAME 1 R/W

RAM Enable

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

0: On-chip RAM is disabled
1: On-chip RAM is enabled
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323 Serial Timer Control Register (STCR)

STCR enables or disables register access, |1C operating mode, and on-chip flash memory, and
selects the input clock of the timer counter.

Bit Bit Name Initial Value R/W Description

7 lncs 0 RIW I°C Extra Buffer Select

Specifies bits 7 to 4 of port A as output buffers
similar to SCL and SDA. These pins are used to
implement an I°C interface only by software.

0: PA7 to PA4 are normal input/output pins.
1: PA7 to PA4 are input/output pins enabling bus

driving.
6 IICX1 0 R/W I°’C Transfer Rate Select 1 and 0
5 IICX0 0 R/W These bits control the IIC operation. These bits

select a transfer rate in master mode together with
bits CKS2 to CKSO in the I’C bus mode register
(ICMR). For details on the transfer rate, refer to
table 13.3.

4 IICE 0 R/W I°’C Master Enable

Enables or disables CPU access for IIC registers
(ICCR, ICSR, ICDR/SARX, ICMR/SAR), PWMX
registers (DADRAH/DACR, DADRAL,
DADRBH/DACNTH, DADRBL/DACNTL), and SCI
registers (SMR, BRR, SCMR).

0: SCI_1 registers are accessed in an area from
H'(FF)FF88 to H'(FF)FF89 and from H'(FF)FF8E to
H'(FF)FF8F.

1: 1IC_1 registers are accessed in an area from
H'(FF)FF88 to H'(FF)FF89 and from H'(FF)FF8E to
H'(FF)FF8F.

PWMX registers are accessed in an area from
H'(FF)FFAO to H'(FF)FFA1 and from H'(FF)FFA6 to
H'(FF)FFA7.

IIC_O registers are accessed in an area from
H'(FF)FFD8 to H'(FF)FFD9 and from H'(FF)FFDE to
H'(FF)FFDF.
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Bit Bit Name Initial Value R/W Description

3 FLSHE 0 R/W Flash Memory Control Register Enable

Enables or disables CPU access for flash memory
registers (FLMCR1, FLMCR2, EBR1, EBR2), control
registers in power-down state (SBYCR, LPWRCR,
MSTPCRH, MSTPCRL), and control registers of on-
chip peripheral modules (PCSR, SYSCR2).

0: Registers in power-down state and control
registers of on-chip peripheral modules are accessed
in an area from H'(FF)FF80 to H'(FF)FF87.

1: Control registers of flash memory are accessed in
an area from H'(FF)FF80 to H'(FF)FF87.

2 — 0 R/(W) Reserved
The initial value should not be changed.
1 ICKS1 0 R/W Internal Clock Source Select 1, 0
0 ICKSO 0 R/W These bits select a clock to be input to the timer

counter (TCNT) and a count condition together with
bits CKS2 to CKSO0 in the timer control register
(TCR). For details, refer to section 10.3.4, Timer
Control Register (TCR).

3.3 Operating Mode Descriptions

331 Mode 2

The CPU can access a 16-Mbyte address space in advanced single-chip mode. The on-chip ROM
is enabled.

3.3.2 Mode 3

The CPU can access a 64-kbyte address space in normal single-chip mode. The on-chip ROM is
enabled. The CPU can access a 56-kbyte address space in mode 3.
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34 AddressMap in Each Operating Mode

Figures 3.1 and 3.2 show the address map in each operating mode.

Mode 2 (EXPE = 0)
Advanced mode
Single-chip mode

H'000000

On-chip ROM
H'00FFFF

Reserved area
H'01FFFF

H'FFE080 Reserved area

H'FFE880

On-chip RAM
H'FFEFFF
H'FFF800 Internal I/O
H'FFFE4F registers 3
H'FFFE50 Internal I/O

H'FFFEFF registers 2
H'FFFFO00[ On-chip RAM
H'FFFF7F (128 bytes)
H'FFFF80 Internal I/O

H'EEFEEE registers 1

Figure3.1 AddressMap for H85/2110B (1)

Rev. 2.00 Mar 21, 2006 page 55 of 518
REJ09B0299-0200
RENESAS




Section 3 MCU Operating Modes

Mode 3 (EXPE = 0)
Normal mode
Single-chip mode

H'0000

On-chip ROM

H'DFFF

H'E080 Reserved area

H'E880

On-chip RAM
H'EFFF
H'F800 Internal 1/0
H'FE4F registers 3
H'FES0 Internal 170
H'FEFF registers 2
H'FF00 On-chip RAM
H'FF7F (128 bytes)
H'FF80 Internal 1/0
H'FFFF registers 1

Figure3.2 AddressMap for H85/2110B (2)
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, interrupt, direct transition, or
trap instruction. 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.

Table4.1 Exception Typesand Priority

Priority  Exception Type

Start of Exception Handling

High Reset

A

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

Interrupt

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

Direct transition

Starts when a direction transition occurs as the result of
SLEEP instruction execution.

Trap instruction

Low

Started by execution of a trap (TRAPA) instruction. Trap
instruction exception handling requests are accepted at all
times in program execution state.
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4.2 Exception Sour ces and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exception
sources and their vector addresses.

Table4.2

Exception Source

Exception Handling Vector Table

Vector Number

Vector Address

Normal Mode

Advanced Mode

Reset

H'0000 to H'0001

H'000000 to H'000003

Reserved for system use

H'0002 to H'0003

I
H'000A to H'000B

H'000004 to H'000007

I
H'000014 to H'000017

Direct transition

H'000C to H'000D

H'000018 to H'00001B

External interrupt (NMI)

H'000E to H'000F

H'00001C to H'00001F

Trap instruction (four
sources)

H'0010 to H'0011

H'000020 to H'000023

Ol N 01—k, | O

H'0012 to H'0013

H'000024 to H'000027

=
o

H'0014 to H'0015

H'000028 to H'00002B

[N
[

H'0016 to H'0017

H'00002C to H'00002F

Reserved for system use

[EEY
N

[EnY
o —

H'0018 to H'0019

I
H'001E to H'001F

H'000030 to H'000033

I
H'00003C to H'00003F

External interrupt IRQO

[EnY
)]

H'0020 to H'0021

H'000040 to H'000043

IRQ1

[EnY
~

H'0022 to H'0023

H'000044 to H'000047

IRQ2

[EEY
[ee]

H'0024 to H'0025

H'000048 to H'00004B

IRQ3

=
©

H'0026 to H'0027

H'00004C to H'00004F

IRQ4

N
o

H'0028 to H'0029

H'000050 to H'000053

IRQ5

N
[

H'002A to H'002B

H'000054 to H'000057

IRQ6

N
N

H'002C to H'002D

H'000058 to H'00005B

IRQ7

N
w

H'002E to H'002F

H'00005C to H'00005F

Internal interrupt”

24

|
111

H'0030 to H'0031

H'00DE to H'00DF

H'000060 to H'000063

H'0001BC to H'0001BF

Note: * For details on the internal interrupt vector table, see section 5.5, Interrupt Exception

Handling Vector Table.
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4.3 Reset

A reset has the highest exception priority. When the RES pin goes low, all processing halts and
this LS| entersthe reset. To ensure that this LSl is reset, hold the RES pin low for at least 20 ms at
power-on. To reset the chip during operation, hold the RES pin low for at least 20 states. A reset
initializes the internal state of the CPU and the registers of on-chip peripheral modules. The chip

can also be reset by overflow of the watchdog timer. For details, see section 11, Watchdog Timer
(WDT).

431 Reset Exception Handling

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

1. Theinterna state of the CPU and the registers of the on-chip peripheral modules are initialized
andthel bitissetto 1in CCR.

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

Figure 4.1 shows an example of the reset sequence.

Vector Internal  Prefetch of first program
fetch  processing instruction
.
Lt e B

|

Internal address bus X (1) ; X ® X X:

f
' ' ' '
—| '—| '
Internal read signal !
' ! ' —
. . . .
: ; : :
Internal write signal ' , High

'

'
Internal data bus { @) % @),
f : y

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

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

(4) First program instruction

Figure4.1 Reset Sequence (Mode 3)
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432 Interrupts after Reset

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

433 On-Chip Peripheral Modules after Reset Is Cancelled

After areset is cancelled, the module stop control registers (MSTPCR) areinitialized, and al
modules operate in module stop mode. Therefore, the registers of on-chip peripheral modules
cannot be read from or written to. To read from and write to these registers, clear module stop
mode.

4.4 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The sources to start interrupt exception
handling are external interrupt sources (NMI, IRQ7 to IRQO, KIN15 to KINO, and WUE7 to
WUEQ) and internal interrupt sources from the on-chip peripheral modules. NMI is an interrupt
with the highest priority. For details, refer to section 5, Interrupt Controller.

Interrupt exception handling is conducted as follows:

1. Thevauesin the program counter (PC) and condition code register (CCR) are saved to the
stack.

2. A vector address corresponding to the interrupt source is generated, the start addressis |oaded
from the vector table to the PC, and program execution begins from that address.

4.5 Trap Instruction Exception Handling

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

Trap instruction exception handling is conducted as follows:

1. Thevauesin the program counter (PC) and condition code register (CCR) are saved to the
stack.

2. A vector address corresponding to the interrupt source is generated, the start addressis |oaded
from the vector table to the PC, and program execution starts from that address.
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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 after execution of trap instruction exception handling.

Table4.3 Statusof CCR after Trap Instruction Exception Handling

CCR
Interrupt Control Mode | Ul
0 1 —
1 1 1
Legend:
1: Settol

—: Retains value prior to execution

4.6 Stack Status after Exception Handling

Figure 4.2 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

Normal mode Advanced mode
N—— N——
SP— CCR SP— CCR

CCR*

R pc -1

... PC ] ____ (24nits) .___]
(16 bits)

N~ — X N—— N

Note: Ignored on return.

Figure4.2 Stack Statusafter Exception Handling

Rev. 2.00 Mar 21, 2006 page 61 of 518
REJ09B0299-0200
RENESAS



Section 4 Exception Handling

4.7 Usage Note

When accessing word data or longword data, this LS| assumes that the lowest address bit is 0. The
stack should always be accessed in words or longwords, and the value of the stack pointer (SP:
ER7) should always be kept even.

Use the following instructions to save registers:

PUSH W Rn
PUSH. L ERn

(or MOV.WRn, @SP)
(or MOV.L ERn, @ SP)

Use the following instructions to restore registers:

Rn
ERn

POP. W
POP. L

(or MOV. W @BP+,
(or MOV. L @BP+,

Rn)
ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4.3 shows an example of what
happens when the SP value is odd.

Address

HFFEFFA
H'FFEFFB
HFFEFFC
H'FFEFFD

SP—

SP—

PC

sP—

TRAPA instruction executed

SP set to H'FFEFFF

—_

Data saved above SP

MOV.B R1L, @-ER7 executed

Contents of CCR lost

H'FFEFFF

Legend:
CCR:
PC:
RIL:
SP:

Condition code register
Program counter
General register R1L
Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0 in advanced mode.

Figure4.3 Operation When SP Value |s Odd
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Section 5 Interrupt Controller

51 Features

Two interrupt control modes

Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin the
system control register (SY SCR).

Priorities settable with ICR

An interrupt 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

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to be identified in the interrupt handling routine.

Thirty-one external interrupts

NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling-edge, rising-edge, or both-edge detection, or level
sensing, can be selected for IRQ7 to IRQO. The IRQ6 interrupt is shared by the interrupt from
the IRQ6 pin and eight external interrupt inputs (KIN7 to KINO), and the IRQ7 interrupt is
shared by the interrupt from the IRQ7 pin and sixteen external interrupt inputs (KIN15 to
KIN8 and WUE7 to WUEQ). KIN15 to KINO and WUE7 to WUEO can be masked
individually by the user program.
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| INTM1, INTMO CPU
[syscr}
NMIEG ‘
NMI input i
P NMIinput Interrupt
request
IRQ input — IR?S';p“t
Vector number
ISCR Priority check
KMIMR
KIN input y Y 1, Ul
ey KIN and WUE : [ccr |
WUE input input
Internal interrupt request
WOVIO to IBFI3
0
ICR
Interrupt controller

Legend:
ICR : Interrupt control register
ISCR :IRQ sense control register
IER . IRQ enable register
ISR : IRQ status register

KMIMR : Keyboard matrix interrupt mask register
WUEMR: Wake-up event interrupt mask register
SYSCR : System control register

Figure5.1 Block Diagram of Interrupt Controller
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Interrupt Controller

52 I nput/Output Pins

Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Pin Configuration

Symbol 1/0 Function
NMI Input Nonmaskable external interrupt
Rising edge or falling edge can be selected
IRQ7 to IRQO Input Maskable external interrupts
Rising edge, falling edge, both edges, or level sensing, can be
selected individually for each pin.
KIN15 to KINO Input Maskable external interrupts
Falling edge or level sensing can be selected.
WUE7 to WUEQ Input Maskable external interrupts

Falling edge or level sensing can be selected.

5.3 Register Descriptions

Theinterrupt controller has the following registers. For details on the system control register
(SYSCR), refer to section 3.2.2, System Control Register (SY SCR).

 Interrupt control registers A to C (ICRA to ICRC)
o Address break control register (ABRKCR)

e Break addressregisters A to C (BARA to BARC)
* IRQ sense control registers (ISCRH, ISCRL)

¢ IRQ enableregister (IER)
¢ IRQ statusregister (ISR)

¢ Keyboard matrix interrupt mask registers (KMIMRA, KMIMR)
e Wake-up event interrupt mask register (WUEMRB)
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531 Interrupt Control Registers A to C (ICRA to ICRC)
The ICR registers set interrupt control levels for interrupts other than NMI and address breaks.

The correspondence between interrupt sources and ICRA to ICRC settingsis shown in table 5.2.

Bit Bit Name Initial Value R/W Description

7 ICRN7 All O R/W Interrupt Control Level

to to 0: Corresponding interrupt source is interrupt
0 IRCnO control level 0 (no priority)

1: Corresponding interrupt source is interrupt
control level 1 (priority)

Note: n:AtoC

Table5.2  Correspondence between Interrupt Source and ICR

Register
Bit Bit Name ICRA ICRB ICRC
7 ICRNn7 IRQO — —
6 ICRN6 IRQ1 FRT SCl 1
5 ICRN5 IRQ2, IRQ3 — —
4 ICRn4 IRQ4, IRQ5 — IIC_0O
3 ICRn3 IRQS6, IRQ7 TMR_O lnc_1
2 ICRNn2 — TMR_1 —
1 ICRn1 WDT_0 TMR_X , TMR_Y LPC
0 ICRNO WDT_1 Keyboard buffer controller —
Legend:

0 : Reserved. The write value should always be 0.
Note: n:AtoC
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532 Address Break Control Register (ABRKCR)

ABRKCR controls the address breaks. When both the CMF flag and BIE flag are set to 1, an
address break is requested.

Bit Bit Name Initial Value R/W Description

7 CMF 0 R Condition Match Flag

Address break source flag. Indicates that an
address specified by BARA to BARC is
prefetched.

[Setting condition]

When an address specified by BARA to BARC
is prefetched while the BIE flag is set to 1.

[Clearing condition]

When an exception handling is executed for
an address break interrupt.

6 — All 0 R Reserved
tlo These bits are always read as 0 and cannot be
modified.
0 BIE 0 R/W Break Interrupt Enable
Enables or disables address break.
0: Disabled
1: Enabled

533 Break Address Registers A to C (BARA to BARC)

The BAR registers specify an address that isto be a break address. An addressin which the first
byte of an instruction exists should be set as a break address. In normal mode, addresses A23 to
A16 are not compared.

« BARA

Bit Bit Name Initial Value R/W Description

7 A23 All 0 R/W Addresses 23 to 16

I)O fb(\)16 The A23 to A16 bits are compared with A23 to

A16 in the internal address bus.
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« BARB
Bit Bit Name Initial Value R/W Description
7 Al5 All0 R/W Addresses 15to0 8
to to The A15 to A8 bits are compared with A15 to
0 A8 A8 in the internal address bus.
e BARC
Bit Bit Name Initial Value R/W Description
7 A7 All 0 R/W Addresses 7to 1
to to The A7 to Al bits are compared with A7 to A1
1 Al in the internal address bus.
0 — 0 R Reserved

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

534 IRQ Sense Control Registers (ISCRH, ISCRL)

The ISCR registers select the source that generates an interrupt request at pins IRQ7 to IRQO.

* |SCRH
Bit Bit Name Initial Value R/W Description
7 IRQ7SCB 0 R/W IRQn Sense Control B
6 IRQ7SCA 0 R/W IRQn Sense Control A
5 IRQ6SCB 0 R/W 00: Interrupt request generated at low level of
4 IRQ6SCA 0 rw  IRQninput
3 IRQ5SCB 0 RIW g;LiFI{rg(re]rirrL]JSBtrequest generated at falling edge
2 IRQSSCA 0 RIW 10: Interrupt request generated at rising edge
1 IRQ4SCB 0 R/W of IRQn input
0 IRQ4SCA O RIW 11: Interrupt request generated at both falling

and rising edges of IRQn input
(n=7to4)
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 |SCRL
Bit Bit Name Initial Value R/W Description
7 IRQ3SCB 0 R/W IRQn Sense Control B
6 IRQ3SCA 0 R/W IRQn Sense Control A
5 IRQ2SCB 0 R/W 00: Interrupt request generated at low level of
4 IRQ2SCA 0 riw  IRQninput
3 IRQ1SCB 0 RIW gflilzlzrgirirggltjtrequest generated at falling edge
2 IRQISCA 0 RIW 10: Interrupt request generated at rising edge
1 IRQOSCB 0 RIW of IRQn input
0 IRQOSCA 0 RIW 11: Interrupt request generated at both falling
and rising edges of IRQn input
(n=31t00)
5.35 IRQ Enable Register (IER)

IER controls the enabling and disabling of interrupt requests IRQ7 to IRQO.

Bit Bit Name Initial Value R/W Description

7 IRQ7E 0 R/W IRQn Enable (n =7 to 0)

6 IRQ6E 0 R/W The IRQn interrupt request is enabled when
5 IRQ5E 0 RIW this bit is 1.

4 IRQ4E 0 RIW

3 IRQ3E 0 R/W

2 IRQ2E 0 R/W

1 IRQ1E 0 R/W

0 IRQOE 0 R/W
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5.3.6 IRQ Status Register (ISR)

The ISR register is aflag register that indicates the status of IRQ7 to IRQO interrupt requests.

Bit Bit Name Initial Value R/W Description
7 IRQ7F 0 R/(W)* [Setting condition]
6 IRQ6F 0 RI(W)* When the interrupt source selected by the
5 IRQ5F 0 RIW)* ISCR registers occurs
4 IRQ4F 0 RI(W)* [Clearing conditions]
3 IRQ3F 0 RIW)* When rggding IRQNF flag when IRQNF =1,
. then writing 0 to IRQnNF flag
2 IRQ2F 0 R/(W) . . L
. When interrupt exception handling is executed
1 IRQ1F 0 RI(W) when low-level detection is set and TRQn input
0 IRQOF 0 R/(W)* is high (n=7100)

When IRQn interrupt exception handling is
executed when falling-edge, rising-edge, or
both-edge detection is set

Note: * Only 0 can be written, for flag clearing.

537 Keyboard Matrix Interrupt Mask Registers (KMIMRA, KMIMR) and
Wake-Up Event Interrupt Mask Register (WUEMRB)

The KMIMRA, KMIMR, and WUEMRB registers enable or disable key-sensing interrupt inputs
(KIN15 to KINO), and wake-up event interrupt inputs (WUE7 to WUEQ).

« KMIMRA
Bit Bit Name Initial Value R/W Description
7 KMIMR15 1 R/W Keyboard Matrix Interrupt Mask 15 to 8
6 KMIMR14 1 R/W These bits enable or disable a key-sensing
5 KMIMR13 1 RIW input interrupt request (KIN15 to KIN8).
4 KMIMR12 1 RIW 0: Enables a key-sensing input interrupt
request
3 KMIMR11 1 R/W . N .
1: Disables a key-sensing input interrupt
2 KMIMR10 1 R/W request
1 KMIMR9 1 R/W
0 KMIMRS8 1 R/W
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« KMIMR

Bit Bit Name Initial Value R/W Description

7 KMIMR7 1 R/W Keyboard Matrix Interrupt Mask 7 to 0

6 KMIMR6 0 R/W These bits enable or disable a key-sensing

5 KMIMR5S 1 RIW input interrupt request (KIN7 to KINO).

4 KMIMR4 1 RIW KMIMRG6 also performs interrupt request mask
control for pin IRQ6.

3 KMIMR3 1 R/W - .
0: Enables a key-sensing input interrupt

2 KMIMR2 1 R/W request

1 KMIMR1 1 RIW 1: Disables a key-sensing input interrupt

0 KMIMRO 1 R/W request

« WUEMRB

Bit Bit Name Initial Value R/W Description

7 WUEMR7 1 R/W Wake-Up Event Interrupt Mask 7 to O

6 WUEMR6 1 R/W These bits enable or disable a wake-up event

5 WUEMRS 1 RIW input interrupt request (WUE7 to WUED).

4 WUEMR4 1 RIW 0: Enables a wake-up event input interrupt
request

3 WUEMR3 1 R/W ) ) )
1: Disables a wake-up event input interrupt

2 WUEMR2 1 R/W request

1 WUEMR1 1 R/W

0 WUEMRO 1 R/W

Figure 5.2 shows the relationship between interrupts IRQ7 and IRQ6, interrupts KIN15 to KINO,
interrupts WUE7 to WUEQ, and registers KMIMRA, KMIMR, and WUEMRB.
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KMIMRO (initial value 1)
P60/KINO

KMIMRS (initial value 1) —— .
P65/KING IRQ6 internal signal

§ Edge level
KMIMRG (initial value 0) selection | IRQ6
P66/KIN6/IRQ6 enable/disable interrupt
circuit
KMIMRY (initial value 1) IRQGE

P67/KIN7/IRQ7 IRQ6SC

KMIMRS (initial value 1) —e g:)_ IRQ7 internal signal
PAO/KINS

§ Edge level
KMIMRS (initial value 1) D ' selection | IRQ7
PA1/KIN9 — T enable/disable interrupt
: IRQ7E circuit
WUEMRY (initial value 1) ﬁ_ IRQ7SC
PB7/WUE7

Figure5.2 Relationship between Interrupts IRQ7 and IRQ6, Interrupts KIN15to KINO,
Interrupts WUE7 to WUED, and RegistersKk MIMR, KMIMRA, and WUEMRB

If any of bits KMIMR15 to KMIMR8 or WUEMRY7 to WUEMRO is cleared to O, interrupt input
from the IRQ7 pin will be ignored. When pins KIN7 to KINO, KIN15 to KIN8, or WUE7 to
WUED are used as key-sense interrupt input pins or wakeup event 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 or IRQ7).
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54  Interrupt Sources

54.1 External Interrupts

There are four types of external interrupts: NMI, IRQ7 to IRQO, KIN15 to KINO and WUE7 to
WUEO. WUE7? to WUEOQ and KIN15 to KIN8 share the IRQ7 interrupt source, and KIN7 to KINO
share the IRQG6 interrupt source. Of these, NMI, IRQ7, IRQ6, and IRQ2 to IRQO can be used to
restore this LS| from software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is aways accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SY SCR can be used to select whether an interrupt is requested at arising edge or afalling
edge on the NMI pin.

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:

e Theinterrupt exception handling for interrupt requests IRQ7 to IRQO can be started at an
independent vector address.

* 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 |IER.

» Interrupt control levels can be specified by the ICR settings.

e Thestatus of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to 0
by software.

The detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been
set for input or output. However, when a pin is used as an external interrupt input pin, do not clear
the corresponding DDR to 0O to use the pin as an I/O pin for another function.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.3.

IRQNE
IRQNSCA, IRQNSCB

¢ IRQNF
IRQn interrupt
W Edgellevel 5 Q request
detection circuit
IRQn input R

Note:n=7t0 0 Clear signal

Figure5.3 Block Diagram of Interrupts IRQ7 to IRQO
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When pin IRQ6 is used as an IRQ6 interrupt input pin, clear the KMIMRG bit to O.

When pin IRQ7 isused as an IRQ7 interrupt pin, set al of bits KMIMR15 to KMIMR8 and
WUEMRY7 to WUEMRO to 1. If any of these bitsis cleared to 0, IRQ7 interrupt input from the
IRQ7 pin will be ignored.

Since interrupt request flags IRQ7F to IRQOF are set each time the setting condition is satisfied,
regardless of the |IER setting, refer to a needed flag only.

KIN15 to KINO Interrupts, WUE7 to WUEDO Interrupts: Interrupts KIN15 to KINO and WUE7
to WUEDQ are requested by an input signal at pins KIN15 to KINO and WUE7 to WUEO. When
pins KIN15 to KINO and WUE7 to WUEO are used for key-sense input or wakeup event, clear the
corresponding KMIMR and WUEMR bitsto O in order to enable their key-sense input and
wakeup event interrupts. Remaining unused KMIMR and WUEMR bits for key-sense input
should be set to 1 in order to disable interrupts. Interrupts WUE7 to WUEO and KIN15 to KIN8
generate IRQ7 interrupts, and interrupts KIN7 to KINO generate IRQ6 interrupts. The pin
conditions for interrupt request generation, enable of interrupt requests, settings of interrupt
control levels, and status display of interrupt 