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.

LENESAS



10.

11

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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Renesas 16-Bit Single-Chip Microcomputer

H8S Family/H8S/2100 Series
H8S/2148 HD6432148S  H8S/2147N HD64F2147N

HD6432148SW HD64F2147NV
HD64F2148 H8S/2144 HD6432144S
HD64F2148V HD64F2144
HD64F2148A HD64F2144V
HD64F2148AV HD64F2144A
H8S/2147 HD6432147S HD64F2144AV

HD6432147SW H8S/2143 HD6432143S
HD64F2147A  H8S/2142 HD6432142
HD64F2147AV HD64F2142R
HD64F2142RV
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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

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

1. Treatment of NC Pins

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

2. Treatment of Unused Input Pins

Note: Fix 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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Preface

The H85/2148 Group, H8S/2144 Group, and H8S/2147N comprise high-performance
microcomputers with a 32-bit H8S/2000 CPU core, and a set of on-chip supporting functions
required for system configuration.

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

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

On-chip peripheral functions include a 16-bit free-running timer (FRT), 8-bit timer (TMR),
watchdog timer (WDT), two PWM timers (PWM and PWMX), a serial communication interface
(SCI, IrDA), PS/2-compatible keyboard buffer controller, host interface (HIF), D/A converter
(DAC), A/D converter (ADC), and 1/0 ports. An I°C businterface (11C) can also be incorporated
as an option.

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

The H85/2148 Group has all the above on-chip supporting functions, and can also be provided
with an 11C module as an option. The H8S/2144 Group comprises reduced-function versions, with
fewer TMR channels, and no PWM, keyboard buffer controller, HIF, 11C, or DTC modules, and
the H8S/2147N with fewer TMR channels, no DTC and some other functions.

Use of the H8S/2148 Group, H85/2144 Group, H85/2147N enables compact, high-performance
systems to be implemented easily. The comprehensive PC-related interface functions and 16 x 8
matrix key-scan functions are ideal for applications such as notebook PC keyboard control and
intelligent battery and power supply control, while the various timer functions and their
interconnectability (timer connection), plus the interlinked operation of the 1°C bus interface and
data transfer controller (DTC), in particular, make these devicesideal for usein PC monitors. In
addition, the combination of F-ZTAT™™ and reduced-function versionsis ideal for applications
such as CD-ROM drive units in which on-chip program memory is essential to meet performance
reguirements, product start-up times are short, and program modifications may be necessary after
end-product assembly.

Rev. 4.00 Sep 27, 2006 page v of xliv

RENESAS



This manual describes the hardware of the H85/2148 Group, H85/2144 Group, and H8S/2147N.
Refer to the H8S/2600 Series and H8S/2000 Series Software Manual for a detailed description of
the instruction set.

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

On-Chip Supporting Modules

Group H8S/2148 Group H8S/2147N H8S/2144 Group

Product names H8S/2148, H8S/2147N H8S/2144,
H8S/2147 H8S/2143,

H8S/2142

Bus controller (BSC) Available (16 bits) Available (16 bits) Available (16 bits)

Data transfer controller (DTC) Available — —

8-bit PWM timer (PWM) x16 x16 —

14-bit PWM timer (PWMX) x2 x2 x2

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

8-bit timer (TMR) x4 x3 x3

Timer connection Available — —

Watchdog timer (WDT) x2 x2 x2

Serial communication interface (SCI)  x3 x3 x3

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

Keyboard buffer controller x3 x3 —

(PS/2 compatible)

Host interface (HIF) x4 x4 —

D/A converter x2 x2 x2

A/D converter  Analog inputs x8 x8 x8

Expansion A/D inputs x16 x16 x16
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Main Revisions for This Edition

Item Page
All —

Revision (See Manual for Details)

« Natification of change in company name amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.
» Product naming convention amended
(Before) H8S/2148 Series — (After) H8S/2148 Group
(Before) H8S/2144 Series — (After) H8S/2144 Group

1.1 Overview
Table 1.1 Overview

Host interface specification in table 1.1 amended
« 8-bit host interface (ISA) port

Product lineup specification in table 1.1 amended

Product Code™?

Mask ROM F-ZTAT ROM/RAM
Group Versions Versions (Bytes) Packages
H8S/2148  HD6432148S HD64F2148 128k/4k  FP-100B,
HD64F2148V** TFP-100B
HD6432148SW**  HD64F2148A
HD64F2148AV™*
HD6432147S HD64F2147A 64 ki2 k
HD6432147SW**  HDB4F2147AV**
H8S/2147TN  — HD64F2147N 64 ki2 k
HD64F2147NV*?
H8S/2144  HD6432144S HD64F2144 128 k/4 k
HD64F2144V**
HD64F2144A
HD64F2144AV™*
HD6432143S — 96 k/4 k
HD6432142 HD64F2142R 64 ki2 k
HD64F2142RV*?

Notes: 1. W indicates the I°C bus option.

2. Vindicates the 3-V version. Please refer to appendix F, Product
Code Lineup.

1.2 Internal Block 7
Diagram

Figure 1.1 (a) amended

(Before) STBY - (After) STBY
Figure 1.1 (a) Internal

Block Diagram of

H8S/2148 Group

Figure 1.1 (b) Internal 8
Block Diagram of
H8S/2147N

Figure 1.1 (b) amended
(Before) IIC x 2ch - (After) IIC x 2ch (option)
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Item Page

Revision (See Manual for Details)

1.3.2 Pin Functionsin 14
Each Operating Mode

Table 1.2 (a) Pin

Mode 1 description of pin 35 amended

(Before) P67/TMOX/CIN/KIN7/IRQ7 -
(After) P67/TMOX/CIN7/KIN7/IRQ7

Functions in Each 17
Operating Mode

Modes 2 and 3 in single chip modes of pin 95 amended
(Before) P82 - (After) P82/HIFSD

Table 1.2 (b) 19
H8S/2147N Pin
Functions in Each

Mode 1 description of pin 35 amended
(Before) P67/CIN/KIN7/IRQ7 - (After) P67/CINZ/KIN7/IRQ7

Operating Mode 21

Modes 2 and 3 in single chip modes of pin 95 amended
(Before) P82 - (After) P82/HIFSD

1.3.3 Pin Functions 30

Table 1.3 amended

Table 1.3 Pin Functions Pin No.
FP-100B
Type Symbol TFP-100B 1/O Name and Function
HostHIRQllSZ Output Host interrupt 11, 1, 12, 3, and 4: Output pins for
interface HIRQ1 53 interrupt requests to the host.
(HIF) HIRQ12 54
HIRQ3 91
HIRQ4 90
33 Pin No.
FP-100B
Type Symbol TFP-100B 1/O Name and Function
1/0 ports PA7 to 10, 11,20, Input/ Port A: Eight input/output pins. The data direction
PAO 21, 30,31, output of each pincan be selected in the port A data
47,48 direction register (PADDR). These pins have built-in
MOS input pull-ups. These are the VCCB drive
pins. [H8S/2148 Group and H8S/2147N only]
2.6.1 Overview 52 Instruction in arithmetic operations amended
Table 2.1 Instruction (Before) EG - (After) NEG
Classification
3.2.4 Serial Timer 89 Bit 3 bit table amended
Control Register (STCR) Bit 3
FLSHE Description
0 Addresses H'(FF)FF80 to H'(FF)FF87 are used for power-down mode control register
and supporting module control register access (Initial value)
1 Addresses H'(FF)FF80 to H'(FF)FF87 are used for flash memory control register
access (F-ZTAT version only)
4.5 Stack Status after 111 Note * deleted from figure 4.5 (2)

Exception Handling

Figure 4.5 (2) Stack
Status after Exception
Handling (Advanced
Mode)
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Item Page Revision (See Manual for Details)
5.2.8 Address Break 124 Read/Write description amended
Control Register Bit 7 (Before) RIW — (After) R
(ABRKCR)
5.5.3 Interrupt control 140 Figure 5.9 amended
Mode 1 (Before) Only NMI interrupts enabled and address break —
Figure 5.9 Example of (After) Only NMI interrupts and address break enabled
State Transitions in
Interrupt control Mode 1
8.1 Overview 213 Table 8.1 amended
Tab|e 81 H85/2148 Expanded Modes Single-Chip Mode
. Port | Description Pins
Group Port Functions Mode 1 | MO e ey
Port A |+ 8-bit I/O port |PA7/A23/KIN15/ 1/0 port also I/Oponalso 7777777 1/0 port also functioning as
CIN15/PS2CD functioning as | functioning as key-sense interrupt input
PAGIA22/KINTE/ key-sense address output (A23 |(KINT5 to KIN8),
CIN14/PS2CC interrupt input |to A16), key-sense | expansion A/D converter
(KIN15 to interrupt input input (CIN15 to CIN8), and
PAS/A21/KIN13/ KINS), (KIN15 to KINS), keyboard buffer controller
CIN13/PS2BD expansion A/D |expansion A/D input/output (PS2CD,
PA4/A20/KINT2/ converter input | converter input PS2CC, PS2BD, PS2BC,
CIN12/PS2BC (CIN15 to (CIN15t0 CIN8), | PS2AD, PS2AC)
PA3/ALGKINTT/ CIN8), and and keyboard buffer
keyboard controller input/
CIN11/PS2AD buffer output (PS2CD,
PA2/A18/KIN10/ controller PS2CC, PS2BD,
CIN10/PS2AC input/output PS2BC, PS2AD,
PAL/AL7/KING/ %322(%" PS2AC)
CIN9 "
o PS2BD,
PAO/A16/KINS/ PS2BC,
CINg PS2AD,
PS2AC)
Table 8.2 H8S/2147N 216 Table 8.2 amended

Port Functions

Expanded Modes

CIN15/PS2CD

PAG6/A22/KIN14/
CIN14/PS2CC

PA5/A21/KIN13/
CIN13/PS2BD

PA4/A20/KIN12/

key-sens:

KINg),

functioning as

interrupt input
(KINT5 to

expansion A/D
converter input

Single-Chip Mode

Mode 2, Mode 3
(EXPE =0)

Port | Description Pins " Mode 2, Mode 3
Mode 1 (EXPE=1)
Port A |« 8-bit I/O port |PA7/A23/KIN15/ 1/0 port also | 1/Q port also

functioning as

e address output (A23
to A16), key-sense
interrupt input
(KINT5 to KIN8),
expansion A/D
converter input

1/0 port also functioning as
key-sense interrupt input
(KIN15 to KIN8), expansion
A/D converter input (CIN15
to CIN8), and keyboard
buffer controller
input/output (PS2CD,
PS2CC, PS2BD, PS2BC,

CIN12/PS2BC (CIN15 to (CIN15to CIN8),  |PS2AD, PS2AC)

R CIN8), and and keyboard buffer
PAS/AL9/KINT1/ keyboard controller input/
CIN11/PS2AD buffer output (PS2CD,
PA2/A18/KINT0/ controller PS2CC, PS2BD,
CIN10/PS2AC input/output PS2BC, PS2AD,
PAL/AL7/KING/ (PS2CD, PS2AC)
CIN9 PS2CC,

o PS2BD,
PAO/A16/KIN8/ PS2BC,
CINg PS2AD,

PS2AC)
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Item Page Revision (See Manual for Details)

8.1 Overview 220 Table 8.3 amended
Table 83 H88/2144 Port Expanded Modes Single-Chip Mode
. Port | Description Pins Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
Functons ode (EXPE=1) (EXPE =0)
Port A |« 8-bit I/O port | PA7 to PAO/ 1/0 portalso  |1/O port also 1/0 port also functioning as
A23 to A16/ functioning as |functioning as key-sense interrupt input
KINT5 to KIN8/ key-sense address output (A23 | (KINT5 to KIN8) and
CIN15 to CIN8 interrupt input |to A16), key-sense |expansion A/D converter
(KIN15 to interrupt input input (CIN15 to CIN8)
KINB8), and (KINT5 to KINS),
expansion A/D |and expansion A/D
converter input | converter input
(CIN15 to (CIN15 to CIN8)
77777777777777 CIN8)
8.7.2 Register 247 Table 8.14 amended
Configuration (Before) System control register — (After) System control
Table 8.14 Port6 register 2
Registers
8.9.3 Pin Functions 258 P81/GA20/CS2 selection method and pin function description
Table 8.19 Port 8 Pin amended
Eunctions Pin Selection Method and Pin Functions

P81/GA20/CS2 The pin function is switched as shown below according to the combination of
operating mode, bit CS2E in SYSCR, bit FGA20E in HICR of the HIF, and bit

P81DDR.

Operating Not slave mode Slave mode

mode

FGA20E — 0 1

CS2E — 0 1 —

P81DDR 0 1 0 1 — 0 1

Pin function P81 P81 P81 P81 CSs2 P81 GA20
input | output | input | output | input input | output

pin pin pin pin pin pin pin

This pin should be used as the GA20 output pin or CS2 input pin only in mode
2 or 3 (EXPE = 0).
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Item Page

Revision (See Manual for Details)

8.11.3 Pin Functions 270

Table 8.23 Port A Pin
Functions

Table 8.23 amended

Pin Selection Method and Pin Functions
PA1/A17/KIN9/ The pin function is switched as shown below according to the combination of
CIN9 operating mode, the IOSE bit in SYSCR, and bit PAIDDR.

Operating Modes 1, Mode 2 (EXPE = 1)

mode 2 (EXPE =0), 3

PA1DDR 0 1 0 1

IOSE — — — 0 1

Pin function PAL PAL PAL A17 PAL

input pin | output pin | inputpin | outputpin | output pin
KIN9 input pin, CIN9 input pin

This pin can always be used as the KIN9 or CIN9 input pin.

PAO/A16/KINS/ The pin function is switched as shown below according to the combination of

CIN8 operating mode, the IOSE bit in SYSCR, and bit PAODDR.
Operating Modes 1, Mode 2 (EXPE =1)
mode 2 (EXPE=0),3
PAODDR 0 1 0 1
IOSE — — — 0 1
Pin function PAO PAO PAO Al6 PAO
input pin | outputpin | inputpin | outputpin | output pin
KIN8 input pin, CIN8 input pin

This pin can always be used as the KIN8 or CIN8 input pin.

9.3.1 Correspondence 289
between PWM Data

Register Contents and

Output Waveform

Table 9.4 Duty Cycle of
Basic Pulse

Description of upper 6 bits changed to of upper 4 bits

10.3 Bus Master 299 Description amended
Interface ... Example 2: Read DADRA

MOV. W @DADRA, RO ; Transfer contents of DADRA to RO
10.4 Operation 303 Table 10.4 amended

Table 10.4 Settings and
Operation (Examples
when @= 10 MHz)

Fixed DADR Bits Conversion

Bit Data cycle*
32[1[o] ®®

Resoluti B i
esolution ase |Conversion Tk (if 0S =0)

T Cycle Cycle T, (if OS = 1) Precision
(us) (us) (us) (Bits)

0 0.1 0 6.4 1638.4

ey

. Always low (or high) 14 1638.4
level output
(DADR = H'0001 to
H'03FD)

. Always low (or high) 14 1638.4
level output
(DADR = H'0003 to
H'00FF)

1 25.6 1638.4

-

1 0.2 0 12.8 3276.8

Always low (or high) 14 3276.8
level output
(DADR = H'0001 to
H'03FD)

=

1 51.2 3276.8

. Always low (or high) 14 3276.8
level output
(DADR = H'0003 to

-
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Item Page Revision (See Manual for Details)

16.1.1 Features 492  Automatic switching from formatless mode to 1°C bus format
(channel 0 only)

Description added

16.4 Usage Notes 548 Figure 16.19 amended
Figure 16.19 Flowchart :
and Timing of Start SCL 9 3
Condition Instruction ) "‘ A 3
Issuance for ;
Retransmission SDA ACK ‘/ ] 3
IRIC 3
[3] Start conditioﬁ

instruction issuance

[1] IRIC determination [2] Determination
of SCL = low

550 to Description added
557 » Notes on WAIT Function

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

» Notes on TRS Bit Setting in Slave Mode

* Notes on Arbitration Lost in Master Mode

* Notes on Interrupt Occurrence after ACKB Reception
* Notes on TRS Bit Setting and ICDR Register Access

20.4.3 Input Sampling 628 Figure 20.5 amended
and A/D Conversion Time

Figure 20.5 A/D
Conversion Time )

Address

Write signal
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22.4.2 Block Diagram 643 Figure 22.2 amended
Figure 22.2 Block Internal address bus
Diagram of Flash
Memory Internal data bus (16 bits)
< {FLmcrif O Operat .
é C> FovcRal: Bus interface/controller }4— ;:ne;z;éngk Mode pins
;8@ EBR2 |*
Flash memory
(128 kbytes/64 kbytes)
22.5.3 Erase Block 653 Bit figure amended
Registers 1 and 2 Read/Write description of bits 7 to 2 (Before) 0 ¥ _ (After) O
(EBR1, EBR2)
22.10.1 Programmer 671 Note amended
Mode Setting In programmer mode, ... Renesas Technology microcomputer
device types with 128-kbyte™*? or 64-kbyte**** on-chip flash
memory. ...
Note: 3. Use products other than the A-mask version of the
H8S/2148, H8S/2147N, H8S/2144, and H8S/2142 ...
22.10.4 Memory Read 675 Figure 22.17 amended

Mode

Figure 22.17 Timing
Waveforms when
Entering Another Mode
from Memory Read
Mode

Memory read mode Other mode command write

Address stable ><

FA17 to FAO

U

1 wep ttzeh;

OE m—— "
WE | el
FOT to FOO Data > < HXX|
' :4>3—1<7
¢ lan)
]
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22.10.4 Memory Read 676

Mode

Figure 22.19 Timing
Waveforms for CE/OE
Clocked Read

Figure 22.19 amended

FA17 to FAO 3< Address stable ><
y L

1 (‘ ‘\ fee :

Address stable

tacc

OE | j

R ‘ | lard
FO7 to FOO | ( Data| < Data| %

‘ A 4 Y LD
‘ 1 - -

22.10.7 Status Read 681 Figure 22.22 amended

Mode

Figure 22.22 Status

Read Mode Timing

Waveforms

23.5.3 Erase Block 699 Bit figure amended

Registers 1 and 2
(EBR1, EBR2)

Table 23.5 Flash
Memory Erase Blocks

Read/Write description of bits 7 to 2 (Before) 0 * _ (After) O
Bit | 0

EBR1 ' EB9/—"? | EB8/—*?

Initial value 0 0
Read/Write } RIW**¥2 Rw**¥2

Note 2 amended

Note: 2. Bits EB8 and EB9 are not present in the 64-kbyte
versions; they must not be set tol.

64-kbyte description added to table 23.5

Block (Size)
128-kbyte Version  64-kbyte Version
EBO (1 kbyte) EBO (1 kbyte)
EB1 (1 kbyte) EB1 (1 kbyte)
EB2 (1 kbyte) EB2 (1 kbyte)
EB3 (1 kbytes) EB3 (1 kbytes)
EB4 (28 kbytes) EB4 (28 kbytes)
EB5 (16 kbytes) EB5 (16 kbytes)
EBG6 (8 kbytes) EB6 (8 kbytes)
EB7 (8 kbytes) EB7 (8 kbytes)
EB8 (32 kbytes) —

EBO (32 kbytes) [

Address

H'(00)0000 to H'(00)03FF
H'(00)0400 to H'(00)07FF
H'(00)0800 to H'(00)0BFF
H'(00)0CO00 to H'(00)OFFF
H'(00)1000 to H'(00)7FFF
H'(00)8000 to H'(00)BFFF
H'(00)C000 to H'(00)DFFF
H'00E000 to H'00FFFF
H'010000 to H'017FFF
H'018000 to H'01FFFF
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23.6.1 Boot Mode

705 Description amended

H'(FF)E088 and above

23.7.2 Program-Verify
Mode

Figure 23.12
Program/Program-Verify
Flowcharts

710 Note *6 added to figure 23.12

Write pulse application subroutine Start of programming

Sub-routine write pulse .
Perform programming in the erased state.
Set SWE bitin FLMCRL Do not perform additional programming

on previously programmed addresses.

Set PSU bit in FLMCRL
Wait (y) s

Wait () s

SetP bitin FLMCRL

Wai (21) s, (22) s or (23) is

[ Clear P bit in FLMCRL ]
1
Wait (a) ps *6 Write 128-byte Gata in RAM reprogram data |,y
area consecutively to flash memory
Clear PSU bit In FLMCRZ
Wait (B) s “6 e Note 7 or pulse width
Disable WOT
o
increment address L
N [ ]
Note 7: Write Pulse Width Program data = NG
Number of Writes n] Wiite Time (z°6) ysec verify :
Z oK
z
z
z
z
z
z
z
z
1 z
1 z
12 z [Transfer reprogram data to reprogram data areal *4
13 z
598 2z
999 22
1000 22

Note: Use a (23) pis write pulse for additional
programming,

RAM

Program data storage

Write 128-byte data in additional program data
area (128 bytes) ar

ea in RAM consecutively to flash memory

Reprogram data storage
area (128 bytes)

‘Additional program data
storage area (128 kbytes)

[ Clear SWE bitin FLMCR1 1

K
Clear SWE bitn FLVCRL ]
¥

Wait (6) ps J*6

Programming failure

[ Wail (6) s 6 [

End of programming

23.10.4 Memory Read
Mode

Figure 23.17 Timing
Waveforms when
Entering Another Mode
from Memory Read
Mode

721 Figure 23.17 amended

Memory read mode Other mode command write

FA17 to FAO

FO7 to FOO
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23.10.4 Memory Read 722 Figure 23.19 amended
Mode | P |
Figure 23.19 Tlmlng FA17 to FAO D< Address stable >< Address stable >C
Waveforms for CE/OE o ‘ ! face § |
Clocked Read ! ;
tacc j j ; { 3 tdf%
FO7 to FOO < Data | | < Data! %
] = T
23.10.5 Auto-Program 724 Figure 23.20 amended
Mode ; 1
. FAL7 to FAO {Addtess

Figure 23.20 Auto- O toon o 1
Program Mode Timing oE \ — Lt_l.\“ ] -, .
Wavefors “ BRI =

WE ?\_/ ‘\—/‘ 1bly31:‘?0‘?2n§f§;tes i\—/;%%ﬂia_ﬁ :

o7 | H ! j :&zgrammmgope@_;\—ii

Fos :'r‘%grammmg no”{;‘"j}/—j\_ii

FO7 to FOO H'40 Data rooen FOO 10 FO5 = 0)

23.10.6 Auto-Erase 725 Figure 23.21 amended

Mode

Figure 23.21 Auto-
Erase Mode Timing
Waveforms

FA17 to FAO

[ ‘ | “
— - - : : :
cE ™ \ L/ [ / \
[ : ‘ it | |
OE thxe tests I '
WE )i ‘ ‘ ‘ ‘
terase (100 to 40000 ms) 3 Vote | \;
Erase end identification '
FO7 signal .
Erase normal end |
FO6 signal! ,
CLin DL !
FO7 to FOO H'20 H'20 \1 FOOto FO5 =0
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23.10.7 Status Read 727 Figure 23.22 amended
Mode
Figure 23.22 Status
Read Mode Timing OE )
Waveforms L
et
i‘ds :
24.7 Subclock Input 740 Note on Subclock Usage
Circuit Description added
25.12 Usage Notes 764 Section 25.12 added
26.2.6 Flash Memory 799 Table 26.15 amended
Characteristics Test
Item Symbol Min Typ Max Unit Condition
Table 26.15 Flash Reprogramming count N, 100 10000 —  Times
Memory Characteristics Data retention time”*® o 10 — — Years
. . Programming  Wait time after SWE-bit setting™ 10 — — Hs
(Programming/erasing
operating range) 800 Notes 8 to 10 added
Notes: 8. Minimum number of times for which all
characteristics are guaranteed after rewriting (Guarantee range
is 1 to minimum value).
9. Reference value for 25°C (as a guideline, rewriting should
normally function up to this value).
10. Data retention characteristic when rewriting is performed
within the specification range, including the minimum value.
26.3.3 AC 819 Table 26.20 amended
Characteristics . . "
Condition A Condition B Condition C
Table 26.20 Clock 20 MHz 16 MHz 10 MHz Test
T|m|ng Item Symbol Min  Max Min Max Min Max Unit Conditions
Oscillation setting 1., 10 — 10 — 20 —  ms Figue266
time at reset
(crystal)
Oscillation settling  t_., 8 — 8 — 8 — ms  Figure 26.7
time in software
standoy (erysta) .
Table 26.25 I°C Bus 829 Table 26.25 amended
Timing Ratings
Item Symbol  Min Typ Max Unit Test Conditions Notes
SCL, SDAinput t, — = 300 ns Figure 26.28
fall time
SCL, SDA output t, 20+0.1Cbh — 250 ns
fall time
SCL, SDAinput  t, — — 1 tye
spike pulse

elimination time
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26.3.4 A/D Conversion 831 Note *4 added to table condition

Characteristics Condition C: V__=3.0 V to 3.6V, AV__ =3.0 V to 3.6 V¥,
Table 26.27 A/D AV, =3.0Vto AV ™ V_ B=3.0Vto55V¥ ..
Conversion

Characteristics (CIN15 to
CINO Input: 134/266-
State Conversion)

Note 4 amended

Note: 4. When using CIN, the applicable range is V.. = 3.0 V to
36V, ..

26.3.6 Flash Memory 833 Table 26.29 amended
Characteristics Item amended (Before) Wait time after dummy write — (After)
Table 26.29 Flash Wait time after H'FF dummy write
Memory Characteristics Symbol of wait time after SWE-bit clear (Before) @ — (After) 8
(Programming/erasing rest
Operating range) Item Symbol Min Typ Max Unit Condition
Reprogramming count N,  100% 10000 —  Times
Data retention time*** o 10 — — Years
Programming Wait tme ater SWE-bitsetting™ x 1 — — s
834 Notes 8 to 10 added
Notes: 8. Minimum number of times for which all
characteristics are guaranteed after rewriting (Guarantee range
is 1 to minimum value).
9. Reference value for 25°C (as a guideline, rewriting should
normally function up to this value).
10. Data retention characteristic when rewriting is performed
within the specification range, including the minimum value.
26.4.3 AC 849 Unit of t,,,., amended
Characteristics (Before) O — (After) ns
Table 26.35 Control
Signal Timing
Table 26.37 Timing of 854, units of t,.., too e tercsr trurer tues @Mended
On-Chip Supporting 855 (Before) [ _ (After) ns
Modules (1) ]
Units of t_.,,, tyew. Synchronous t,  amended
(Before) O — (After) t,,
Unit of t., amended
(Before) 1.5 — (After) L,
26.4.4 AJ/D Conversion 860 Table condition amended
Characteristics Table condition A (Before) ..., Ta = —20 to +75°C (regular
Table 26.41 A/D specifications), Ta = =40 to +85°C (wide-range specifications)
Conversion - (After) ... Ta=-20to +75°C

Characteristics (CIN15 to
CINO Input: 134/266-
State Conversion)
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26.4.6 Flash Memory 862 Table 26.43 amended
Characteristics Test
Item Symbol Min Typ Max Unit Condition
Table 26.43 Flash Reprogramming count N, 100" 10000" —  Times
Memory Characteristics Data retention time*** tome 10 — — Years
(Programming/erasing Progiamming Walttime after SWE-bitsetting™ x 10— = s
operating range) 863 Notes 8 to 10 added
Notes: 8. Minimum number of times for which all
characteristics are guaranteed after rewriting (Guarantee range
is 1 to minimum value).
9. Reference value for 25°C (as a guideline, rewriting should
normally function up to this value).
10. Data retention characteristic when rewriting is performed
within the specification range, including the minimum value.
26.5.3 AC 877 Unit of t,,,, amended
Characteristics (Before) (blank) — (After) ns
Table 26.49 Control
Signal Timing
26.5.6 Flash Memory 885 Table 26.55 amended
Characteristics Mem  Symbol Min_ Typ _ Max_Unit _ Condiion
Reprogramming count Noyee 100*° 10000"° — Times
Table 26.55 Flash . Data retention time*** toe 10 — — Years
Memory Characteristics Programming Wait time after SWE-bit setting™  x 10 — — us
(Programming/erasing
operating range) 886 Notes 8 to 10 added
Notes: 8. Minimum number of times for which all
characteristics are guaranteed after rewriting (Guarantee range
is 1 to minimum value).
9. Reference value for 25°C (as a guideline, rewriting should
normally function up to this value).
10. Data retention characteristic when rewriting is performed
within the specification range, including the minimum value.
26.6.3 AC 900 Unit of t,,,, amended
Characteristics (Before) (blank) — (After) ns
Table 26.61 Control
Signal Timing
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26.6.6 Flash Memory 908 Table 26.67 amended
Characteristics Symbol of wait time after SWE-bit clear (Before) © - (After) 8
Table 26.67 Flash » o Test
Memory Characteristics ,'f?[“,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,S,YT?S’,',M'EI;,,T}’E,,*,Q,MQ‘,,,P,”,'P,,,,,,9",’1“,“,‘,'9,”,,,
. . Reprogramming count Nyec 100 10000 — Times
(Prog rammi ng/e rasing Data retention time”** [ 10 — — Years
operating range) Programming Waltime afer SWEbiseting” x 1 — = W
909 Notes 8 to 10 added
Notes: 8. Minimum number of times for which all
characteristics are guaranteed after rewriting (Guarantee range
is 1 to minimum value).
9. Reference value for 25°C (as a guideline, rewriting should
normally function up to this value).
10. Data retention characteristic when rewriting is performed
within the specification range, including the minimum value.
26.7.2 Clock Timing 912 Figure 26.6 amended
Figure 26.6 Oscillation EXTAL S\ A\ A\ i
Settling Timing tomer toexr
Vee ’ ( ’ ’
o ; R R
STBY L
tosc1 tosc1
RES F ‘
IR |
ARV AYAVAYAVAY RS == liiinYaY
26.7.5 Timing of On- 924 Figure 26.28 amended

Chip Supporting Modules

Figure 26.28 I°C Bus
Interface Input/Output
Timing (Option)

SDAO,
SDA1

'
R

SCLO,
SCL1

~—tspaH |
‘
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A.1 Instruction 930 Table A.1 amended

Table A.1 Instruction 2. Arithmetic Instructions
Set Addressing Mode and Condition Code | NO- O
Instruction Length (Bytes) States™!
B
:
Mnemonic & Operation
2% |5 1|H{N|Z|V|C 3
c|GlE] |8 Tlg
g lxlc|ulzly|gl2|e 513
n|£|2|9|9|8|9|86 | z| <
EXTU “EXTUWRd w 2 0 - (<bits 15 to 8> of Rd16) —|—|o|i|0|— 1
EXTU.L ERd L 2 0 - (<bits 31 to 16> of ERd32) —|0 0|— 1
TAS TAS @ERd™3 B 4 @ERd-0 ~ CCR set, (1) - 0|— 4
(<bit 7> of @ERd)
933 Table A.1 amended
4. Shift Instructions
Addressing Mode and No. of
Instruction Length (Bytes) Condition Code | g 051
p
:
Mnemonic _ % Operation -
g2 G I{H|N|zZ|v|c| = | &
AEHEEE HE
x| |u|2|Y| 2O 512
AR EIEEIEREER 2|2
SHIR |SHIRBRd | e 2 (T = T
SHLR.B #2,Rd B 2 —|— 1
SHLR.W Rd w 2 — 1
SHLR.W #2,Rd w 2 — 1
SHLR.L ERd L 2 — 1
SHLR.L #2,ERd L 2 — 1
939 Table A.1 amended
6. Branch Instructions
Addressing Mode and No. of
Instruction Length (Bytes) Condition Code | gy o511
B
3
Mnemonic & Operation -
g %’ o IH|IN|Z|V|c| o | &
glulg| _|&|8 21§
glxlc|uZ|Y g2 513
» |£|2|8|9|®|e|8|8| | zZ| <
JIMP JMP @ERn —_ 2 PC.-ERn —|—=|=|=|=|= 2
JMP @aa:24 - 4 PC.-aa:24 —|=|—=|=|—=|—| s
JMP @@aa:8 — 2 PC. @aa8 —|—=|—=|=|—=|—] 4 |5
BSR BSR d:8 - 2 PC~@-SP,PC.-PC+d:8 —|=|=|=|—|—] 3 |4
BSR d:16 - 4 PC = @-SP,PC.-PC+d:16 —|=|=|=|—|—| 4 |5
JSR JSR @ERn —_— 2 PC~@-SP,PC.-ERN —|—=|—=|—|—|—] 3 |4
JSR @aa:24 — 4 PC~@-SP,PC.-aa:24 —|—=|—=|—|—|—] 4 |5
JSR @@aa:8 — 2 PC~@-SP,PC.-@aa:8 —|=|=|—=|—|—| 4 |6
RTS RTS — 2 |PC.-@SP+ —|—=|=|=|—|—| 4 |5
A.2 Instruction Codes 949 Table A.2 amended
Table A.2 Instruction Instruc- Mnemonic size
Codes
LDC @aa:16,EXR
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B.3 Functions 1013  Subheading amended
KBCOMPO H'FEE4 IrDA/Expansion A/D

1016 ISRO H'FEEB Interrupt Controller
Figure amended

IRQ7 to IRQO flags Q

0 | [Clearing conditions]
 Cleared by reading IRQnF when set to 1, then writing 0 in IRQNF
« When interrupt exception handling is executed while low-level detection
is set (IRQNSCB = IRQNSCA = 0) and IRQn input is high*
» When IRQn interrupt exception handling is executed while falling, rising,
or both-edge detection is set (IRQNSCB = 1 or IRQNSCA = 1)*

Note: * When a product, in which a DTC is incorporated, is
used in the following settings, the corresponding flag bit is not
automatically cleared even when exception handling, which is a
clear condition, is executed and the bit is held at 1.

(1) When DTCEAS3 is set to 1 (ADI is set to an interrupt source),
IRQA4F flag is not automatically cleared.

(2) When DTCEA2 is set to 1 (ICIA is set to an interrupt
source), IRQ5F flag is not automatically cleared.

(3) When DTCEAL is set to 1 (ICIB is set to an interrupt
source), IRQ6F flag is not automatically cleared.

(4) When DTCEAQ is set to 1 (OCIA is set to an interrupt
source), IRQ7F flag is not automatically cleared.

When activation interrupt sources of DTC and IRQ interrupts
are used with the above combinations, clear the interrupt flag
by software in the interrupt handling routine of the
corresponding IRQ.

1019 ABRKCRO H'FEF4 Interrupt Controller
Read/Write description amended
Bit 7 (Before) RIW - (After) R

1021 FLMCR1O H'FF80 Flash Memory
Initial value description amended
Bit 7 (Before) O - (After) 1
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B.3 Functions

1025 EBR10OH'FF82 Flash Memory
EBR20 H'FF83 Flash Memory

Figure amended

Read/Write description of bits 7 to 2 (Before) 0 * _ (After) O

Bit 7 6 5 4 3 2 1 0
EBR1 ‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘EBQI—*Z EB8/—*2
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — —  RWT2 w12
Bit 7 6 5 4 3 2 1 0
EBR2 ‘ EB7 ‘ EB6 ‘ EB5 ‘ EB4 ‘ EB3 ‘ EB2 ‘ EB1 ‘ EBO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW*1 R/W R/W R/W R/W R/W R/W R/W

1030 ICCR1OH'FF88 IlIC1
ICCROU H'FFD8 11CO

Figure amended

I2C bus interface enable

0 | 12C bus interface module disabled, with
SCL and SDA signal pins set to port
function

SAR and SARX can be accessed

1 | 12C bus interface module enabled for
transfer operations (pins SCL and SDA
are driving the bus)

ICMR and ICDR can be accessed

1059 SYSCRO H'FFC4 System
Figure amended

10S enable

0 | The AS/IOS pin functions as the address strobe pin
(Low output when accessing an external area)

i

The AS/IOS pin functions as the I/O strobe pin

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

Note: * Inthe H8S/2148 F-ZTAT A-mask version and H8S/2147 F-ZTAT A-mask version,

the address range is from H'(FF)F000 to H'(FF)F7FF.
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B.3 Functions 1077 TICRROHFFF2 TMRX
TICRFO HFFF3 TMRX
Figure amended
(Before) Stores TCNT value at fall of external trigger input —
(After) Stores TCNT value at fall of external reset input
1080 STR1O H'FFF6 HIF
STR2O H'FFFE HIF
Slave R/W description amended
Bit O (Before) R — (After) RI(W)
C.2 Port 2 Block 1089  Figure C.4 amended
Diagrams
Figure C.4 Port 2 Block ?]%
Diagram (Pin P27) 3
Hardware i
standby :
P27 <d
Appendix F  Product 1128  Package code in table F.1 amended
Code Lineup HD64F2144ATE20 (Before) FP-100B - (After) TFP-100B
Table F.1 H8S/2148 HD64F2144AVFALO (Before) TFP-100B — (After) FP-1008B
Group and H8S/2144
Group Product Code
Lineup
Appendix G Package 1129  Figure G.1 replaced
Dimensions
Figure G.1 Package
Dimensions (FP-100B)
Figure G.2 Package 1130  Figure G.2 replaced

Dimensions (TFP-100B)
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Section 1 Overview

Section1l Overview

11 Overview

This LSl comprise microcomputers (MCUSs) built around the H8S/2000 CPU, employing Renesas
Technology proprietary architecture, and equipped with supporting modules on-chip.

The H85/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip supporting modules required for system configuration include a data transfer controller
(DTC) bus master, ROM and RAM, a 16-hit free-running timer module (FRT), 8-bit timer module
(TMR), watchdog timer module (WDT), two PWM timers (PWM and PWMX), seridl
communication interface (SCI), PS/2-compatible keyboard buffer controller, host interface (HIF),
D/A converter (DAC), A/D converter (ADC), and /O ports. An I°C bus interface (11C) can also be
incorporated as an option.

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

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

The features of thisL S| are shown in table 1.1.

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

Tablel.1 Overview

Item Specifications

CPU .

General-register architecture

ad

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

High-speed operation suitable for real-time control

g
g

Maximum operating frequency: 20 MHz/5 V, 10 MHz/3 V
High-speed arithmetic operations

8/16/32-bit register-register add/subtract: 50 ns (20-MHz operation)
16 x 16-bit register-register multiply: 1000 ns (20-MHz operation)
32 + 16-hit register-register divide: 1000 ns (20-MHz operation)

Instruction set suitable for high-speed operation

O Sixty-five basic instructions
0 8/16/32-hit transfer/arithmetic and logic instructions
O Unsigned/signed multiply and divide instructions
O Powerful bit-manipulation instructions
* Two CPU operating modes
0 Normal mode: 64-kbyte address space
0 Advanced mode: 16-Mbyte address space
Operating modes e Three MCU operating modes
External Data Bus
CPU Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
1 Normal Expanded mode Disabled 8 bhits 16 bits
with on-chip ROM
disabled
2 Advanced Single-chip mode Enabled  None None
Expanded mode Enabled 8 bits 16 bits
with on-chip ROM
enabled
3 Normal Single-chip mode Enabled  None None
Expanded mode Enabled 8 bits 16 bits
with on-chip ROM
enabled
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Section 1 Overview

Iltem

Specifications

Bus controller

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

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

Data transfer
controller (DTC)
(H8S/2148 Group)

Can be activated by internal interrupt or software

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

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

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

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

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

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

Each channel has:

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

Timer connection and
8-bit timer module
(TMR) (2 channels:
TMRX, TMRY)

(Timer connection and
TMRX provided in
H8S/2148 Group)

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

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

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

Determination of input signal duty cycle (TMRX)

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

Automatic generation of cyclical waveform (FRT, TMRY)

Watchdog timer
module
(WDT: 2 channels)

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

8-bit PWM timer
(PWM)

(H8S/2148 Group and ’

H8S/2147N)

Up to 16 outputs

Pulse duty cycle settable from 0 to 100%

Resolution: 1/256

1.25 MHz maximum carrier frequency (20-MHz operation)
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Section 1 Overview

Iltem

Specifications

14-bit PWM timer
(PWMX)

Up to 2 outputs
Resolution: 1/16384
312.5 kHz maximum carrier frequency (20-MHz operation)

Serial communication
interface

(SCI: 2 channels,
SCI0 and SCI1)

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function

SCI with IrDA:
1 channel (SCI2)

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function

Compatible with IrDA specification version 1.0

TxD and RxD encoding/decoding in IrDA format

Keyboard buffer
controller (PS2:

3 channels)
(H8S/2148 Group,
H8S/2147N)

Compatible with PS/2 interface
Direct manipulation of transmission output by software
Receive data input to 8-bit shift register

Data receive completed interrupt, parity error detection, stop bit
monitoring

Host interface (HIF)
(H8S/2148 Group,
H8S/2147N)

8-bit host interface (ISA) port

Five host interrupt requests (HIRQ11, HIRQ1, HIRQ12, HIRQ3,
HIRQ4)

Normal and fast A20 gate output

Four register sets (each comprising two data registers and two status
registers)

Keyboard controller

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

A/D converter

Resolution: 10 bits

Input:

O 8 channels (dedicated analog pins)

0 16 channels (same pins as keyboard sense port)

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

Single or scan mode selectable
Sample-and-hold function
A/D conversion can be activated by external trigger or timer trigger
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Section 1 Overview

Item Specifications

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

I/O ports e 74 input/output pins (including 24 with LED drive capability)
e 8 input-only pins
* VCCB (separate power supply) drive pins among I/O pins (H8S/2148
Group and H8S/2147N)

Memory e Flash memory or mask ROM
* High-speed static RAM
Product Name ROM RAM
H8S/2144, H8S/2148 128 kbytes 4 kbytes
H8S/2143 96 kbytes 4 kbytes
H8S/2142, H8S/2147, 64 kbytes 2 kbytes
H8S/2147N

Interrupt controller * Nine external interrupt pins (NMI, IRQO to IRQ7)
e 44 internal interrupt sources
e Three priority levels settable

Power-down state * Medium-speed mode
e Sleep mode
* Module stop mode
» Software standby mode
« Hardware standby mode
e Subclock operation

Clock pulse generator «  Built-in duty correction circuit

Packages e 100-pin plastic QFP (FP-100B)
* 100-pin plastic TQFP (TFP-100B)
I’C bus interface + Conforms to Philips I°C bus interface standard

(IIC: 2 channels)

(option in H8S/2148
Group and + Arbitration lost condition can be identified

H8S/2147N) + Supports two slave addresses

Single master mode/slave mode
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Section 1 Overview

Iltem

Specifications

Product lineup
(preliminary)

Product Code™

Mask ROM F-ZTAT ROM/RAM
Group Versions Versions (Bytes) Packages
H8S/2148 HD6432148S HD64F2148 128 k/4 k FP-100B,
HD64F2148V*? TFP-100B
HD6432148SW*!  HD64F2148A
HD64F2148AV*?
HD6432147S HD64F2147A 64 k/2 k
HD6432147SW**  HD64F2147AV**
H8S/2147TN — HD64F2147N 64 k/2 k
HDB64F2147NV*?
H8S/2144 HD6432144S HD64F2144 128 k/4 k
HD64F2144V*?
HD64F2144A
HD64F2144AV*?
HD6432143S — 96 k/4 k
HD6432142 HD64F2142R 64 k/2 k
HD64F2142RV*?

Notes: 1. W indicates the I°C bus option.

2. Vindicates the 3-V version. Please refer to appendix F, Product

Code Lineup.
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Section 1 Overview

12 Internal Block Diagram

Aninternal block diagram of the H8S/2148 Group is shown in figure 1.1 (a), an internal block
diagram of the H8S/2147N is shown in figure 1.1 (b), and an internal block diagram of the
H8S5/2144 Group in figure 1.1 (c).
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Figurel.1(a) Internal Block Diagram of H85/2148 Group
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Figure1.1(b) Internal Block Diagram of H8S/2147N
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Figurel1l.1(c) Internal Block Diagram of H85/2144 Group
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Section 1 Overview

1.3 Pin Arrangement and Functions

131 Pin Arrangement

The pin arrangement of the H852148 Group is shown in figure 1.2 (a), the pin arrangement of the
H8S/2147N isshown in figure 1.2 (b), and the pin arrangement of the H85/2144 Group in figure
1.2 (c).

[ 1 P27/A15/PW15/CBLANK
[ ] P45/TMRI1/HIRQ12/CSYNCI
[ ] P44/TMO1/HIRQ1/HSYNCO
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[ 1 P15/A5/PW5
[ 1 P16/A6/PW6
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Figurel.2 (a) Pin Arrangement of H85/2148 Group (FP-100B, TFP-100B: Top View)
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Figure1.2 (b) Pin Arrangement of H8S/2147N (FP-100B, TFP-100B: Top View)
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Figurel1.2 (c) Pin Arrangement of H85/2144 Group (FP-100B, TFP-100B: Top View)
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132 Pin Functionsin Each Operating Mode

Tables 1.2 (a), (b) and (c) show the pin functions of the H85/2148 Group, H85/2147N, and
H8S/2144 Group in each of the operating modes.

Table 1.2 (a) H8S/2148 Group Pin Functionsin Each Operating M ode

Pin Name
Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE = 0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE=1) Mode 3 (EXPE = 0) Writer Mode
1 RES RES RES RES
2 XTAL XTAL XTAL XTAL
3 EXTAL EXTAL EXTAL EXTAL
4 VCCB VCCB VCCB vCC
5 MD1 MD1 MD1 VSS
6 MDO MDO MDO VSS
7 NMI NMI NMI FA9
8 STBY STBY STBY VCC
9 VCC2 (VCL) VCC2 (VCL) VCC2 (VCL) vCC
10 PA7/CIN15/ A23/PA7/CIN15/ PA7/CIN15/ NC
KIN15/PS2CD  KIN15/PS2CD KIN15/PS2CD
11 PAGB/CIN14/ A22/PAG/CIN14/ PAG6/CIN14/ NC
KINT14/PS2CcC  KINT4/PS2CC KIN14/PS2CC
12 P52/SCKO/SCLO P52/SCKO0/SCLO P52/SCKO0/SCLO NC
13 P51/RxD0 P51/RxD0 P51/RxD0 FA17
14 P50/TxDO P50/TxDO P50/TxD0 NC
15 VSS VSS VSS VSS
16 P97/ WAIT/SDA0 P97/WAIT/SDAO P97/SDAO vcc
17 P96/QEXCL P96/QEXCL P96/@EXCL NC
18 AS/I0S AS/I0S P95/CS1 FA16
19 HWR HWR P94/10W FA15
20 PA5/CIN13/ A21/PA5/CIN13/ PA5/CIN13/ NC
KIN13/PS2BD  KIN13/PS2BD KIN13/PS2BD
21 PA4/CIN12/ A20/PAAICIN12/ PA4/CIN12/ NC

KIN12/PS2BC

KIN12/PS2BC

KIN12/PS2BC
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Pin Name
Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode
22 RD RD P93/IOR WE
23 P92/IRQO P92/IRQO P92/IRQ0 VSS
24 P91/IRQ1 P91/IRQ1 P91/IRQ1 VCC
25 LWR/P90/IRQ2/ LWR/P90/IRQ2/ P90/IRQ2/ADTRG/ VCC
ADTRG ADTRG ECS2
26 P60/FTCI/CINO/  P60/FTCI/CINO/ P60/FTCI/CINO/ NC
KINO/TMIX/ KINO/TMIX/ KINO/TMIX/
HFBACKI HFBACKI HFBACKI
27 P61/FTOA/CIN1/ P61/FTOA/CINL/ P61/FTOA/CINL/ NC
KINT/VSYNCO  KIN1/VSYNCO KIN1/VSYNCO
28 P62/FTIA/CIN2/  P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
KIN2/TMIY/ KIN2/TMIY/ KIN2/TMIY/
VSYNCI VSYNCI VSYNCI
29 P63/FTIB/CIN3/ P63/FTIB/CIN3/ P63/FTIB/CINI/ NC
KIN3/VFBACKI  KIN3/VFBACKI KIN3/VFBACKI
30 PA3/CIN11/ A19/PA3/CIN11/ PA3/CIN11/ NC
KIN11/PS2AD KIN11/PS2AD KIN11/PS2AD
31 PA2/CIN10/ A18/PA2/CIN10/ PA2/CIN10/ NC
KIN10/PS2AC KIN10/PS2AC KIN10/PS2AC
32 P64/FTIC/CIN4/  P64/FTIC/CIN4/ P64/FTIC/CIN4/ NC
KIN4/CLAMPO  KIN4/CLAMPO KIN4/CLAMPO
33 P65/FTID/CIN5/  P65/FTID/CINS/ P65/FTID/CIN5/ NC
KIN5 KIN5 KIN5
34 P66/FTOB/CING/ P66/FTOB/CING/ P66/FTOB/CING/ NC
KIN6/IRQ6 KIN6/IRQ6 KIN6/IRQ6
35 P67/TMOX/CIN7/ P67/TMOX/CIN7/ P67/TMOX/CIN7/ VSS
KIN7/IRQ7 KIN7/IRQ7 KIN7/IRQ7
36 AVref AVref AVref VCC
37 AVCC AVCC AVCC VCC
38 P70/ANO P70/ANO P70/ANO NC
39 P71/AN1 P71/AN1 P71/AN1 NC
40 P72/AN2 P72/AN2 P72/AN2 NC
41 P73/AN3 P73/AN3 P73/AN3 NC
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Section 1 Overview

Pin Name

Pin No. Expanded Modes Single-Chip Modes

FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory

TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode

42 P74/AN4 P74/AN4 P74/AN4 NC

43 P75/AN5 P75/AN5 P75/AN5 NC

44 P76/AN6/DAO P76/AN6/DAO P76/AN6/DAO NC

45 P77/AN7/DA1 P77/AN7/DA1 P77/AN7/DA1 NC

46 AVSS AVSS AVSS VSS

47 PA1/CIN9/KIN9  A17/PA1/CIN9/ PA1/CIN9/KIN9 NC

KIN9

48 PAO/CIN8S/KIN8  A16/PAO/CINS/KIN8 PAO/CINS/KIN8 NC

49 P40/TMCI0/ P40/TMCI0/ P40/TMCI0/ NC
TxD2/IrTxD TxD2/IrTxD TxD2/IrTxD

50 P41/TMO0/ P41/TMO0/ P41/TMO0/ NC
RxD2/IrRxD RxD2/IrRxD RxD2/IrRxD

51 P42/TMRI0/ P42/TMRI0/ P42/TMRI0/ NC
SCK2/SDA1 SCK2/SDA1 SCK2/SDA1

52 P43/TMCI1/ P43/TMCI1/ P43/TMCI1/HIRQ11/ NC
HSYNCI HSYNCI HSYNCI

53 P44/TMO1/ P44/TMO1/ P44/TMO1/HIRQL/ NC
HSYNCO HSYNCO HSYNCO

54 P45/TMRI1/ P45/TMRI1/ P45/TMRI1/HIRQ12/ NC
CSYNCI CSYNCI CSYNCI

55 P46/PWX0 P46/PWX0 P46/PWX0 NC

56 P47/PWX1 P47/PWX1 P47/PWX1 NC

57 PB7/D7 PB7/D7 PB7 NC

58 PB6/D6 PB6/D6 PB6 NC

59 VCC1 VCC1 VCC1 VCC

60 Al5 A15/P27/PW15/ P27/PW15/ CE

CBLANK CBLANK

61 Al4 Al14/P26/PW14 P26/PW14 FA14

62 Al13 A13/P25/PW13 P25/PW13 FA13

63 Al2 Al12/P24/PW12 P24/PW12 FA12

64 All Al11/P23/PW11 P23/PW11 FA11
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Section 1 Overview

Pin Name
Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode
65 A10 A10/P22/PW10 P22/PW10 FA10
66 A9 A9/P21/PW9 P21/PW9 OE
67 A8 A8/P20/PW8 P20/PW8 FA8
68 PB5/D5 PB5/D5 PB5 NC
69 PB4/D4 PB4/D4 PB4 NC
70 VSS VSS VSS VSS
71 VSS VSS VSS VSS
72 A7 A7/P17/PW7 P17/PW7 FA7
73 A6 A6/P16/PW6 P16/PW6 FA6
74 A5 A5/P15/PW5 P15/PW5 FA5
75 Ad A4/P14/PW4 P14/PW4 FA4
76 A3 A3/P13/PW3 P13/PW3 FA3
77 A2 A2/P12/PW2 P12/PW2 FA2
78 Al A1/P11/PW1 P11/PW1 FAl
79 A0 A0/P10/PWO P10/PWO FAO
80 PB3/D3 PB3/D3 PB3/CS4 NC
81 PB2/D2 PB2/D2 PB2/CS3 NC
82 D8 D8 P30/HDBO FOO
83 D9 D9 P31/HDB1 FO1
84 D10 D10 P32/HDB2 FO2
85 D11 D11 P33/HDB3 FO3
86 D12 D12 P34/HDB4 FO4
87 D13 D13 P35/HDB5 FO5
88 D14 D14 P36/HDB6 FO6
89 D15 D15 P37/HDB7 FO7
90 PB1/D1 PB1/D1 PB1/HIRQ4 NC
91 PBO/DO PB0O/DO PBO/HIRQ3 NC
92 VSS VSS VSS VSS
93 P80 P80 P80/HAO NC
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Section 1 Overview

Pin Name

Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode
94 P81 P81 P81/CS2/GA20 NC
95 P82 P82 P82/HIFSD NC
96 P83 P83 P83 NC
97 P84/IRQ3/TxD1  P84/IRQ3/TxD1 P84/IRQ3/TxD1 NC
98 P85/IRQ4/RxD1  P85/IRQ4/RxD1 P85/IRQ4/RxD1 NC
99 P86/IRQ5/SCK1/ P86/IRQ5/SCK1/ P86/IRQ5/SCK1/ NC

SCL1 SCL1 SCL1
100 RESO RESO RESO NC
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Section 1 Overview

Table 1.2 (b) H8S/2147N Pin Functionsin Each Operating Mode

Pin Name
Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE = 0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE =0) Writer Mode
1 RES RES RES RES
2 XTAL XTAL XTAL XTAL
3 EXTAL EXTAL EXTAL EXTAL
4 VCCB VCCB VCCB vCC
5 MD1 MD1 MD1 VSS
6 MDO MDO MDO VSS
7 NMI NMI NMI FA9
8 STBY STBY STBY VCC
9 vCC2 VCC2 vCC2 vCC
10 PA7/CIN15/ A23/PA7/CIN15/ PA7/CIN15/ NC
KIN15/PS2CD  KIN15/PS2CD KIN15/PS2CD
11 PAB/CIN14/ A22/PA6/CIN14/ PAG/CIN14/ NC
KIN14/PS2CC  KINT14/PS2CC KIN14/PS2CC
12 P52/SCKO/SCLO P52/SCKO0/SCLO P52/SCKO0/SCLO NC
13 P51/RxD0 P51/RxD0 P51/RxD0 FA17
14 P50/TxDO0 P50/TxDO P50/TxDO0 NC
15 VSS VSS VSS VSS
16 P97/ WAIT/SDA0 P97/WAIT/SDAO P97/SDAO vcc
17 @P96/EXCL @P96/EXCL P96/@EXCL NC
18 AS/I0S AS/I0S P95/CS1 FA16
19 HWR HWR P94/10W FA15
20 PA5/CIN13/ A21/PA5/CIN13/ PA5/CIN13/ NC
KIN13/PS2BD  KIN13/PS2BD KIN13/PS2BD
21 PA4/CIN12/ A20/PA4/CIN12/ PA4/CIN12/ NC
KIN12/PS2BC  KIN12/PS2BC KIN12/PS2BC
22 RD RD P93/IOR WE
23 P92/IRQ0 P92/IRQ0 P92/IRQO VSS
24 P91/IRQT P91/IRQ1 P91/IRQT \Y/ole:
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Section 1 Overview

Pin Name

Pin No. Expanded Modes Single-Chip Modes

FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory

TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode

25 LWR/P90/IRQ2/ LWR/P90/IRQ2/ P90/IRQ2/ADTRG/ VCC
ADTRG ADTRG ECS2

26 P60/FTCI/CINO/  P60/FTCI/CINO/ P60/FTCI/CINO/ NC
KINO KINO KINO

27 P61/FTOA/CIN1/ P61/FTOA/CINL/ P61/FTOA/CINL/ NC
KIN1 KIN1 KIN1

28 P62/FTIA/CIN2/  P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
KIN2/TMIY KIN2/TMIY KIN2/TMIY

29 P63/FTIB/CIN3/ P63/FTIB/CIN3/ P63/FTIB/CINS/ NC
KIN3 KIN3 KIN3

30 PA3/CIN11/ A19/PA3/CIN11/ PA3/CIN11/ NC
KIN11/PS2AD KIN11/PS2AD KIN11/PS2AD

31 PA2/CIN10/ A18/PA2/CIN10/ PA2/CIN10/ NC
KIN10/PS2AC KIN10/PS2AC KIN10/PS2AC

32 P64/FTIC/CIN4/  P64/FTIC/CIN4/ P64/FTIC/CIN4/ NC
KIN4 KIN4 KIN4

33 P65/FTID/CIN5/  P65/FTID/CINS/ P65/FTID/CINS/ NC
KIN5 KIN5 KIN5

34 P66/FTOB/CING/ P66/FTOB/CING/ P66/FTOB/CING/ NC
KIN6/IRQ6 KIN6/IRQ6 KIN6/IRQ6

35 P67/CIN7/KIN7/  P67/CIN7/KIN7/ P67/CIN7/KIN7/ VSS
IRQ7 IRQ7 IRQ7

36 AVref AVref AVref VCC

37 AVCC AVCC AVCC VCC

38 P70/ANO P70/ANO P70/ANO NC

39 P71/AN1 P71/AN1 P71/AN1 NC

40 P72/AN2 P72/AN2 P72/AN2 NC

41 P73/AN3 P73/AN3 P73/AN3 NC

42 P74/AN4 P74/AN4 P74/AN4 NC

43 P75/AN5 P75/AN5 P75/AN5 NC

44 P76/AN6/DAO P76/AN6/DAO P76/AN6/DAO NC

45 P77/AN7/DA1 P77/AN7/DA1 P77/AN7/DA1 NC
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Section 1 Overview

Pin Name
Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode
46 AVSS AVSS AVSS VSS
47 PA1/CIN9/KING  A17/PA1/CIN9/ PA1/CIN9/KING NC
KIN9
48 PAO/CINS/KIN8  A16/PAO/CINS/KINS  PAO/CINS/KINS NC
49 P40/TMCI0/ P40/TMCI0/ P40/TMCI0/ NC
TXD2/IrTxD TXD2/IrTxD TxD2/IrTxD
50 P41/TMOO0/ P41/TMOO0/ P41/TMOO0/ NC
RxD2/IrRxD RxD2/IrRxD RxD2/IrRxD
51 P42/TMRI0/ P42/TMRIO/ P42/TMRI0/ NC
SCK2/SDA1 SCK2/SDA1 SCK2/SDA1
52 P43/TMCI1 P43/TMCI1 P43/TMCI1/HIRQ11 NC
53 P44/TMO1 P44/TMO1 P44/TMO1/HIRQ1 NC
54 P45/TMRI1 P45/TMRI1 P45/TMRI1/HIRQ12 NC
55 P46/PWX0 P46/PWX0 P46/PWXO0 NC
56 P47/PWX1 P47/PWX1 P47/PWX1 NC
57 PB7/D7 PB7/D7 PB7 NC
58 PB6/D6 PB6/D6 PB6 NC
59 VCC1 VCC1 VCC1 VCC
60 Al5 A15/P27/PW15 P27/PW15 CE
61 Al4 Al4/P26/PW14 P26/PW14 FAl14
62 Al3 A13/P25/PW13 P25/PW13 FA13
63 Al2 Al12/P24/PW12 P24/PW12 FA12
64 All Al11/P23/PW11 P23/PW11 FA11l
65 Al10 Al10/P22/PW10 P22/PW10 FA10
66 A9 A9/P21/PW9 P21/PW9 OE
67 A8 A8/P20/PW8 P20/PW8 FA8
68 PB5/D5 PB5/D5 PB5 NC
69 PB4/D4 PB4/D4 PB4 NC
70 VSS VSS VSS VSS
71 VSS VSS VSS VSS
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Section 1 Overview

Pin Name

Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode
72 A7 A7/P17/PW7 P17/PW7 FA7
73 A6 AB/P16/PW6 P16/PW6 FA6
74 A5 A5/P15/PW5 P15/PW5 FA5
75 A4 A4/IP14/PW4 P14/PW4 FA4
76 A3 A3/P13/PW3 P13/PW3 FA3
77 A2 A2/P12/PW2 P12/PW2 FA2
78 Al A1l/P11/PW1 P11/PW1 FA1
79 A0 AO0/P10/PWO P10/PWO FAO
80 PB3/D3 PB3/D3 PB3/CS4 NC
81 PB2/D2 PB2/D2 PB2/CS3 NC
82 D8 D8 P30/HDBO FOO
83 D9 D9 P31/HDB1 FO1
84 D10 D10 P32/HDB2 FO2
85 D11 D11 P33/HDB3 FO3
86 D12 D12 P34/HDB4 FO4
87 D13 D13 P35/HDB5 FO5
88 D14 D14 P36/HDB6 FO6
89 D15 D15 P37/HDB7 FO7
90 PB1/D1 PB1/D1 PB1/HIRQ4 NC
91 PB0/DO PB0/DO PBO/HIRQ3 NC
92 VSS VSS VSS VSS
93 P80 P80 P80/HAQ NC
94 P81 P81 P81/CS2/GA20 NC
95 P82 P82 P82/HIFSD NC
96 P83 P83 P83 NC
97 P84/IRQ3/TxD1  P84/IRQ3/TxD1 P84/IRQ3/TxD1 NC
98 P85/IRQ4/RxD1  P85/IRQ4/RxD1 P85/IRQ4/RxD1 NC
99 P86/IRQ5/SCK1/ P86/IRQ5/SCK1/ P86/IRQ5/SCK1/ NC

SCL1 scL1 SCL1
100 RESO RESO RESO NC
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Section 1 Overview

Table 1.2 (c) H8S/2144 Group Pin Functionsin Each Operating Mode

Pin Name
Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE = 0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE =0) Writer Mode
1 RES RES RES RES
2 XTAL XTAL XTAL XTAL
3 EXTAL EXTAL EXTAL EXTAL
4 VCC1 VCC1 vCC1 vCC
5 MD1 MD1 MD1 VSS
6 MDO MDO MDO VSS
7 NMI NMI NMI FA9
8 STBY STBY STBY VCC
9 VCC2 (VCL) VCC2 (VCL) VCC2 (VCL) vCC
10 PA7/CIN15/ A23/PA7/CIN15/ PA7/CIN15/ NC
KIN15 KIN15 KIN15
11 PAB/CIN14/ A22/PA6/CIN14/ PAG/CIN14/ NC
KIN14 KIN14 KIN14
12 P52/SCKO P52/SCKO P52/SCKO NC
13 P51/RxD0 P51/RxD0 P51/RxDO0 FA17
14 P50/TxDO0 P50/TxDO P50/TxDO0 NC
15 VSS VSS VSS VSS
16 P97/ WAIT P97/ WAIT P97 vcc
17 @P96/EXCL @P96/EXCL P96/@EXCL NC
18 AS/I0S AS/I0S P95 FA16
19 HWR HWR P94 FA15
20 PA5/CIN13/ A21/PA5/CIN13/ PA5/CIN13/ NC
KIN13 KIN13 KIN13
21 PA4/CIN12/ A20/PA4/CIN12/ PA4/CIN12/KIN12 NC
KIN12 KINT2
22 RD RD P93 WE
23 P92/IRQ0 P92/IRQ0 P92/IRQO VSS
24 P91/IRQT P91/IRQ1 P91/1RQT \Y/ole:
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Section 1 Overview

Pin Name

Pin No. Expanded Modes Single-Chip Modes

FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory

TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode

25 LWR/P90/IRQ2/ LWR/P90/IRQ2/ P90/IRQ2/ADTRG VCC
ADTRG ADTRG

26 P60O/FTCI/CINO/ P60/FTCI/CINO/ P60/FTCI/CINO/ NC
KINO KINO KINO

27 P61/FTOA/ P61/FTOA/CIN1/ P61/FTOA/CIN1/ NC
CIN1/KINA KIN1 KIN1

28 P62/FTIA/CIN2/ P62/FTIA/CIN2/ P62/FTIA/CIN2/ NC
KIN2/TMIY KIN2/TMIY KIN2/TMIY

29 P63/FTIB/CIN3/ P63/FTIB/CIN3/ P63/FTIB/CIN3/ NC
KIN3 KIN3 KIN3

30 PA3/CIN11/ A19/PA3/CIN11/ PA3/CIN11/ NC
KIN11 KIN11 KIN11

31 PA2/CIN10/ A18/PA2/CIN10/ PA2/CIN10/ NC
KIN10 KIN10 KIN10

32 P64/FTIC/CIN4/  P64/FTIC/CIN4/ P64/FTIC/CIN4/ NC
KIN4 KIN4 KIN4

33 P65/FTID/CIN5/  P65/FTID/CINS/ P65/FTID/CINS/ NC
KIN5 KIN5 KIN5

34 P66/FTOB/CIN6/ P66/FTOB/CING/ P66/FTOB/CING/ NC
KIN6/IRQ6 KIN6/IRQ6 KIN6/IRQ6

35 P67/CIN7/KIN7/ P67/CIN7/KIN7/ P67/CIN7/KIN7/ VSS
IRQ7 IRQ7 IRQ7

36 AVref AVref AVref VCC

37 AVCC AVCC AVCC VCC

38 P70/ANO P70/ANO P70/ANO NC

39 P71/AN1 P71/AN1 P71/AN1 NC

40 P72/AN2 P72/AN2 P72/AN2 NC

41 P73/AN3 P73/AN3 P73/AN3 NC

42 P74/AN4 P74/AN4 P74/AN4 NC

43 P75/AN5 P75/AN5 P75/AN5 NC

44 P76/AN6/DAO P76/AN6/DAO P76/AN6/DAO NC

45 P77/AN7/DA1 P77/AN7/DA1 P77/AN7/DA1 NC
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Section 1 Overview

Pin Name

Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode
46 AVSS AVSS AVSS VSS
47 PAL/CIN9/KING  A17/PAL/CIN9/KING PA1/CIN9/KING NC
48 PAO/CINS/KIN8  A16/PAO/CINS/KINS  PAO/CINS/KINS NC
49 P40/TMCI0/ P40/TMCI0/ P40/TMCI0/ NC

TXD2/IrTxD TXD2/IrTxD TxD2/IrTxD
50 P41/TMOO0/ P41/TMOO0/ P41/TMOO0/ NC

RxD2/IrRxD RxD2/IrRxD RxD2/IrRxD
51 P42/TMRIO/ P42/TMRIO/ P42/TMRI0/ NC

SCK2 SCK2 SCK2
52 P43/TMCI1 P43/TMCI1 P43/TMCI1 NC
53 P44/TMO1 P44/TMO1 P44/TMO1 NC
54 P45/TMRI1 P45/TMRI1 P45/TMRI1 NC
55 P46/PWX0 P46/PWX0 P46/PWX0 NC
56 P47/PWX1 P47/PWX1 P47/PWX1 NC
57 PB7/D7 PB7/D7 PB7 NC
58 PB6/D6 PB6/D6 PB6 NC
59 VCC1 VCC1 VCC1 VCC
60 Al5 A15/P27 P27 CE
61 Al4 Al4/P26 P26 FA14
62 Al3 A13/P25 P25 FA13
63 Al2 Al2/P24 P24 FA12
64 All Al11/P23 P23 FA11
65 Al10 A10/P22 P22 FA10
66 A9 A9/P21 P21 OE
67 A8 A8/P20 P20 FA8
68 PB5/D5 PB5/D5 PB5 NC
69 PB4/D4 PB4/D4 PB4 NC
70 VSS VSS VSS VSS
71 VSS VSS VSS VSS
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Section 1 Overview

Pin Name
Pin No. Expanded Modes Single-Chip Modes
FP-100B Mode 2 (EXPE =1) Mode 2 (EXPE =0) Flash Memory
TFP-100B Mode 1 Mode 3 (EXPE =1) Mode 3 (EXPE = 0) Writer Mode
72 A7 A7/P17 P17 FA7
73 A6 A6/P16 P16 FA6
74 A5 A5/P15 P15 FA5
75 Ad A4/P14 P14 FA4
76 A3 A3/P13 P13 FA3
77 A2 A2/P12 P12 FA2
78 Al A1/P11 P11 FA1
79 A0 AO/P10 P10 FAO
80 PB3/D3 PB3/D3 PB3 NC
81 PB2/D2 PB2/D2 PB2 NC
82 D8 D8 P30 FOO
83 D9 D9 P31 FO1
84 D10 D10 P32 FO2
85 D11 D11 P33 FO3
86 D12 D12 P34 FO4
87 D13 D13 P35 FO5
88 D14 D14 P36 FO6
89 D15 D15 P37 FO7
90 PB1/D1 PB1/D1 PB1 NC
91 PB0/DO PBO/DO PBO NC
92 VSS VSS VSS VSS
93 P80 P80 P80 NC
94 P81 P81 P81 NC
95 P82 P82 P82 NC
96 P83 P83 P83 NC
97 P84/IRQ3/TxD1  P84/IRQ3/TxD1 P84/IRQ3/TxD1 NC
98 P85/IRQ4/RxD1  P85/IRQ4/RxD1 P85/IRQ4/RxD1 NC
99 P86/IRQ5/SCK1  P86/IRQ5/SCK1 P86/IRQ5/SCK1 NC
100 RESO RESO RESO NC
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Section 1 Overview

1.3.3 Pin Functions

Table 1.3 summarizes the pin functions of thisLSI.

Table1.3 Pin Functions
Pin No.
FP-100B

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

Power VCC1 4 [H8S/2144 Input  Power supply: For connection to the power supply.

supply Group only], All VCC1 and VCC2" pins should be connected to

59 the system power supply.

vVCC2 9"

VCL 9* Input  Internal step-down voltage pin: A power supply
pin for the product, applicable to product lines that
have an internal step-down voltage. In the 5-V and
4-V versions, connect external capacitors to
stabilize the internal step-down voltage between
this pin and the VSS pin. Do not connect it to Vcc.
In the 3-V version, connect this pin and the VCC1
pin to the power supply for the system. For details,
See section 26, Electrical Characteristics.

VCCB 4 [H8S/2148 Input  Input/output buffer power supply: Power supply

Group and pin for the port A input/output buffer.
H8S/2147N
only]
VSS 15, 70 Input  Ground: All VSS pins should be connected to the
71,92 system power supply (0 V).

Clock XTAL 2 Input  Connected to a crystal oscillator. See section 24,
Clock Pulse Generator, for typical connection
diagrams for a crystal oscillator and external clock
input.

EXTAL 3 Input  Connected to a crystal oscillator. The EXTAL pin
can also input an external clock. See section 24,
Clock Pulse Generator, for typical connection
diagrams for a crystal oscillator and external clock
input.

® 17 Output System clock: Supplies the system clock to
external devices.

EXCL 17 Input  External subclock input: Input a 32.768 kHz

external subclock.
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Section 1 Overview

Pin No.
FP-100B
Type Symbol TFP-100B /O Name and Function
Operating  MD1 5 Input  Mode pins: These pins set the operating mode.
mode MDO 6 The relation between the settings of pins MD1 and
control MDO and the operating mode is shown below.
These pins should not be changed while the MCU
is operating.
Operating
MD1 MDO Mode Description
0 1 Mode 1 Normal
Expanded mode with
on-chip ROM disabled
1 0 Mode 2 Advanced
Expanded mode with
on-chip ROM enabled or
single-chip mode
1 1 Mode 3 Normal
Expanded mode with
on-chip ROM enabled or
single-chip mode
System RES 1 Input  Reset input: When this pin is driven low, the chip is
control reset.
RESO 100 Output Reset output: Outputs reset signal to external
device.
STBY 8 Input  Standby: When this pin is driven low, a transition is
made to hardware standby mode.
Address A23 to 10, 11, 20, Output Address bus (advanced): Outputs address when
bus Al16 21, 30, 31, 16-Mbyte space is used.
47,48
A15 to 60 to 67, Output Address bus: These pins output an address.
AO 72t0 79
Data bus D15 to 89 to 82 Input/  Data bus (upper): Bidirectional data bus.
D8 output Used for 8-bit data and upper byte of 16-bit data.
D7 to 57,58,68, Input/ Databus (lower): Bidirectional data bus.
DO 69, 80, 81, output Used for lower byte of 16-bit data.
90, 91
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Pin No.
FP-100B
Type Symbol TFP-100B /O Name and Function
Bus control  WAIT 16 Input  Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address
space.

RD 22 Output Read: When this pin is low, it indicates that the
external address space is being read.

HWR 19 Output High write: When this pin is low, it indicates that
the external address space is being written to. The
upper half of the data bus is valid.

LWR 25 Output Low write: When this pin is low, it indicates that the
external address space is being written to. The
lower half of the data bus is valid.

AS/I0S 18 Output Address strobe: When this pin is low, it indicates
that address output on the address bus is valid.

Interrupt NMI 7 Input  Nonmaskable interrupt: Requests a nonmaskable
signals interrupt.

IRQOto 23 to 25, Input  Interrupt request 0 to 7: These pins request a

IRQ7 97 to 99, maskable interrupt.

34, 35
16-bit free- FTCI 26 Input  FRT counter clock input: Input pin for an external
running clock signal for the free-running counter (FRC).
timer (FRT) FTOA 27 Output FRT output compare A output: The output
compare A output pin.

FTOB 34 Output FRT output compare B output: The output
compare B output pin.

FTIA 28 Input  FRT input capture A input: The input capture A
input pin.

FTIB 29 Input  FRT input capture B input: The input capture B
input pin.

FTIC 32 Input  FRT input capture C input: The input capture C
input pin.

FTID 33 Input  FRT input capture D input: The input capture D

input pin.
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Pin No.
FP-100B
Type Symbol TFP-100B /O Name and Function
8-bit timer  TMOO 50 Output Compare-match output: TMRO, TMR1, and TMRX
(TMRO, TMO1 53 compare-match output pins.
TMR1, TMOX 35
TMRX, TMCIO 49 Input  Counter external clock input: Input pins for the
TMRY) TMCI1 52 external clock input to the TMRO and TMR1
counters.
TMRIO 51 Input  Counter external reset input: TMRO and TMR1
TMRI1 54 counter reset input pins.
TMIX 26 Input  Counter external clock input and reset input:
T™MIY 28 Dual function as TMRX and TMRY counter clock
input pin and reset input pin.
PWM timer PW15to 60to 67, Output PWM timer output: PWM timer pulse output pins.
(PWM) PWO 72t0 79
14-bit PWM PWXO0 55 Output PWMX timer output: PWM D/A pulse output pins.
timer PWX1 56
(PWMX)
Serial com- TxDO0 14 Output Transmit data: Data output pins.
munication TxD1 97
interface TxD2 49
(SCI0, SCl1, RxDO0 13 Input  Receive data: Data input pins.
SCi2) RxD1 98
RxD2 50
SCKO 12 Input/  Serial clock: Clock input/output pins.
SCK1 99 output  1he SCKO output type is NMOS push-pull in the
SCkz 51 H8S/2148 Group and H8S/2147N, and is CMOS
output in the H8S/2144 Group.
SCI with IrTxD 49 Output IrDA transmit data/receive data: Input and output
IrDA (SCI2) IrRxD 50 Input  pins for data encoded for IrDA use.
Keyboard PS2AC 31 Input/  PS2 clock: Keyboard buffer controller
Buffer PS2BC 21 output synchronization clock input/output pins.
controller pPs2cCc 11
(PS2) PS2AD 30 Input/ PS2 data: Keyboard buffer controller data
PS2BD 20 output input/output pins.
PS2CD 10
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Pin No.
FP-100B
Type Symbol TFP-100B 1/O Name and Function
Host HDB7to 89to 82 Input/ Host interface data bus: Bidirectional 8-bit bus for
interface HDBO output accessing the host interface.
(HIF) CSt, 18,94,25 Input Chip select 1, 2, 3, and 4: Input pins for selecting
CS2, 81, 80 host interface channel 1 to 4.
ECS2
CSs3,
CS4
IOR 22 Input  1/O read: Input pin that enables reading from the
host interface.
IOW 19 Input  1/O write: Input pin that enables writing to the host
interface.
HAO 93 Input  Command/data: Input pin that indicates whether
an access is a data access or command access.
GA20 94 Output GATE A20: A20 gate control signal output pin.
HIRQ11 52 Output Host interrupt 11, 1, 12, 3, and 4: Output pins for
HIRQ1 53 interrupt requests to the host.
HIRQ12 54
HIRQ3 91
HIRQ4 20
HIFSD 95 Input  Host interface shutdown: Control input pin used
to place host interface input/output pins in the high-
impedance/cutoff state.
Keyboard KINOto 26 to 29, Input  Keyboard input: Matrix keyboard input pins.
control KIN15 3210 35, 48, Normally, P10 to P17 and P20 to P27 are used as
47, 31, 30, key-scan outputs. This enables a maximum 16-
21, 20, 11, output x 16-input, 256-key matrix to be configured.
10
A/D AN7 to 45 to 38 Input  Analog input: A/D converter analog input pins.
converter ANO
(ADC) CINOto 26to 29, Input  Expansion A/D inputs: Expansion A/D input pins
CIN15 32 to 35, can be connected to the A/D converter, but since
48, 47, 31, they are also used as digital input/output pins,
30, 21, 20, precision will fall.
11, 10
ADTRG 25 Input  A/D conversion external trigger input: Pin for

input of an external trigger to start A/D conversion.
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Pin No.
FP-100B
Type Symbol TFP-100B 1/O Name and Function
D/IA DAO 44 Output Analog output: D/A converter analog output pins.
converter DAl 45
(DAC)
A/D AVCC 37 Input  Analog reference voltage: The analog power
converter supply pin for the A/D converter and D/A converter.
D/A When the A/D and D/A converters are not used, this
converter pin should be connected to the system power
supply (+5 V or +3 V).
AVref 36 Input  Analog reference voltage: The reference power
supply pin for the A/D converter and D/A converter.
When the A/D and D/A converters are not used, this
pin should be connected to the system power
supply (+5 V or +3 V).
AVSS 46 Input  Analog ground: The ground pin for the A/D
converter and D/A converter. This pin should be
connected to the system power supply (0 V).
Timer VSYNCI, 28 Input  Timer connection input: Timer connection
connection HSYNCI, 52 synchronous signal input pins.
CSYNCI, 54
VFBACKI, 29
HFBACKI 26
VSYNCO, 27 Output Timer connection output: Timer connection
HSYNCO, 53 synchronous signal output pins.
CLAMPO, 32
CBLANK 60
I°C bus SCLO 12 Input/  I°C clock input/output (channels 0 and 1): I’C
interface SCL1 99 output clock I/O pins. These pins have a bus drive
(e function.
(option) The SCLO output form is NMOS open-drain
SDAO 16 Input/  I°C data input/output (channels 0 and 1): I°C data
SDA1 51 output 1/O pins. These pins have a bus drive function.

The SDAO output form is NMOS open-drain.
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Pin No.
FP-100B
Type Symbol TFP-100B 1/O Name and Function
I/O ports P17 to 72t0 79 Input/  Port 1: Eight input/output pins. The data direction of

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

P27 to 60 to 67 Input/  Port 2: Eight input/output pins. The data direction of

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

P37 to 89 to 82 Input/  Port 3: Eight input/output pins. The data direction of

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

P47 to 56 to 49 Input/  Port 4: Eight input/output pins. The data direction of

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

P52 to 12to 14 Input/  Port 5: Three input/output pins. The data direction

P50 output of each pin can be selected in the port 5 data
direction register (P5DDR). P52 is an NMOS push-
pull output in the H8S/2148 Group and H8S/2147N,
and is a CMOS output in the H8S/2144 Group.

P67 to 3510 32 Input/  Port 6: Eight input/output pins. The data direction of

P60 29 to 26 output each pin can be selected in the port 6 data direction
register (P6DDR). These pins have built-in MOS
input pull-ups.

P77 to 45 to 38 Input  Port 7: Eight input pins.

P70

P86 to 99t0 93 Input/  Port 8: Seven input/output pins. The data direction

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

P97 to 16to 19 Input/  Port 9: Eight input/output pins. The data direction of

P90 22t0 25 output each pin (except P96) can be selected in the port 9

data direction register (P9DDR). P97 is an NMOS
push-pull output in the H8S/2148 Group and
H8S/2147N, and is a CMOS output in the H8S/2144
Group.
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Pin No.
FP-100B
Type Symbol TFP-100B 1/O Name and Function
I/O ports PAT to 10, 11, 20, Input/ Port A: Eight input/output pins. The data direction
PAO 21, 30,31, output of each pincan be selected in the port A data
47, 48 direction register (PADDR). These pins have built-in
MOS input pull-ups. These are the VCCB drive
pins. [H8S/2148 Group and H8S/2147N only]
PB7 to 57,58, 68, Input/ Port B: Eight input/output pins. The data direction
PBO 69, 80, 81, output of each pin can be selected in the port B data
90, 91 direction register (PBDDR). These pins have built-in

MOS input pull-ups.

Note: * InF-ZTAT and mask ROM versions of HD64F2148A, HD64F2147A, HD64F2144A,
HD6432148S, HD6432148SW, HD6432147S, HD6432147SW, HD6432144S,
HD6432143S pin NO.9 is VCL pin and is not VCC pin.
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Section 2 CPU

Section2 CPU

21 Overview

The H85/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

211 Features

The H85/2000 CPU has the following features.

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

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

General-register architecture

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

Sixty-five basic instructions

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

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

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

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

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

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

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

Memory indirect [ @@aa:8]

16-Mbyte address space

O Program: 16 Mbytes

0 Data 16 Mbytes (4 Gbytes architecturally)

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

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

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

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

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

* Register configuration
The MAC register is supported only by the H85/2600 CPU.
* Basicinstructions

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

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

Instruction Mnemonic H8S/2600 H8S/2000

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

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

There are also differences in the address space, EXR register functions, power-down state, etc.,
depending on the product.
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213 Differences from H8/300 CPU

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

More general registers and control registers

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

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

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

Enhanced addressing

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

Enhanced instructions

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

O Two-bit shift instructions have been added.

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

Higher speed

0 Basicinstructions execute twice as fast.

214 Differences from H8/300H CPU

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

Additional control register

O One 8-bit control register has been added.

Enhanced instructions

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

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

Higher speed

0 Basicinstructions execute twice as fast.
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22 CPU Operating Modes

The H85/2000 CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally the maximum total address space is 4 Gbytes, with a maximum of 16
Mbytes for the program area and a maximum of 4 Gbytes for the data area). The mode is selected
by the mode pins of the microcontroller.

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

CPU operating modes }7

Maximum 16 Mbytes for

—{ Advanced mode program and data areas
combined

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

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

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.
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Exception Vector Tableand Memory Indirect Branch Addresses: In normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per 16
bits. The configuration of the exception vector table in normal mode is shown in figure 2.2. For
details of the exception vector table, see section 4, Exception Handling.

H'0000 [

H'0001

H0002 |

H'0003

H'0004 |

H'0005

H'0006 |

H'0007

H0008 |

H'0009

H'000A|

H'000B

Reset exception vector -

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

vector table

Exception vector 1 -

Exception vector 2 -

O

Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 16-
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'00FF. Note

that thisareais al'so used

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

\/_\ \/\

sp—| PC SP—~ CCR
(16 bits) CCR*
PC

\/\ (16 bits)

(&) Subroutine Branch (b) Exception Handling

Note: * Ignored when returning.

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

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

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

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch addressis stored in the lower 24 bits (figure 2.4).
For details of the exception vector table, see section 4, Exception Handling.

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

Figure2.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-hit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-hit branch address. The upper 8 bits of these 32 bits are areserved areathat isregarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
first part of thisrange is also the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a

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

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

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

SP-—~

\/\

Reserved

R PC ———
(24 bits)

\/\

(@) Subroutine Branch

SP-»

\/\

CCR

- _ PC R
(24 bits)

\/\

(b) Exception Handling

Figure2.5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.6 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

H'0000

H'FFFF

H'00000000
Program area
H'00FFFFFF
Data area
Cannot be
used by
this LSI
H'FFFFFFFF
(@) Normal Mode (b) Advanced Mode

Figure2.6 Memory Map
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24 Register Configuration

24.1 Overview

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

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ERS E5 R5H R5L
ERG6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
EXR* |T|—|—[—[-[12]i1]i0|

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

Legend:

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

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

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

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

Note: * Does not affect operation in this LSI.

Figure2.7 CPU Registers
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242 General Registers

The CPU has eight 32-bit general registers. These general registers are al functionally alike and
can be used as both address registers and data registers. When a general register is used as a data
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-hit registers or address registers, they are designated by the letters ER (ERO to ER7).

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

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

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

« Address registers

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

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

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

Figure2.8 Usageof General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.9 shows the
stack.
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Free area

SP (ER7) —»]

Stack area

/\_/

Figure2.9 Stack

24.3 Control Registers

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

(1) Program Counter (PC)

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

(2) Extended Control Register (EXR)

An 8-bit register. InthisL S, this register does not affect operation.

Bit 7—TraceBit (T): Thishit isreserved. In thisLSI, this bit does not affect operation.
Bits 6 to 3—Reserved: These bits are reserved. They are alwaysread as 1.

Bits 2 to O—Interrupt Mask Bits (12 to 10): These bits are reserved. In this LSI, these bits do not
affect operation.
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(3) Condition-Code Register (CCR)

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

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. (NM1 is accepted
regardless of the | bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

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

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

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

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

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

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

» Subtract instructions, to indicate a borrow

» Shift and rotate instructions, to store the carry

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

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

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

Reset exception handling loads the CPU’ s program counter (PC) from the vector table, clearsthe
trace bit in EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV .L instruction executed immediately
after areset.
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2.5 Data For mats
The CPU can process 1-hit, 4-bit (BCD), 8-hit (byte), 16-hit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn(n=0, 1, 2, ..., 7) of byte

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

251 General Register Data For mats

Figure 2.10 shows the data formats in genera registers.

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

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

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

31 16 15 0
MSB En Rn LSB
Legend:

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

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

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

instruction fetches.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M + 1

Address 2N
Address 2N + 1
Address 2N + 2
Address 2N + 3

Data Format

7 0
7 5/4|13|2]1]0
MSB: o1 IISB

MSB A
| %LSB

MSB A
'LSB

Figure2.11 Memory Data Formats

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

size or longword size.

RENESAS
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2.6 I nstruction Set

2.6.1 Overview

The H85/2000 CPU has 65 types of instructions. The instructions are classified by function in
table 2.1.

Table2.1 Instruction Classification

Function Instructions Size  Types
Data transfer MOV BWL 5
POP*!, PUSH™! WL
LDM*®, STM*® L
MOVFPE*®, MOVTPE™® B
Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS* B
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL 8
Bit-manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc™?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1

Total: 65 types
Legend: B: Byte
W: Word
L: Longword

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

POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,
@-SP.

Bcc is the general name for conditional branch instructions.

Cannot be used in this LSI.

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

aprwbd
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26.2 Instructions and Addressing Modes

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

Table2.2 Combinationsof Instructions and Addressing M odes

Addressing Modes
¥
jo
Function |1 i T & | & 5
unction |Instruction % x © 8 Q .
© ol c © < o i < Fat
g 12 |@ g |2 |3 |9 12 |9 | g
x | |lu B |2 |4 E |8 |8 |8 |2 |2 |@
* x ® ® ® ® ® ® ® ® ® ® ® |
Data MOV BWL | BWL | BWL | BWL | BWL | BWL B BWL| — |BWL| — — — —
transfer POP, PUSH — — — — — — — WL
ML stM? | — | — | — | — | — | — | — | — | — | — | — | = | = L
MOVFPE", — - = =] =] =B | =] =] =] =] =] =
MOVTPE™
Arithmetic |ADD, CMP BWL | BWL | — — — — — — — — — _ _ _
operations oy WLlBWL — [ — | — [ I I =-TZ-1TZ
ADDX, SUBX B B — — — — — — — — — — — _
ADDS, SUBS | — L — — — — — — — — — _ _ _
INC, DEC — |BWL | — — — — — — — — — — _ —
DAA, DAS — B — — —_ — — — — — — _ _ _
MULXU, — BW — —_ —_ — — — — — — _ _ _
DIVXU
MULXS, — BW — — —_ — — — — — — — _ —
DIVXS
NEG —BWL| — | — | — | — | — | — | — | — | — | — | — | —
EXTU, EXTS — WL — — — — — — — — — — — _
TAS™ —_ |-l =]l =]l =1l=1]=1=1=
Logic AND, OR, BWL | BWL | — — — — — — — — — — _ _
operations | XOR
NOT —/BWL| — | — | —m | —m | — | — | = | — | — | — | — | —
Shift — |BWL| — — — — — — — — — — — _
Bit-manipulation — B B — — — B B — B — — — —
Branch Bcc, BSR — — — — — — — — — — O O — —
JMP, JSR - - === =] =]lO|=|=]=]0| -
RTS RN [ [ | (N I RN I (I I I e )
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Addressing Modes

+
=
Function |1 i % | & G
unction nstruction 5 5 @ 8 Q .
© o c © < [ . < p
& < o & © o N gl « - i
x | o |w |2 |2 |4 T /8§ |8 8§ |8 |2 |@©
& 14 ® ® ® ® ® ® ® ® ® ® ® |
System TRAPA — | = | = — - - =] =] =] = RS
control RTE — — — — — — — — — o
SLEEP - - - -] == =] = =] =] =10
LDC B W | W | w | w w w —
STC — W W | W | W[ — | W|—|W|— | — | —|—
ANDCLORC, | B | — | — | — | — | = | = | — | = | = | — | — | —
XORC
NOP - - -] === =] = =] =|—=1]0
Block data transfer — — — — — — — — — — — — — | BW
Legend:
B: Byte
W: Word
L: Longword

Notes: 1. Cannot be used in this LSI.

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
3. Only registers ERO to ER6 should be used when using the STM/LDM instruction.
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26.3 Table of Instructions Classified by Function

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

Operation Notation

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

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

(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

= Division

ad Logical AND

g Logical OR

ad Logical exclusive OR

- Move

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

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

Type Instruction Size**  Function
Data transfer MOV B/W/L  (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a
general register and memory, or moves immediate data
to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP W/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.
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Type Instruction Size*™  Function
Arithmetic ADD B/W/L Rd*Rs - Rd, Rdz#MM - Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted
from byte data in a general register. Use the SUBX or
ADD instruction.)
ADDX B Rd+Rs+C - Rd, Rd+#IMM+C - Rd
SUBX Performs addition or subtraction with carry on byte data
in two general registers, or on immediate data and data
in a general register.
INC B/W/L Rd#z1 - Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
ADDS L Rd+1 - Rd, Rd+2 - Rd, Rd+4 - Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a
32-bit register.
DAA B Rd decimal adjust — Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-bit
BCD data.
MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits - 16 bits or 16 bits x
16 bits - 32 bits.
MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits - 16 bits or 16 bits x
16 bits — 32 bits.
DIVXU B/W Rd + Rs - Rd

Performs unsigned division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
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Type Instruction Size*™*  Function
Arithmetic DIVXS B/W Rd+Rs - Rd
operations Performs signed division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
CMP B/W/L Rd-Rs, Rd-#IMM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR
bits according to the result.
NEG B/W/IL 0-Rd - Rd
Takes the two’s complement (arithmetic complement) of
data in a general register.
EXTU WI/L Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by padding with zeros on the left.
EXTS WI/L Rd (sign extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-hit register to longword size,
by extending the sign bit.
TAS B @ERd -0, 1 — (<bit 7> of @ERd)*?

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

Rev. 4.00 Sep 27, 2006 page 58 of 1130

REJ09B0327-0400

RENESAS



Section 2 CPU

Type Instruction Size*™  Function
Logic AND B/W/L RdORs - Rd, RdO#IMM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT B/W/L - (Rd) - (Rd)
Takes the one’s complement (logical complement) of
general register contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
A 1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
A 1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) -~ Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.

Rev. 4.00 Sep 27,2006 page 59 of 1130
REJ09B0327-0400

RENESAS



Section 2 CPU

Type Instruction

Function

Bit- BSET
manipulation
instructions

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

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

BNOT

= (<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

= (<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

BIAND

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

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

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

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

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

BOR

BIOR

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

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

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

ORs the carry flag with the inverse of a specified bit in a

general register or memory operand and stores the
result in the carry flag.

The bit number is specified by 3-bit immediate data.
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1

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

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

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

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

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

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

The bit number is specified by 3-bit immediate data.
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Type Instruction Size*™*  Function
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High cOoz=0
BLS Low or same chz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) Cc=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOvV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
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Type

Instruction

Size*

1

Function

System
control
instructions

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 contents of a general register or memory or
immediate data to CCR or EXR. Although CCR and EXR
are 8-bit registers, word-size transfers are performed
between them and memory. The upper 8 hits are valid.

STC

B/W

CCR - (EAd), EXR - (EAd)

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

ANDC

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

ORC

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

XORC

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

NOP

PC+2 - PC
Only increments the program counter.
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1

Type Instruction Size" Function

Block data EEPMOQOV.B — if R4L # 0 then
transfer Repeat @ER5+ -~ @ERG6+
instructions R4L-1 - R4L
UntilR4L =0
else next;

EEPMOV.W — if R4 # 0 then
Repeat @ER5+ -~ @ERG6+
R4-1 - R4
UntiiR4=0
else next;

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

Notes: 1. Size refers to the operand size.
B: Byte
W: Word
L: Longword
2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
3. Only registers ERO to ER6 should be used when using the STM/LDM instruction.

264 Basic I nstruction For mats

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

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

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

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

Condition Field: Specifiesthe branching condition of Bcc instructions.

Figure 2.12 shows examples of instruction formats.
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(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

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

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

op m rm

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

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

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

Figure2.12 Instruction Formats (Examples)

2.6.5 Notes on Use of Bit-Manipulation Instructions

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

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

2.7 Addressing Modes and Effective Address Calculation

271 Addressing M ode

The CPU supports the eight addressing modes listed in table 2.4. Each instruction uses a subset of
these addressing modes. Arithmetic and logic instructions can use the register direct and

immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit-manipulation instructions use register direct, register indirect, or
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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.

Table2.4 Addressing Modes

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

Register Direct—Rn

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

Register Indirect—@ERnN

The register field of the instruction code specifies an address register (ERn) which contains the
address of the operand in memory. If the 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).

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

A 16-hit or 32-bit displacement contained in the instruction is added to an address register (ERN)
specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-hit displacement is sign-extended when added.
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Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN

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

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

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

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

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-hit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-hit absolute address the upper 16 bits are a sign extension. A 32-bit absolute address can
access the entire address space.

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

Table 2.5 indicates the accessible absolute address ranges.

Table25 Absolute Address Access Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 hits (@aa:8) H'FF0O0 to H'FFFF H'FFFFO00 to H'FFFFFF

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

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

Program instruction 24 bits (@aa:24)
address
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I mmediate—#xx: 8, #xx:16, or #xx:32

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

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

mani pulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

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

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

Memory Indirect—@@aa: 8

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

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

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

\/\

(@) Normal Mode (b) Advanced Mode

Figure2.13 Branch Address Specification in Memory Indirect Mode

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

2.7.2 Effective Address Calculation

Table 2.6 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.
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Table2.6 Effective Address Calculation

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address (EA)
1 Register direct (Rn) Operand is general register
contents.
op [rm|rm
2 Register indirect (@ERN)
31 0 31 2423 0
‘ »  General register contents »| Don't
care
op r
3 Register indirect with displacement
@(d:16, ERn) or @(d:32, ERn)
31 0
»  General register contents
31 2423 0
. Don't
op r disp care
31 0
Sign extension disp
4 Register indirect with post-increment or pre-decrement
¢ Register indirect with post-increment @ERN+
31 0 31 2423 0
ol ] Don't
» General register contents > Care
i
op 1
1,2, 0r
4
* Register indirect with pre-decrement @—ERn
31 0
»  General register contents
31 2423 0
{ 777777777777 Don't
op r care
Operand | Value j
Size | Added | [12:Of
Byte 1
Word 2
Longword 4
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address (EA)
5 Absolute address
@aa:8 31 2423 87 0
Don't ,
op abs care H'FFFF
| f
@aa:16
31 2423 1615 0
« | Sign
Don't
i abs care | e
@aa:24
31 2423 0
Don't
op abs care
@aa:32
op 31 2423 0
Don't
abs care
6 Immediate #xx:8/#xx:16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative
@(d:8, PC)/@(d:16, PC)
23 0
PC contents
op disp 23 0
Sign
exten- disp 31 2423 v 0
sion
T Don't
care
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address (EA)
8 Memory indirect @ @aa:8

*« Normal mode

op abs

31 87y 0
H'000000 abs 31 2423 1615 0
Don't .
care | H00
15 0
Memory
contents
¢ Advanced mode
op abs
31 87 y 0
H'000000 abs
31 0 31 2423 0
Memory contents Don't
care
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2.8 Processing States

2.8.1 Overview

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

Reset state

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

Exception-handling
state

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

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

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

Sleep mode

Software standby

Power-down state
mode

CPU operation is stopped
to conserve power.*

Hardware standby
mode

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

Figure2.14 Processing States
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End of bus request

Bus request
Program execution
state SLEEP
End of bus instruction
request Bus SLEEP with
request instruction \_ LSON =0,
with SSBY =0
Y LSON =0,
PSS =0,
Bus-released state SSBY =1
Request for A VN N
Eggeg{ion exception | —3
handiing handling Sleep mode
Interrupt
request
Exception-handling state
[ External interrupt

RES = high

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.
3. The power-down state also includes a watch mode, subactive mode, subsleep mode, etc. For details,
refer to section 25, Power-Down State.

Figure2.15 State Transitions

2.8.2 Reset State

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

The reset state can also be entered by awatchdog timer overflow. For details, refer to section 14,
Watchdog Timer (WDT).
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283 Exception-Handling State

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

Types of Exception Handling and Their Priority

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

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

Table2.7 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
4 immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

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

sequence.

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

Low executed.”?

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

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

Reset Exception Handling

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

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bitsin the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2.16 shows the stack after exception handling ends.

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

Note: * Ignored when returning.

Figure2.16 Stack Structure after Exception Handling (Examples)

284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.85 Bus-Released State

Thisisastate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the busisreleased, all CPU internal operations are halted.

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

For further details, refer to section 6, Bus Controller.
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2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modesin which
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep mode, and watch mode. There are also
three other power-down modes: medium-speed mode, module stop mode, and subactive mode. In
medium-speed mode, the CPU and other bus masters operate on a medium-speed clock. Module
stop mode permits halting of the operation of individual modules, other than the CPU. Subactive
mode, subsleep mode, and watch mode are power-down modes that use subclock input. For
details, refer to section 25, Power-Down State.

Sleep Mode

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

Softwar e Standby Mode

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

Hardware Standby Mode

A transition to hardware standby mode is made when the STBY pin goeslow. In hardware
standby mode, the CPU and clock halt and all MCU operations stop. The on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.
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29 Basic Timing

29.1 Overview

The CPU isdriven by a system clock, denoted by the symbol ¢. The period from one rising edge
of @to the next isreferred to asa“state.” The memory cycle or bus cycle consists of one, two, or
three states. Different methods are used to access on-chip memory, on-chip supporting modules,

and the external address space.

29.2 On-Chip Memory (ROM, RAM)

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

! Bus cycle !

Internal address bus X Address

X
Internal read signal \ /

Read !
access 1
Internal data bus < Read data >—
_ Internal write signal "\ /
Write ! !
access |

e

Internal data bus

Write data >—

Figure2.17 On-Chip Memory Access Cycle
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Bus cycle

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

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

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

Internal read signal 3\ /

Read 3 3

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

Write |

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

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

Address bus Unchanged
AS Hijgh
RD Hi:gh
HWR, LWR Hijgh |
Data bus High impedance

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

294 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in atwo-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 6, Bus Controller.
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210 Usage Note

2.10.1 TASInstruction

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

2.10.2 STM/LDM Instruction

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

Two registers: ERO—ER1, ER2—ER3, or ER4—ER5
Three registers: ERO—ER2, or ER4—ER6
Four registers: ERO—ER3

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

31 Overview

311 Operating M ode Selection

This LSl has three operating modes (modes 1 to 3). These modes enable selection of the CPU
operating mode and enabling/disabling of on-chip ROM, by setting the mode pins (MD1 and
MDO).

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating Mode Selection

MCU CPU

Operating Operating On-Chip

Mode MD1 MDO Mode Description ROM

0 0 0 — — —

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

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

3 1 Normal Expanded mode with on-chip ROM enabled

Single-chip mode

The CPU’ s architecture allows for 4 Ghytes of address space, but this LS| actually access a
maximum of 16 Mbytes.

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

This LSl can only be used in modes 1 to 3. These means that the mode pins must select one of
these modes. Do not changes the inputs at the mode pins during operation.
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312 Register Configuration

This LSl have a mode control register (MDCR) that indicates the inputs at the mode pins (MD1
and MDO), asystem control register (SY SCR) and bus control register (BCR) that control the
operation of the MCU, and a serial/timer control register (STCR) that controls the operation of the
supporting modules. Table 3.2 summarizes these registers.

Table3.2 MCU Registers

Name Abbreviation R/W Initial Value Address”
Mode control register MDCR R/W Undetermined H'FFC5
System control register SYSCR R/W H'09 H'FFC4
Bus control register BCR R/W H'D7 H'FFC6
Serialltimer control register STCR R/W H'00 H'FFC3

Note: * Lower 16 bits of the address.

32 Register Descriptions

321 Mode Control Register (MDCR)

Bit 7 6 5 4 3 2 1 0

| EXPE | — | — | — | — | — | MDS1 | MDSO0 ‘
Initial value —* 0 0 0 0 0 —* —*
Read/Write R/W* — — — — — R R

Note: * Determined by pins MD1 and MDO.

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

The EXPE bit isinitialized in coordination with the mode pin states by areset and in hardware
standby mode.
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Bit 7—Expanded M ode Enable (EXPE): Sets expanded mode. In mode 1, thishit isfixed at 1
and cannot be modified. In modes 2 and 3, this bit has an initia value of 0, and can be read and
written.

Bit 7

EXPE Description

0 Single chip mode is selected
1 Expanded mode is selected

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

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

322 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

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

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

Only bits 7, 6, 3, 1, and 0 are described here. For a detailed description of these bits, refer also to
the description of the relevant modules (host interface, bus controller, watchdog timer, RAM,
etc.). For information on bits 5, 4, and 2, see section 5.2.1, System Control Register (SY SCR).

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

Bit 7—Chip Select 2 Enable (CS2E): Specifiesthe location of the host interface control pin
(CS2). For details, see section 18, Host Interface. The H8S/2144 Group does not incorporate a
host interface, so do not set this bit to 1 in the H8S5/2144 Group.
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Bit 6—IOS Enable (IOSE): Controls the function of the AS/IOS pin in expanded mode.

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

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

Note: * Inthe H8S/2148 F-ZTAT A-mask version and H8S/2147 F-ZTAT A-mask version, the
address range is from H'(FF)F000 to H'(FF)F7FF.

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

Bit 3

XRST Description

0 A reset is generated by watchdog timer overflow

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

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

Bit 1
HIE Description
0 In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC to H'(FF)FFFF, (Initial value)

CPU access to 8-bit timer (channel X and Y) data registers and control
registers, and timer connection control registers, is permitted

1 In areas H'(FF)FFFO to H'(FF)FFF7 and H'(FF)FFFC to H'(FF)FFFF,
CPU access to host interface data registers and control registers, and
keyboard controller and MOS input pull-up control registers, is permitted
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Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized when the reset state is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

323 Bus Control Register (BCR)

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

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

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

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

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

BCR
Bit 1 Bit 0
I0S1 10S0 Description
0 0 The AS/IOS pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)FO3F
1 The AS/IOS pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)FOFF
1 0 The AS/IOS pin output goes low in accesses to addresses
H'(FF)FO00 to H'(FF)F3FF
1 The AS/IOS pin output goes low in accesses to addresses
H'(FF)F000 to H'(FF)FE4F" (Initial value)

Note: * Inthe H8S/2148 F-ZTAT A-mask version and H8S/2147 F-ZTAT A-mask version, the
address range is from H'(FF)F000 to H'(FF)F7FF.
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324 Serial Timer Control Register (STCR)

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

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

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

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

Bits 7 to 5—I°C Control (I1CS, 11CX1, 11CX0): These bits control the bus buffer function of the
port A and the operation of the I°C bus interface when the on-chip 11C option is included. For
details, see section 16.2.7, Serial/Timer Control Register (STCR).

Bit 4—I°C Master Enable (I1CE): Controls CPU access to the I°C bus interface data registers
and control registers (ICCR, ICSR, ICDR/SARX, and ICMR/SAR), the PWM X data registers and
control registers (DADRAH/DACR, DADRAL, DADRBH/DACNTH, and DADRBL/DACNTL),
and the SCI control registers (SMR, BRR, and SCMR).

Bit 4
IICE Description

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

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

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

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

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

Addresses H'(FF)FFD8 and H'(FF)FFD9, and H'(FF)FFDE and H'(FF)FFDF, are used
for 1ICO data register and control register access
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Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU access to the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR2), the power-down mode control
registers (SBY CR, LPWRCR, MSTPCRH, and MSTPCRL ), and the supporting module control
register (PCSR and SY SCR2).

Bit 3

FLSHE Description

0 Addresses H'(FF)FF80 to H'(FF)FF87 are used for power-down mode control register
and supporting module control register access (Initial value)

1 Addresses H'(FF)FF80 to H'(FF)FF87 are used for flash memory control register

access (F-ZTAT version only)

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

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

3.3 Operating Mode Descriptions

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

Ports 1 and 2 function as an address bus, port 3 functions as a data bus, and part of port 9 carries
bus control signals. Clearing the ABW bit to 0 in the WSCR register makes port B a data bus.

3.3.2 Mode 2

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
After areset, single-chip mode is set, and the EXPE bit in MDCR must be set to 1 in order to use
external addresses.

When the EXPE bitin MDCRisset to 1, ports 1, 2 and A function asinput ports after a reset.
They can be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port 3 functions as a data bus, and part of port 9 carries bus control signals. Clearing
the ABW bit to 0 in the WSCR register makes port B a data bus.
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3.3.3 Mode 3

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

When the EXPE bitin MDCR is set to 1, ports 1 and 2 function as input ports after areset. They
can be set to output addresses by setting the corresponding bits in the data direction register
(DDR) to 1. Port 3 functions as a data bus, and part of port 9 carries bus control signals. Clearing
the ABW bit to 0 in the WSCR register makes port B a data bus.

In this operating mode, the available amount of on-chip ROM in products with 64 kbytes or more
of ROM islimited to 56 kbytes.

34 Pin Functionsin Each Operating Mode

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

Table3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2 Mode 3

Port 1 A P*IA P*IA

Port 2 A P*IA P*IA

Port A P P*IA P

Port 3 D P*ID P*ID

Port B P*/ID P*/ID P*/ID

Port 9 P97 P*/C P*IC P*IC
P96 c*/p P*IC P*IC
P95 to P93 C P*IC P*IC
P92 to P91 P P P
P90 P*/C P*IC P*IC

Legend:

P: 1/0O port

A: Address bus output

D: Data bus I/O

C: Control signals, clock 110

.

After reset
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35 Memory Map in Each Operating Mode
Figures 3.1 to 3.5 show memory maps for each of the operating modes.

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

The on-chip ROM capacity is 64 kbytes (H85/2142, H8S/2147, and H8S5/2147N), 96 kbytes
(H8S/2143), or 128 kbytes (H85/2144 and H85/2148), but only 56 kbytes are available in mode 3
(normal mode).

Do not access the reserved area and addresses of modules not supported by the product. Note that
normal operation is not guaranteed when these regions are accessed.

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

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

Figure3.1 H8S/2148 (Except for F-ZTAT A-Mask Version) and H852144 Memory Map in
Each Operating Mode
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Mode 2/EXPE =1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000
On-chip ROM On-chip ROM
H'01FFFF H'01FFFF
H'020000 | External address _|.
space
H'FFE080 H'FFE080
On-chip RAM* On-chip RAM
H'FFEFFF H'FFEFFF
External address
space
EEEEE,S:(; Internal 1/O registers 2 :EEEEE& Internal I/O registers 2
H'FFFFO0 On-chip RAM H'FFFF00 On-chip RAM
H'FFFF7F (128 bytes)* H'FFFF7F (128 bytes)
H'FFFF80 . H'FFFF80 .
H'EEFEER Internal 1/O registers 1 H'EEEFER Internal 1/O registers 1

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

Figure3.1 H8S/2148 (Except for F-ZTAT A-Mask Version) and H852144 Memory Map in
Each Operating M ode (cont)
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0
(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
H'F800 R d H'F800 R d
H'EE4F eservea area H'EE4F eservea area
HEEE& Internal I/O registers 2 HEEE& Internal 1/O registers 2 HEEE& Internal 1/O registers 2
H'FF00 On-chip RAM H'FF00 On-chip RAM H'FF00 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 . H'FF80 .
HEEEF Internal I/O registers 1 H'EEEF Internal 1/O registers 1 HEFEF Internal 1/O registers 1

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

Figure3.2 H8S/2148 F-ZTAT A-Mask Version Memory Map in Each Operating Mode
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Mode 2/EXPE =1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000
On-chip ROM On-chip ROM
H'O1FFFF H'01FFFF
H'020000 | External address |-
space
H'FFE080 H'FFE080
On-chip RAM* On-chip RAM
H'FFEFFF H'FFEFFF
External address
space
H'FFF800 R d
H'EFFE4F eserveda area
H'FFFES50 '
H'EEEEEE |Internal I/O registers 2 :EEEEE& Internal 1/O registers 2
H'FFFFO0 On-chip RAM H'FFFF00 On-chip RAM
H'FFFF7F (128 bytes)* H'FFFF7F (128 bytes)
H'FFFF80 ; H'FFFF80 )
HEFEEEE Internal 1/O registers 1 H'EEEEFE Internal 1/O registers 1

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

Figure3.2 H8S/2148 F-ZTAT A-Mask Version Memory Map in Each Operating Mode
(cont)
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0
(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
HEEE& Internal I/O registers 2 HEEE& Internal 1/O registers 2 HEEE& Internal 1/O registers 2
H'FFO0 On-chip RAM H'FFO0 On-chip RAM H'FFO0 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 . H'FF80 .
HEEEF Internal I/O registers 1 H'EEEF Internal 1/O registers 1 HEFEF Internal 1/O registers 1

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

Figure3.3 H8S/2143 Memory Map in Each Operating Mode
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Mode 2/EXPE =1
(advanced expanded mode
with on-chip ROM enabled)

H'000000

H'017FFF

H'O1FFFF

H'020000 |

H'FFEO080

H'FFEFFF

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

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

On-chip ROM

Reserved area

| External address _J
space

)]

On-chip RAM*

External address
space

Internal 1/O registers 2

On-chip RAM
(128 bytes)*

Internal I/O registers 1

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

H'000000

H'017FFF

H'O1FFFF

H'FFE080

H'FFEFFF

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

HFFFFFF

On-chip ROM

Reserved area

On-chip RAM

Internal 1/O registers 2

On-chip RAM
(128 bytes)

Internal I/O registers 1

Figure 3.3 H8S5/2143 Memory Map in Each Operating M ode (cont)
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0
(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
Reserved area® Reserved area® Reserved area
H'E880 : * H'E880 : * H'E880 :
On-chip RAM On-chip RAM , On-chip RAM
H'EFFF H'EFFF H'EFFF
External address External address
space space
HEEE& Internal I/O registers 2 HEEE& Internal 1/O registers 2 HEEE& Internal 1/O registers 2
H'FFO0 On-chip RAM H'FFO0 On-chip RAM H'FFO0 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 . H'FF80 .
HEEEF Internal I/O registers 1 H'EEEF Internal 1/O registers 1 HEFEF Internal 1/O registers 1

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

Figure3.4 H8S/2147 (Except for F-ZTAT A-Mask Version), H8S5/2147N, and H8S/2142
Memory Map in Each Operating Mode
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Mode 2/EXPE =1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000
On-chip ROM On-chip ROM
H'00FFFF H'00FFFF
Reserved area Reserved area
H'01FFFF H'01FFFF
H'020000 | External address |-
space
H'FFE080 H'FFEO080
Reserved area* Reserved area
H'FFE880 . H'FFE880 .
On-chip RAM* On-chip RAM
H'FFEFFF H'FFEFFF
External address
space
EEEEEEE Internal 1/O registers 2 HEEEE,S:?: Internal I/O registers 2
H'FFFFO0 On-chip RAM H'FFFFO0 On-chip RAM
H'FFFF7F (128 bytes)* H'FFFF7F (128 bytes)
H'FFFF80 . H'FFFF80 )
HEFEEEF Internal 1/O registers 1 H'EFEEERE Internal 1/O registers 1

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

Figure3.4 H8S/2147 (Except for F-ZTAT A-Mask Version), H85/2147N, and H8S/2142
Memory Map in Each Operating M ode (cont)
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Mode 1 Mode 3/EXPE =1 Mode 3/EXPE =0
(normal expanded mode (normal expanded mode (normal single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'0000 H'0000 H'0000
External address On-chip ROM On-chip ROM
space
H'DFFF H'DFFF
External address
space
H'E080 H'E080 H'E080
Reserved area® Reserved area® Reserved area
H'E880 H'E880 H'E880
On-chip RAM* On-chip RAM* On-chip RAM
H'EFFF P H'EFFF P H'EFFF P
External address External address
space space
H'F800 H'F800
H'EE4F Reserved area H'EE4F Reserved area
HEEE& Internal I/O registers 2 HEEE& Internal 1/O registers 2 HEEE& Internal 1/O registers 2
H'FFO0 On-chip RAM H'FFO0 On-chip RAM H'FFO0 On-chip RAM
H'FF7F (128 bytes)* H'FF7F (128 bytes)* H'FF7F (128 bytes)
H'FF80 ! H'FF80 . H'FF80 .
HEEEF Internal I/O registers 1 H'EEEF Internal 1/O registers 1 HEFEF Internal 1/O registers 1

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

Figure3.5 H8S/2147 F-ZTAT A-Mask Version Memory Map in Each Operating Mode
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Mode 2/EXPE = 1 Mode 2/EXPE =0
(advanced expanded mode (advanced single-chip mode)
with on-chip ROM enabled)

H'000000 H'000000

On-chip ROM On-chip ROM
H'00FFFF H'0OFFFF

Reserved area Reserved area
H'O1FFFF H'01FFFF
H020000 . External address _| .

space

H'FFEO80 H'FFEO80

Reserved area® Reserved area
H'FFE880 N H'FFE880 .

-chi On-chip RAM

HEFEFFF | O CNiP RAM HFFEFFF P

External address

space

HEEEE&% Reserved area
:EEEEE& Internal I/O registers 2 HEEEEE?: Internal 1/O registers 2
H'FFFFO0 On-chip RAM H'FFFFO0 On-chip RAM
H'FFFF7F (128 bytes)* H'FFFF7F (128 bytes)
H'FFFF80 . H'FFFF80 .
H'EFEEER Internal 1/O registers 1 HEFEEEE Internal 1/O registers 1

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

Figure3.5 H8S/2147 F-ZTAT A-Mask Version Memory Map in Each Operating Mode
(cont)
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Section 4 Exception Handling

41 Overview

41.1 Exception Handling Typesand Priority

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

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

Table4.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the
A RES pin, or when the watchdog timer overflows.
Trace™* Starts when execution of the current instruction or
exception handling ends, if the trace (T) bit is set to 1.
Interrupt Starts when execution of the current instruction or
exception handling ends, if an interrupt request has been
issued.**
Direct transition Started by a direct transition resulting from execution of a
SLEEP instruction.
Low Trap instruction (TRAPA)*®  Started by execution of a trap instruction (TRAPA).

Notes: 1. Traces are enabled only in interrupt control modes 2 and 3. (They cannot be used in
this LSI.) Trace exception handling is not executed after execution of an RTE
instruction.

2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

3. Trap instruction exception handling requests are accepted at all times in the program
execution state.
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4.1.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

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

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

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

413 Exception Sour ces and Vector Table

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

Table 4.2 lists the exception sources and their vector addresses.

Reset

Trace (Cannot be used in this LSI)

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

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

Direct transition

Trap instruction

Figure4.1 Exception Sources
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Table 4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address™*

Normal Mode

Advanced Mode

Reset

Reserved for system use

Direct transition

External interrupt

NMI

Trap instruction (4 sources)

Reserved for system use

External interrupt

IRQO

IRQ1

IRQ2

IRQ3

IRQ4

IRQ5

IRQ6

IRQ7

Internal interrupt™?

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

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

Table.
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4.2 Reset

421 Overview
A reset has the highest exception priority.

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

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

The MCUs can also be reset by overflow of the watchdog timer. For details, see section 14,
Watchdog Timer (WDT).

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

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

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

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

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

Figures 4.2 and 4.3 show examples of the reset sequence.
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¢
RES

Internal
address bus

Internal read
signal
Internal write
signal

Internal data
bus

Fetch of
Vector Internal first program
fetch  processing instruction

e
(0@

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

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

(3) Start address ((3) = (2))
(4) First program instruction

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

Vector fetch processing  instruction

- -

. nnfirnnArRRAnE

RES / : ‘ L

Address bus 1 1) \ 3) | >< B) ><:
RD ﬁ |_| ]
A, T | IR |
D15 to D8 @ @ ©

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

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure 4.3 Reset Sequence (Mode 1)

4.2.3 Interrupts after Reset

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

Interrupt exception handling can be requested by nine external sources (NMI and IRQ7 to IRQO0)
from 23 input pins (NMI, IRQ7 to IRQO, and KIN15 to KINO), and internal sources in the on-chip
supporting modules. Figure 4.4 shows the interrupt sources and the number of interrupts of each

type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit free-running timer (FRT), 8-bit timer (TMR), serial communication interface (SCI), data
transfer controller (DTC), A/D converter (ADC), host interface (HIF), keyboard buffer controller
(PS2), and I°C bus interface (option). Each interrupt source has a separate vector address.

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

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

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

Interrupts WDT" (2)
FRT (7)

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

ADC (1)

HIF (4)

PS2 (3)

IIC (3) (option)
Other (1)

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

Figure4.4 Interrupt Sourcesand Number of Interrupts

Rev. 4.00 Sep 27,2006 page 109 of 1130
REJ09B0327-0400
RENESAS




Section 4 Exception Handling

4.4 Trap Instruction

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

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

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

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

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

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

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

\_/\

SP —» CCR
CCR*
PC

(16 bits)

\_/\

Interrupt control modes 0 and 1

Note: * Ignored on return.

Figure4.5(1) Stack Statusafter Exception Handling (Nor mal Mode)

SP —» CCR

,,,,,,,, PC [

\/\

Interrupt control modes 0 and 1

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

When accessing word data or longword data, this LS| assumes that the lowest address bit is 0. The
stack should always be accessed by word transfer instruction or longword transfer instruction, and
the value of the stack pointer (SP: ER7) should always be kept even. Use the following
instructions to save registers:

PUSH W Rn (or MOV.WRn, @ SP)
PUSH.L ERn (or MOV.L ERn, @SP)

Use the following instructions to restore registers:

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

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

CCR SP» RIL H'FFEFFA
SP - H'FFEFFB
PC PC H'FFEFFC
H'FFEFFD

s> ! 1 | ]
*************************************************** H'FFEFFF

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

SP set to H'FFEFFF  Data saved above SP Contents of CCR lost

Legend:

CCR: Condition-code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

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

Figure4.6 Operation when SP ValuelsOdd
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Section 5 Interrupt Controller

51 Overview

511 Features

This LSl control interrupts by means of an interrupt controller. The interrupt controller has the
following features:

Two interrupt control modes

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

Priorities settable with ICR

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

Independent vector addresses

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

Twenty-three external interrupt pins (nine external sources)

O NMI isthe highest-priority interrupt, and is accepted at all times. A rising or falling edge at
the NMI pin can be selected for the NMI interrupt.

0 Falling edge, rising edge, or both edge detection, or level sensing, at pins IRQ7 to IRQ0
can be selected for interrupts IRQ7 to IRQO.

0 TheIRQ6 interrupt is shared by the interrupt from the IRQ6 pin and eight external interrupt
inputs (KIN7 to KINO), and the IRQ7 interrupt is shared by the interrupt from the IRQ7 pin
and eight external interrupt inputs (KIN15 to KIN8). KIN15 to KINO can be masked
individually by the user program.

DTC control

O DTC activation is controlled by means of interrupts.
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5.1.2 Block Diagram

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

| INTM1 INTMO
SYSCR|
NMIEG ‘ L
NMI input »  NMI input unit > Interrupt
request
: — IRQ input unit |——
IRQ input Q IST? L Vector

number
ISCR ﬁ Priority

determination

CPU

Internal interrupt

requests
SWDTEND to PS2IC

ICR

Interrupt controller

Legend:

ISCR: IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

ICR: Interrupt control register

SYSCR: System control register

Figure5.1 Block Diagram of Interrupt Controller
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513 Pin Configuration
Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Interrupt Controller Pins

Name Symbol I/0 Function

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

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

requests 7to 0 both edges, or level sensing, can be selected.

Key input interrupt KIN15 to KINO Input Maskable external interrupts: falling edge or

requests 15t0 0 level sensing can be selected.
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514 Register Configuration
Table 5.2 summarizes the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

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

Keyboard matrix interrupt mask KMIMRA R/W H'FF H'FFF3*®
register A

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

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

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

521 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

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

SY SCR is an 8-hit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI, among other functions.

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

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

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

Bit 5 Bit4 Interrupt
INTM1 INTMO Control Mode  Description
0 0 0 Interrupts are controlled by | bit (Initial value)

Interrupts are controlled by | and Ul bits and ICR

1 1
1 0 2 Cannot be used in this LSI
1 3 Cannot be used in this LSI

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

Bit 2

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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522 Interrupt Control Registers A to C (ICRA to ICRC)

Bit 7 6 5 4 3 2 1 0
| ICR7 | ICR6 | ICR5 | ICR4 | ICR3 | ICR2 | ICR1 | ICRO ‘
Initial value 0 0 0 0 0 0 0 0

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

The ICR registers are three 8-bit readabl e/writable registers that set the interrupt control level for
interrupts other than NM1 and address break.

The correspondence between ICR settings and interrupt sourcesis shown in table 5.3.
The ICR registers are initialized to H'00 by areset and in hardware standby mode.

Bit n—Interrupt Control Level (ICRn): Setsthe control level for the corresponding interrupt
source.

Bit n

ICRN Description

0 Corresponding interrupt source is control level O (non-priority) (Initial value)
1 Corresponding interrupt source is control level 1 (priority)

Note: n=71t00

Table5.3 Correspondence between Interrupt Sourcesand | CR Settings

Bits
Register 7 6 5 4 3 2 1 0
ICRA IRQO IRQ1 IRQ2 IRQ4 IRQ6 DTC Watchdog Watchdog
IRQ3 IRQ5 IRQ7 timer 0 timer 1
ICRB A/D Free- — — 8-hit 8-bit 8-bit HIF,
converter running timer timer timer Keyboard
timer channel 0 channel 1 channels buffer
X, Y controller
ICRC SCI SCI SCI lc lIc — — —

channel 0 channel 1 channel 2 channel 0 channel 1
(option)  (option)
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523  IRQ Enable Register (IER)

Bit 7 6 5 4 3 2 1 0
| IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQ1E | IRQOE ‘
Initial value 0 0 0 0 0 0 0 0

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

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

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

Bits 7to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bitn

IRQNE Description

0 IRQn interrupt disabled (Initial value)
1 IRQn interrupt enabled

Note: n=7to0

524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

« |SCRH
Bit 15 14 13 12 11 10 9 8
| IRQ7SCB| IRQ?SCA| IRQ6$CB| IRQGSCA| IRQ5SCB | IRQSSCA| IRQ4SCB| IRQ4SCA‘
Initial value 0 0 0 0 0 0 0 0

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

¢ |SCRL
Bit 7 6 5 4 3 2 1 0
| IRQ3SCB | IRQ3SCA | IRQ2SCB | IRQ28CA| IRQ1SCB | IRQlSCA| IRQOSCB| IRQOSCA‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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ISCRH and ISCRL are 8-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

Each of the ISCR registersisinitialized to H'00 by areset and in hardware standby mode.

ISCRH Bits 7to 0, ISCRL Bits7to 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to
IRQO Sense Control A and B (IRQOSCA, IRQOSCB)

ISCRH Bits 7to 0
ISCRL Bits 7to 0

IRQ7SCB to  IRQ7SCA to
IRQOSCB IRQOSCA Description

0 0 Interrupt request generated at IRQ7 to IRQO input low level
(Initial value)

Interrupt request generated at falling edge of IRQ7 to IRQO input

1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input

525  |IRQ StatusRegister (ISR)

Bit 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQ1F | IRQOF
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Note: * Only O can be written, to clear the flag.

ISR is an 8-bit readable/writable register that indicates the status of IRQ7 to IRQO interrupt
requests.

ISR isinitialized to H'00 by areset and in hardware standby mode.
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Bits 7 to 0—IRQ7 to IRQO Flags (IRQ7F to IRQOF): These bitsindicate the status of IRQ7 to
IRQO interrupt requests.

Bit n

IRQnF Description

0

[Clearing conditions] (Initial value)

Cleared by reading IRQnF when set to 1, then writing 0 in IRQnF

When interrupt exception handling is executed while low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high*

When IRQn interrupt exception handling is executed while falling, rising, or both-edge
detection is set (IRQNSCB = 1 or IRQNSCA = 1)*

[Setting conditions]

When TRQn input goes low when low-level detection is set (IRQNSCB = IRQnSCA = 0)
When a falling edge occurs in IRQn input while falling edge detection is set

(IRQNSCB =0, IRQNSCA = 1)

When a rising edge occurs in IRQn input while rising edge detection is set

(IRQNSCB =1, IRQNSCA = 0)

When a falling or rising edge occurs in IRQn input while both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

Notes: n=71t00

*

When a product, in which a DTC is incorporated, is used in the following settings, the

corresponding flag bit is not automatically cleared even when exception handling, which

is a clear condition, is executed and the bit is held at 1.

(1) When DTCEA3 is setto 1 (ADI is set to an interrupt source), IRQ4F flag is not
automatically cleared.

(2) When DTCEA2 is setto 1 (ICIA is set to an interrupt source), IRQ5F flag is not
automatically cleared.

(3) When DTCEALl is setto 1 (ICIB is set to an interrupt source), IRQ6F flag is not
automatically cleared.

(4) When DTCEAQO is setto 1 (OCIA is set to an interrupt source), IRQ7F flag is not
automatically cleared.

When activation interrupt sources of DTC and IRQ interrupts are used with the above

combinations, clear the interrupt flag by software in the interrupt handling routine of the

corresponding IRQ.
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526 Keyboard Matrix Interrupt Mask Register (KMIMR)

Bit 7 6 5 4 3 2 1 0
KMIMR7 | KMIMR6 | KMIMR5 | KMIMR4 | KMIMR3 [ KMIMR2 | KMIMR1 | KMIMRO
Initial value 1 0 1 1 1 1 1 1

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

KMIMR is an 8-bit readable/writable register that performs mask control for the keyboard matrix
interrupt inputs (pins KIN7 to KINO). To enable key-sense input interrupts from multiple pin
inputs in keyboard matrix scanning/sensing, clear the corresponding mask bitsto O.

KMIMR isinitialized to H'BF by areset and in hardware standby mode and only IRQ6 (KIN6)
input is enabled.

Bits 7 to 0—Keyboard Matrix Interrupt Mask (KMIMR7 to KMIMRO): These bits control
key-sense input interrupt requests (KIN7 to KINO).

Bits 7to 0

KMIMRY7 to
KMIMRO  Description

0 Key-sense input interrupt requests enabled

1 Key-sense input interrupt requests disabled (Initial value)*

Note: * However, the initial value of KMIMRG6 is 0 because the KMIMRG6 bit controls both IRQ6
interrupt request masking and key-sense input enabling.

5.2.7 Keyboard Matrix Interrupt Mask Register (KMIMRA)

Bit 7 6 5 4 3 2 1 0
KMIMR15/KMIMR14|KMIMR13|KMIMR12|/KMIMR11|KMIMR10| KMIMR9 | KMIMRS8
Initial value 1 1 1 1 1 1 1 1

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

KMIMRA is an 8-bit readable/writable register that performs mask control for the keyboard
matrix interrupt inputs (pins KIN15 to KINS8). To enable key-sense input interrupts from multiple
pin inputs in keyboard matrix scanning/sensing, clear the corresponding mask bitsto 0.

KMIMRA isinitialized to H'FF by areset and in hardware standby mode.
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Bits 7 to 0—Keyboard Matrix Interrupt Mask (KMIMR15 to KMIMRS): These hits control
key-sense input interrupt requests (KIN15 to KINS).

Bits 7to 0

KMIMR15
to KMIMRS8 Description

0 Key-sense input interrupt requests enabled

1 Key-sense input interrupt requests disabled (Initial value)

Figure 5.2 shows the relationship between interrupts IRQ7 and IRQ6, interrupts KIN15 to KINO,
and registers KMIMR and KMIMRA.

KMIMRO (initial value 1)
P60/KINO

KMIMRS5 (initial value 1) BAR .
P65/KING IRQ6 internal signal

Edge/level
KMIMREG (initial value 0) selection | IRQ6
P66/KIN6/IRQ6 enable/disable interrupt
IRQBE circuit

IRQBSC

KMIMRY (initial value 1)
P67/KIN7/IRQ7

KMIMRS (initial value 1) —e
PAO/KINS

IRQ7 internal signal

Y
3

%

Edge/level
KMIMRO (initial value 1) selecton | IRQ7
PAL/KIN9 — enable/disable interrupt

IRQ7E circuit
KMIMR15 (initial value 1) % IRQ7SC
PA7/KIN15

Figure5.2 Relationship between Interrupts IRQ7 and IRQ6, Interrupts KIN15 to KINO,
and RegistersKMIMR and KMIMRA
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If any of bits KMIMR15 to KMIMRS is cleared to 0, interrupt input from the IRQ7 pin will be
ignored. When pins KIN7 to KINO or KIN15 to KINS8 are used as key-sense interrupt input pins,
either low-level sensing or falling-edge sensing must be designated as the interrupt sense condition
for the corresponding interrupt source (IRQ6 or IRQ7).

528 Address Break Control Register (ABRKCR)

Bit 7 6 5 4 3 2 1 0
lowe | — | — | -] -] =] - | & |

Initial value 0 0 0 0 0 0 0 0

Read/Write R — — — — — — R/W

ABRKCR is an 8-bit readable/writable register that performs address break control.

ABRKCR sinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Condition Match Flag (CMF): Thisisthe address break source flag, used to indicate that
the address set by BAR has been prefetched. When the CMF flag and BIE flag are both set to 1, an
address break is requested.

Bit 7
CMF Description
0 [Clearing condition]
When address break interrupt exception handling is executed (Initial value)
1 [Setting condition]

When address set by BARA to BARC is prefetched while BIE = 1

Bits 6 to 1—Reserved: These bits cannot be modified and are always read as 0.

Bit 0—Break Interrupt Enable (BIE): Selects address break enabling or disabling.

Bit 0

?Description

0 Address break disabled (Initial value)
1 Address break enabled
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5.29 Break Address Registers A, B, C (BARA, BARB, BARC)

Bit 7 6 5 4 3 2 1 0
BARA A23 A22 A21 A20 A19 Al18 Al7 Al6
Initial value 0 0 0 0 0 0 0 0

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

Bit 7 6 5 4 3 2 1 0
BARB A15 Al4 Al13 Al12 All A10 A9 A8
Initial value 0 0 0 0 0 0 0 0

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

Bit 7 6 5 4 3 2 1 0
BARC A7 A6 A5 A4 A3 A2 Al —
Initial value 0 0 0 0 0 0 0 0

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

BAR consists of three 8-bit readable/writable registers (BARA, BARB, and BARC), and is used to
specify the address at which an address break is to be executed.

Each of the BAR registersisinitialized to H'00 by areset and in hardware standby mode. They are
not initialized in software standby mode.

BARA Bits7 to 0—Address 23 to 16 (A23to A16)

BARB Bits 7 to 0—Address 15to 8 (A15to A8)

BARC Bits7to 1—Address7to 1 (A7to Al)

These bits specify the address at which an address break is to be executed. BAR bits A23to Al
are compared with internal address buslines A23 to A1, respectively.

The address at which the first instruction byte is located should be specified as the break address.
Occurrence of the address break condition may not be recognized for other addresses.

In normal mode, no comparison is made with address lines A23 to A16.

BARC Bit 0—Reserved: This bit cannot be modified and is always read as 0.
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts.

531 External Interrupts

There are nine external interrupt sources from 25 input pins (23 actual pins): NMI, IRQ7 to IRQO,
and KIN15 to KINO. KIN15 to KINS8 share the IRQ7 interrupt source, and KIN7 to KINO share the
IRQG interrupt source. Of these, NMI, IRQ7, IRQ6, and IRQ2 to IRQO can be used to restore the
H8S/2148 Group or H8S/2144 Group chip from software standby mode.

NMI Interrupt

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

The vector number for NMI interrupt exception handling is 7.

IRQ7 to IRQO Interrupts

Interrupts IRQ7 to IRQO are requested by an input signal at pins IRQ7 to IRQO. Interrupts IRQ7 to
IRQO have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.

» Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

e Theinterrupt control level can be set with ICR.

» The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to 0
by software.

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

IRQNSCA, IRQNSCB
# IRQNF

IRQn interrupt
> Edgel/level }
detection circuit S Q request

TRQn input r R

Clear signal

Note: n: 7to 0

Figure5.3 Block Diagram of InterruptsIRQ7 to IRQO

Figure 5.4 shows the timing of IRQNF setting.

IRQnN
input pin

IRQNF |

Figure5.4 Timing of IRQNF Setting
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. Therefore, when apinisused as an external interrupt input pin, clear the
corresponding DDR bit to 0 and do not use the pin as an 1/O pin for another function. When the
IRQ6 pin is assigned as the IRQ6 interrupt input pin, then set the KMIMRG bit to O.

When the IRQ7 pin is used as the IRQ7 interrupt input pin, bits KMIMR15 to KMIMR8 must al
be set to 1. If any of these bitsis cleared to 0, interrupt input from the IRQ7 pin will be ignored.

Asinterrupt request flags IRQ7F to IRQOF are set when the setting condition is met, regardless of
the |ER setting, only the necessary flags should be referenced.
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Interrupts KIN15 to KINO

Interrupts KIN15 to KINO are requested by input signals at pins KIN15 to KIN 0. When any of
pins KIN15 to KINO are used as key-sense inputs, the corresponding KMIMR bits should be
cleared to O to enable those key-sense input interrupts. The remaining unused key-sense input
KMIMR bits should be set to 1 to disable those interrupts. Interrupts KIN15 to KIN8 correspond
to the IRQ7 interrupt, and interrupts KIN7 to KINO correspond to the IRQ6 interrupt. Interrupt
request generation pin conditions, interrupt request enabling, interrupt control level setting, and
interrupt request status indications, are all in accordance with the IRQ7 and |RQ6 interrupt
Settings.

When pins KIN7 to KINO or KIN15 to KIN8 are used as key-sense interrupt input pins, either
low-level sensing or falling-edge sensing must be designated as the interrupt sense condition for
the corresponding interrupt source (IRQ6 or IRQ7).

5.3.2 Internal Interrupts

There are 43 sources for internal interrupts from on-chip supporting modules, plus one software
interrupt source (address break).

 For each on-chip supporting modul e there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If any one of these is set to
1, an interrupt request isissued to the interrupt controller.

e Theinterrupt control level can be set by means of ICR.

* TheDTC can be activated by an FRT, TMR, SClI, or other interrupt request. When the DTC is
activated by an interrupt, the interrupt control mode and interrupt mask bits have no effect.

533 Interrupt Exception Vector Table

Table 5.4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of ICR. The situation when two or more modules
are set to the same priority, and priorities within amodule, are fixed as shown in table 5.4.
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Table5.4 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector Address

Origin of
Interrupt Vector Normal Advanced
Interrupt Source Source Number Mode Mode ICR Priority
NMI External 7 H'000E  H'00001C High
IRQO pin 16 H0020 H000040 ICRA7 %
IRQ1 17 H'0022  H'000044 ICRA6
IRQ2 18 H'0024  H'000048 ICRA5
IRQ3 19 H'0026  H'00004C
IRQ4 20 H'0028  H'000050 ICRA4
IRQ5 21 H'002A  H'000054
IRQ6, KIN7 to KINO 22 H'002C  H'000058 ICRA3
IRQ7, KIN15 to KIN8 23 H'002E  H'00005C
SWDTEND (software DTC 24 H'0030  H'000060 ICRA2
activation interrupt end)
WOVIOQ (interval timer) Watchdog 25 H'0032 H'000064 ICRAL
timer O
WOVI1 (interval timer) Watchdog 26 H'0034  H'000068 ICRAO
timer 1
Address break (PC break) — 27 H'0036  H'00006C
ADI (A/D conversion end) A/ID 28 H'0038  H'000070 ICRB7
Reserved — 29 H'003A  H'000074
to to to
47 H'O05E  H'0000BC
ICIA (input capture A) Free-running 48 H'0060 H'0000CO ICRB6
ICIB (input capture B) timer 49 H'0062  H'0000C4
ICIC (input capture C) 50 H'0064  H'0000C8
ICID (input capture D) 51 H'0066  H'0000CC
OCIA (output compare A) 52 H'0068  H'0000DO
OCIB (output compare B) 53 H'006A  H'0000D4
FOVI (overflow) 54 H'006C  H'0000D8
Reserved 55 H'0O06E  H'0000DC
Reserved — 56 H'0070  H'0000EO
to to to
63 H'007E  H'0000FC Low
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Vector Address

Origin of

Interrupt Vector Normal Advanced
Interrupt Source Source Number Mode Mode ICR Priority
CMIAO (compare-match A) 8-bit timer 64 H'0080 H'000100 ICRB3 High
CMIBO (compare-match B) channel 0 g5 H0082  H'000104 4
OVIO0 (overflow) 66 H'0084 H'000108
Reserved 67 H'0086 H'00010C
CMIA1 (compare-match A) 8-bit timer 68 H'0088 H'000110 ICRB2
CMIB1 (compare-match B) channell  gg HO08A H'000114
OVI1 (overflow) 70 H'008C H'000118
Reserved 71 H'008E H'00011C
CMIAY (compare-match A) 8-bit timer 72 H'0090 H'000120 ICRB1
CMIBY (compare-match B) ihe;(nnels 73 H'0092 H'000124
OVIY (overflow) 74 H'0094 H'000128
ICIX (input capture X) 75 H'0096 H'00012C
IBF1 (IDR1 reception completed) Host 76 H'0098 H'000130 ICRBO
IBF2 (IDR2 reception completed) nterface 77 H'009A H'000134
IBF3 (IDR3 reception completed) 78 H'009C H'000138
IBF4 (IDR4 reception completed) 79 H'009E H'00013C
ERIO (receive error 0) SCI 80 H'O0A0O H'000140 ICRC7
RXIO (reception completed 0) ~ channel0 g4 H'00A2 H'000144
TXIO (transmit data empty 0) 82 H'00A4 H'000148
TEIO (transmission end 0) 83 H'00A6 H'00014C
ERI1 (receive error 1) SCI 84 H'00A8 H'000150 ICRC6
RXI1 (reception completed 1) ~ channell — gg H'00AA  H'000154
TXI1 (transmit data empty 1) 86 H'00AC H'000158
TEI1 (transmission end 1) 87 H'0O0AE H'00015C
ERI2 (receive error 2) SCI 88 H'00BO H'000160 ICRC5
RXI2 (reception completed 2) ~ channel2 gqg H'00B2 H'000164
TXI2 (transmit data empty 2) 90 H'00B4 H'000168
TEI2 (transmission end 2) 91 H'00B6 H'00016C
IICIO (1-byte transmission/ IIC channel 0 92 H'00B8 H'000170 ICRC4
reception completed) (option)
DDCSWI (format switch) 93 H'00BA H'000174 Low
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Section 5 Interrupt Controller

Interrupt Source

Origin of
Interrupt Vector

Source

Vector Address

Normal

Number Mode

Advanced
Mode ICR Priority

IICI1 (1-byte transmission/ IIC channel 1 94 H'00BC H'000178 ICRC3 High
reception completed) (option) A
Reserved 95 H'00BE H'00017C
PS2IA (reception completed A)  Keyboard 96 H'00CO H'000180 ICRBO
PS2IB (reception completed B) gg;ft?(r)ller 97 H'00C2 H'000184
PS2IC (reception completed C) (PS2) 98 H'00C4 H'000188
Reserved 99 H'00C6 H'00018C
Reserved — 100 H'00C8 H'000190

to to to

103 H'00CE H'00019C Low
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Section 5 Interrupt Controller

54 Address Breaks

54.1 Features

With thisLSlI, it is possible to identify the prefetch of a specific address by the CPU and generate
an address break interrupt, using the ABRKCR and BAR registers. When an address break
interrupt is generated, address break interrupt exception handling is executed.

This function can be used to detect the beginning of execution of abug location in the program,
and branch to a correction routine.

54.2 Block Diagram

A block diagram of the address break function is shown in figure 5.5.

BAR ABRKCR

Match

c ‘ signal Control lodi Address break
omparator = ~ontrotiogic interrupt request

]

Internal address

Prefetch signal
(internal signal)

Figure5.5 Block Diagram of AddressBreak Function
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54.3 Operation

ABRKCR and BAR settings can be made so that an address break interrupt is generated when the
CPU prefetches the address set in BAR. This address break function issues an interrupt request to
the interrupt controller when the addressis prefetched, and the interrupt controller determines the
interrupt priority. When the interrupt is accepted, interrupt exception handling is started on
completion of the currently executing instruction. With an address break interrupt, interrupt mask
control by the | and Ul bitsin the CPU’s CCR isineffective.

The register settings when the address break function is used are as follows.

1. Setthe break addressin bits A23to A1l in BAR.

2. Set the BIE bit in ABRKCR to 1 to enable address breaks. An address break will not be
requested if the BIE bit is cleared to 0.

When the setting condition occurs, the CMF flag in ABRKCR isset to 1 and an interrupt is
requested. If necessary, the source should be identified in the interrupt handling routine.

544 Usage Notes

» With the address break function, the address at which the first instruction byteis located
should be specified as the break address. Occurrence of the address break condition may not be
recoghized for other addresses.

e Innorma mode, no comparison is made with address lines A23 to A16.

» If abranch instruction (Bcc, BSR), jump instruction (IMP, JSR), RTS instruction, or RTE
instruction is located immediately before the address set in BAR, execution of thisinstruction
will output a prefetch signal for that address, and an address break may be requested. This can
be prevented by not making a break address setting for an address immediately following one
of these instructions, or by determining within the interrupt handling routine whether interrupt
handling was initiated by a genuine condition occurrence.

e Asan address break interrupt is generated by a combination of the internal prefetch signal and
address, the timing of the start of interrupt exception handling depends on the content and
execution cycle of the instruction at the set address and the preceding instruction. Figure 5.6
shows some address timing examples.
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Section 5 Interrupt Controller

* Program area in on-chip memory, 1-state execution instruction at specified break address

Instruction Instruction Instruction Instruction Instruction  Internal Vector  Internal  Instruction
« fetch . fetch . fetch . fetch . fetch . operation. Stack save .+ fetch . operation. fetch

LJS T A A A
Address bus X H'0310 XH'0312>< H'O314>< H'O316>< H'0318 X SP-2 X SP-4 X H'0036 X

<A LA LA -
NOP NOP NOP Interrupt exception handling
execution execution execution

Break request
signal

H'0310 NOP

H'0312 NOP -e—— Breakpoint NOP instruction is executed at breakpoint address H'0312 and
H'0314 NOP next address, H'0314; fetch from address H'0316 starts after
H'0316 NOP end of exception handling.

Program area in on-chip memory, 2-state execution instruction at specified break address

Instruction Instruction Instruction Instruction Instruction Internal Vector Internal  Instruction
, fetch , fetch , fetch , fetch , fetch ,operation, Stack save , fetch , operation, fetch

o U
Address bus X H'OSlOXH'OSlZXH'03l4XH'0316>< H'0318 X SP-2 X SP-4 X H'0036 X

:\‘ > :\‘ -t Lo
NOP MOV.W Interrupt exception handling
execution execution
Break request
signal
H'0310 NOP
H0312 MOV.W #xx:16,Rd a—— Breakpoint MOV instruction is executed at breakpoint address H'0312,
H'0316 NOP NOP instruction at next address, H'0316, is not executed;
H'0318 NOP fetch from address H'0316 starts after end of exception handling.

Program area in external memory (2-state access, 16-bit-bus access),
1-state execution instruction at specified break address

Instruction Instruction Instruction Internal Vector Internal
' fetch ' fetch ' fetch Joperation,  Stack save ' fetch Loperation ,

- JUUUUUU L
Address bus X H'0310 X H'0312 >< H'0314 >< SP-2 X SP-4 X H'0036 X

NOP - Interrupt exception handling
execution
Break request
signal
H'0310 NOP
H0312 NOP -4—— Breakpoint NOP instruction at breakpoint address H'0312 is not executed;
:8212 mgg fetch from address H'0312 starts after end of exception handling.

Figure5.6 Examplesof AddressBreak Timing
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55 Interrupt Operation

551 Interrupt Control Modesand Interrupt Operation
Interrupt operationsin this LS| differ depending on the interrupt control mode.

NMI and address break interrupts are accepted at all times except in the reset state and the
hardware standby state. In the case of IRQ interrupts and on-chip supporting module interrupts, an
enable bit is provided for each interrupt. Clearing an enable bit to 0 disables the corresponding
interrupt request. Interrupt sources for which the enable bits are set to 1 are controlled by the
interrupt controller.

Table 5.5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in ICR, and the masking state indicated
by the | and Ul bitsin the CPU’s CCR.

Table55 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Register Mask Bits Description

0 0 0 ICR | Interrupt mask control is
performed by the | bit
Priority can be set with ICR

1 1 ICR [, Ul 3-level interrupt mask control
is performed by the | and Ul
bits

Priority can be set with ICR
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Figure 5.7 shows a block diagram of the priority decision circuit.

| Ul
ICR
Interrupt
Interrupt ——| acceptance control Default priority Vector
source | and 3-level mask 3 determination 3 number
control

Interrupt control modes
Oand 1

Figure5.7 Block Diagram of Interrupt Control Operation

Interrupt Acceptance Control and 3-Level Control

In interrupt control modes 0 and 1, interrupt acceptance control and 3-level mask control is
performed by means of the | and Ul bitsin CCR, and ICR (control level).

Table 5.6 shows the interrupts selected in each interrupt control mode.
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Table5.6 Interrupts Selected in Each Interrupt Control Mode

Interrupt Mask Bits

Interrupt Control Mode I Ul Selected Interrupts
0 0 * All interrupts (control level 1 has priority)
1 * NMI and address break interrupts
1 0 * All interrupts (control level 1 has priority)
1 0 NMI, address break and control level 1
interrupts
1 NMI, and address break interrupts
Legend:
*: Don't care

Default Priority Determination
The priority is determined for the selected interrupt, and a vector number is generated.

If the same valueis set for ICR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.
Table 5.7 shows operations and control signal functionsin each interrupt control mode.

Table5.7 Operationsand Control Signal Functionsin Each Interrupt Control Mode

. Interrupt Acceptance Control
Interrupt Setting 3-Level Control Default Priority T
Control Mode Determination (Trace)
INTM1 | INTMO | ul ICR
0 0 0 (@) IM — PR (@) —
1 0 1 (0] IM IM PR (@) —
Legend:

O: Interrupt operation control performed
IM:  Used as interrupt mask bit

PR: Sets priority

—: Not used
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55.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the | bit in the CPU’s CCR, and ICR. Interrupts are enabled when the | bit is cleared to
0, and disabled when set to 1. Control level 1 interrupt sources have higher priority.

Figure 5.8 shows a flowchart of the interrupt acceptance operation in this case.

1. If aninterrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

2. When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

3. Thel bit isthen referenced. If the | bit is cleared to O, the interrupt request is accepted. If the |
bit isset to 1, only NMI and address break interrupt are accepted, and other interrupt requests
are held pending.

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

5. The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

6. Next, thel bitin CCRisset to 1. This disables al interrupts except NMI and address break.

7. A vector addressis generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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Section 5 Interrupt Controller

1

| Program execution state |

.|

Interrupt generated?

Control level 1 Hold pending
interrupt? 1
Yes

No

| Save PC and CCR |

1

| |

1

| Read vector address |

1

|Branch to interrupt handling routine|

Figure5.8 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode O
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553 Interrupt Control Mode 1

Three-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by means of the | and Ul bitsin the CPU’s CCR, and ICR.

Control level 0 interrupt requests are enabled when the | bit is cleared to 0, and disabled when
setto 1.

Control level 1 interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

For example, if the interrupt enable bit for an interrupt request is set to 1, and H'20, H'00, and H'00
areset in ICRA, ICRB, and ICRC, respectively, (i.e. IRQ2 and IRQ3 interrupts are set to control
level 1 and other interrupts to control level 0), the situation is as follows:

When | =0, all interrupts are enabled

(Priority order: NMI > IRQ2 > IRQ3 > address break > |IRQ0 > IRQL1 ...)

When | =1 and Ul =0, only NMI, IRQ2, IRQ3 and address break interrupts are enabled
When | =1 and Ul =1, only NMI and address break interrupts are enabled

Figure 5.9 shows the state transitions in these cases.

Only NMI, IRQ2, IRQ3,
and address break
interrupts enabled

A

All interrupts enabled

Ul -0

Exception handling execution
orl «1,Ul 1

Exception handling execution
orUl « 1

Only NMI interrupts and

address break enabled

Figure5.9 Exampleof State Transitionsin Interrupt Control Mode 1
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Figure 5.10 shows a flowchart of the interrupt acceptance operation in this case.

1

If an interrupt source occurs when the corresponding interrupt enable bitisset to 1, an
interrupt request is sent to the interrupt controller.

When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt requests
are held pending. If a number of interrupt requests with the same control level setting are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

Thel bit isthen referenced. If the | bit is cleared to O, the Ul bit has no effect.

An interrupt request set to interrupt control level 0 is accepted when the | bit is cleared to 0. If
thel bitisset to 1, only an NMI and address break interrupts are accepted, and other interrupt
requests are held pending.

An interrupt request set to interrupt control level 1 has priority over an interrupt request set to
interrupt control level 0, and is accepted if the | bitiscleared to O, or if the | bitissetto 1 and
the Ul bit iscleared to 0.

When both the | bit and the Ul bit are set to 1, only an NMI and address break interrupts are
accepted, and other interrupt requests are held pending.

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

The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

Next, the | and Ul bitsin CCR are set to 1. Thisdisables al interrupts except NMI and address
break.

A vector address is generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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Interrupt Controller

'

| Program execution state |

.|

Interrupt generated?

Hold pending

A

Control level 1
interrupt?
Yes

'

| Save PC and CCR |

1

| LUl 1 |

Y

| Read vector address |

|Branch to interrupt handling routine|

Figure5.10 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 1
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554 Interrupt Exception Handling Sequence

Figure 5.11 shows the interrupt exception handling sequence. The example shown isfor the case
where interrupt control mode O is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure5.11 Interrupt Exception Handling
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555 Interrupt Response Times

This LSl are capable of fast word access to on-chip memory, and high-speed processing can be
achieved by providing the program area in on-chip ROM and the stack areain on-chip RAM.

Table 5.8 shows interrupt response times—the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The symbols used in table
5.8 are explained in table 5.9.

Table5.8 Interrupt Response Times

Number of States

No. Item Normal Mode Advanced Mode
Interrupt priority determination™* 3 3

2 Number of wait states until executing 1to 19+2-S, 1to 19+2-S,
instruction ends™”

3 PC, CCR stack save 2:S, 2:S,

4 Vector fetch S, 2:S,

5 Instruction fetch™* 2S, 2S,

6 Internal processing™* 2 2

Total (using on-chip memory) 11to 31 12 to 32

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table5.9 Number of Statesin Interrupt Handling Routine Execution

Object of Access

External Device

8-Bit Bus 16-Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S 1 4 6+2m 2 3+m

Branch address read S,

Stack manipulation S

K

Legend:
m: Number of wait states in an external device access
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5.6 Usage Notes

56.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such asBCLR or
MOV, if an interrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to O.

Figure 5.12 shows an example in which the CMIEA bit in 8-bit timer register TCR is cleared to O.

TCR write cycle by CPU CMIA exception handling

i e ot e —
| ]

Internal
address bus

TCR address X

Internal
write signal

CMIEA ! !

CMFA ! |

CMIA
interrupt signal

Figure5.12 Contention between Interrupt Generation and Disabling
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The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.

5.6.2 Instructions That Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts except NM| are disabled and the next instruction is always
executed. When the | bit or Ul bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

5.6.3 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPMOV .B instruction and the EEPM OV .W instruction.

With the EEPMOV .B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if aninterrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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57 DTC Activation by Interrupt

57.1 Overview
The DTC can be activated by an interrupt. In this case, the following options are available:

* Interrupt request to CPU
» Activation request to DTC
» Both of the above

For details of interrupt requests that can be used to activate the DTC, see section 7, Data Transfer
Controller (DTC).

572 Block Diagram

Figure 5.13 shows a block diagram of the DTC and interrupt controller.

DTC activation

i request vector
request Selection [ nu?nber
circuit
IRQ
interrupt ﬂ S_eleclt
signal .
g Clear signal Control logic bTC
~|Interrupt source DTCER
On-chip | clear signal Clear signal
supporting ——
module
DTVECR
SWBTE
clear signal CPU interrupt
request vector
inati number
Determlngtlon of CPU
priority
Interrupt controller I, Ul

Figure5.13 Interrupt Control for DTC
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573 Operation
Theinterrupt controller has three main functionsin DTC control.

Selection of Interrupt Source: It is possible to select DTC activation request or CPU interrupt
request with the DTCE hit of DTCERA to DTCERE inthe DTC.

After aDTC datatransfer, the DTCE hit can be cleared to 0 and an interrupt request sent to the
CPU in accordance with the specification of the DISEL bit of MRB inthe DTC.

When the DTC performs the specified number of data transfers and the transfer counter reaches 0,
following the DTC datatransfer the DTCE hit is cleared to 0 and an interrupt request is sent to the
CPU.

Determination of Priority: The DTC activation source is selected in accordance with the default
priority order, and is not affected by mask or priority levels. See section 7.3.3, DTC Vector Table,
for the respective priorities.

Operation Order: If the same interrupt is selected asa DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5.10 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTCE bit of DTCERA to DTCERE in the DTC and the DISEL bit of MRB
inthe DTC.

Table5.10 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * x A
1 0 A X

A

Legend:

A: The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

O: The relevant interrupt is used. The interrupt source is not cleared.
x: The relevant bit cannot be used.
*:  Don't care

Rev. 4.00 Sep 27,2006 page 149 of 1130
REJ09B0327-0400
RENESAS



Section 5 Interrupt Controller

Usage Note

SCI, 1IC, and A/D converter interrupt sources are cleared when the DTC reads or writesto the
prescribed register, and are not dependent upon the DISEL bit.
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Section 6 Bus Controller

Section 6 Bus Controller

6.1 Overview

This LSl have a built-in bus controller (BSC) that allows external address space bus specifications,
such as bus width and number of access states, to be set.

The bus controller also has abus arbitration function, and controls the operation of the internal bus
masters: the CPU and data transfer controller (DTC).

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

» Basic businterface
0 2-state access or 3-state access can be selected
O Program wait states can be inserted
e Burst ROM interface
O Externa space can be designated as ROM interface space
O 1-stateor 2-state burst access can be selected
* ldlecycleinsertion
O Anidle cycle can beinserted when an external write cycle immediately follows an external
read cycle
e Busarbitration function
O Includes abus arbiter that arbitrates bus mastership between the CPU and DTC
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

External bus control signals

Bus controller

Internal
control signals

WSCR

BCR

WAIT >

Wait controller

— Bus mode signal

Internal
data bus

Bus arbiter

l«—— CPU bus request signal
«—— DTC bus request signal

= CPU bus acknowledge signal
— DTC bus acknowledge signal

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6.1 summarizes the pins of the bus controller.

Table6.1 BusController Pins

Name Symbol 1/0 Function

Address strobe AS Output Strobe signal indicating that address output on
address bus is enabled (when IOSE bit is 0)

I/O select oS Output I/0 select signal (when IOSE bit is 1)

Read RD Output Strobe signal indicating that external space is
being read

High write HWR Output Strobe signal indicating that external space is
being written to, and that the upper data bus
(D15 to D8) is enabled

Low write LWR Output Strobe signal indicating that external space is
being written to, and that the lower data bus
(D7 to DO) is enabled

Wait WAIT Input Wait request signal when external 3-state

access space is accessed

6.1.4 Register Configuration

Table 6.2 summarizes the registers of the bus controller.

Table6.2 BusController Registers

Name Abbreviation R/W Initial Value Address”®
Bus control register BCR R/W H'D7 H'FFC6
Wait state control register WSCR R/W H'33 H'FFC7

Note: * Lower 16 bits of the address.
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6.2 Register Descriptions

6.2.1 Bus Control Register (BCR)

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

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

BCR is an 8-bit readable/writable register that specifies the external memory space access mode,
and the extent of the /O area when the /O strobe function has been selected for the AS pin.

BCRisinitialized to H'D7 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Ildle CycleInsert 1 (I1CIS1): Reserved. Do not write O to this bit.

Bit 6—Ildle Cyclelnsert O (IC1S0): Selects whether or not a one-state idle cycleisto be inserted
between bus cycles when successive external read and external write cycles are performed.

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether external space is designated as a burst
ROM interface space. The selection applies to the entire external space.

Bit 5

BRSTRM Description

0 Basic bus interface (Initial value)
1 Burst ROM interface
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Bit 4—Bur st Cycle Select 1 (BRSTS1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Bur st Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

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

Bits1 and 0—IOS Select 1 and 0 (I10S1, |0OS0): Seetable 6.4.

6.2.2 Wait State Control Register (WSCR)

Bit 7 6 5 4 3 2 1 0
| RAMS | RAMO | ABW | AST | WMS1 | WMSO0 | WC1 | WCO0 ‘
Initial value 0 0 1 1 0 0 1 1

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

WSCR is an 8-bit readable/writable register that specifies the data bus width, number of access
states, wait mode, and number of wait states for external memory space. The on-chip memory and
internal 1/0 register bus width and number of access states are fixed, irrespective of the WSCR
settings.

WSCRisinitialized to H'33 by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bit 7—RAM Select (RAM S)/Bit 6—RAM Area Setting (RAMO): Reserved bits. Always write
0 when writing to these bits in the A-mask version.

Bit 5—BusWidth Control (ABW): Specifies whether the external memory space is 8-bit access
space or 16-hit access space.

Bit 5

ABW Description

0 External memory space is designated as 16-bit access space

1 External memory space is designated as 8-bit access space (Initial value)

Bit 4—Access State Control (AST): Specifies whether the external memory space is 2-state
access space or 3-state access space, and simultaneously enables or disables wait state insertion.

Bit 4
AST Description
0 External memory space is designated as 2-state access space
Wait state insertion in external memory space accesses is disabled
1 External memory space is designated as 3-state access space (Initial value)

Wait state insertion in external memory space accesses is enabled

Bits3 and 2—Wait Mode Select 1 and 0 (WM S1, WM S0): These bits select the wait mode
when external memory space is accessed while the AST bit is set to 1.

Bit 3 Bit 2

WMS1 WMSO0 Description

0 0 Program wait mode (Initial value)
1 Wait-disabled mode

1 0 Pin wait mode
1 Pin auto-wait mode
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Bits 1 and 0—Wait Count 1 and 0 (WC1, WCOQ): These hits select the number of program wait
states when external memory space is accessed while the AST bit isset to 1.

Bit 1 Bit 0

WC1 WCOo Description

0 0 No program wait states are inserted
1 1 program wait state is inserted in external memory space accesses

1 0 2 program wait states are inserted in external memory space accesses
1 3 program wait states are inserted in external memory space accesses

(Initial value)

6.3 Overview of Bus Control

6.3.1 Bus Specifications

The external space bus specifications consist of three elements. bus width, number of access
states, and wait mode and number of program wait states.

The bus width and number of access states for on-chip memory and internal /O registers are
fixed, and are not affected by the bus controller.

Bus Width: A buswidth of 8 or 16 bits can be selected with the ABW bhit.

Number of Access States: Two or three access states can be selected with the AST bit.
When 2-state access space is designated, wait insertion is disabled. The number of access states on
the burst ROM interface is determined without regard to the AST bit setting.

Wait Mode and Number of Program Wait States. When 3-state access space is designated by
the AST bit, the wait mode and the number of program wait states to be inserted automatically is
selected with WM S1, WM SO, WC1, and WCO. From 0 to 3 program wait states can be selected.

Table 6.3 shows the bus specifications for each basic bus interface area.
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Table6.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

Bus Specifications (Basic Bus Interface)

Access Program

ABW AST WMS1 WMSO WCl1 WCO Bus Width  States Wait States
0 0 — — — — 16 2 0
1 0 1 — — 16 3 0
—* —* 0 0 3 0
1 1
1 0 2
1 3
1 0 — — — — 0
0 1 — — 0
—* —* 0 0 0
1 1
1 0 2
1 3

Note: * Except when WMS1 =0 and WMS0 =1

6.3.2 Advanced Mode

Theinitia state of the external spaceis basic businterface, three-state access space. In ROM-
enabled expanded mode, the space excluding the on-chip ROM, on-chip RAM, and internal 1/0
registersis external space. The on-chip RAM is enabled when the RAME bit in the system control
register (SY SCR) is set to 1; when the RAME bit is cleared to O, the on-chip RAM is disabled and
the corresponding space becomes external space.

6.3.3 Normal M ode

Theinitia state of the external memory space is basic businterface, three-state access space. In
ROM -disabled expanded mode, the space excluding the on-chip RAM and internal 1/O registersis
external space. In ROM-enabled expanded mode, the space excluding the on-chip ROM, on-chip
RAM, and internal 1/O registersis external space. The on-chip RAM is enabled when the RAME
bit in the system control register (SY SCR) is set to 1; when the RAME bit is cleared to 0, the on-
chip RAM isdisabled and the corresponding space becomes external space.
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6.3.4 I/O Select Signal

InthisLSI, an 1/0 select signal (I0S) can be output, with the signal output going low when the
designated external spaceis accessed.

Figure 6.2 shows an example of 10S signal output timing.

! Bus cycle |
T1 T2 T3
)
Address bus >< External address in 10S set range B

Figure6.2 IOS Signal Output Timing

Enabling or disabling of TOS signal output is controlled by the setting of the IOSE bit in SYSCR.
In expanded mode, this pin operates as the AS output pin after a reset, and therefore the |OSE bit
in SYSCR must be set to 1 in order to use this pin as the IOS signal output. See section 8, 1/0
Ports, for details.

The range of addresses for which the IOS signal is output can be set with bits 10S1 and 10S0 in
BCR. The IOS signal address ranges are shown in table 6.4.

Table6.4 TOS Signal Output Range Settings

10S1 10S0 10S Signal Output Range
0 0 H'(FF)F000 to H'(FF)FO3F
1 H'(FF)F000 to H'(FF)FOFF
1 0 H'(FF)F000 to H'(FF)F3FF
1 H'(FF)FO00 to H'(FF)FE4F* (Initial value)

Note: * Inthe H8S/2148 and H8S/2147 F-ZTAT A-mask version, the address range is from
H'(FF)F000 to H'(FF)F7FF.
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6.4 Basic BusInterface

6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with the ABW bit, the AST bit, and the WM S1, WM S0,
WC1, and WCQO bits (see table 6.3).

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has adata alignment function, and when accessing external space, controls whether the
upper data bus (D15 to D8) or lower databus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-hit access space or 16-hit access space) and the data
size.

8-Bit Access Space

Figure 6.3 illustrates data alignment control for the 8-bit access space. With the 8-bit access space,
the upper data bus (D15 to D8) is always used for accesses. The amount of datathat can be
accessed at one time is one byte: aword accessis performed as two byte accesses, and alongword
access, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte size [0

Word s 7lstbuscycle | : : : : : : :
rasze | andbusoyle [ ]

[ 1st bus cycle

Longword size 2nd bus cycle

3rd bus cycle

| 4th bus cycle

Figure6.3 Access Sizesand Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space

Figure 6.4 illustrates data alignment control for the 16-bit access space. With the 16-hit access
space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are used for accesses. The
amount of data that can be accessed at one time is one byte or one word, and alongword access is
executed as two word accesses.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper databusis used for an even address, and the lower data bus for an odd

address.

Byte size
Byte size

Word size

Longword
size

» Even address
» Odd address

1st bus cycle
2nd bus cycle

Lower data bus
D8, D7 DO,

Upper data bus
D15

Figure6.4 Access Sizesand Data Alignment Control (16-Bit Access Space)
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6.4.3 Valid Strobes
Table 6.5 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the
data bus.

In awrite, the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the
lower half.

Table6.5 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower Data Bus
Area Size Write Address Strobe (D15 to D8) (D7 to DO)
8-bit access  Byte Read — RD Valid Port, etc.
Space Write — HWR Port, etc.
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Undefined
Odd LWR Undefined Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid
Legend:
Undefined: Undefined data is output.
Invalid: Input state; input value is ignored.
Port, etc.: Pins are used as port or on-chip supporting module input/output pins, and not as data
bus pins.
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6.4.4 Basic Timing
8-Bit 2-State Access Space

Figure 6.5 shows the bus timing for an 8-bit 2-state access space. When an 8-bit access spaceis
accessed, the upper half (D15 to D8) of the data busis used.

Wait states cannot be inserted.

e Buscycle —— =

T T, 3
)

Address bus >< X
AS/IOS (IOSE = 1) \ /
AS/IOS (I0SE = 0) I :

RD |
Read { DI51t0D8 | ‘ { valid |}—
D7 to DO } { Invalid | F—
AWR s i
Write |
D15 to D8 ~—< " Valid >7

Figure6.5 BusTimingfor 8-Bit 2-State Access Space
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8-Bit 3-State Access Space

Figure 6.6 shows the bus timing for an 8-bit 3-state access space. When an 8-bit access spaceis
accessed, the upper half (D15 to D8) of the data busis used.

Wait states can be inserted.

Bus cycle -

'S

Address bus >< : |

AS/IOS (I0SE = 1) \ 1

AS/10S (IOSE = 0)

Read 4 D15to D8 1 Valid
D7 to DO — 3 3 { Invalid | }—

—_—

HWR

Write

D15 to D8 4< valid ! >—

Figure6.6 BusTiming for 8-Bit 3-State Access Space
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16-Bit, 2-State Access Space

Figures 6.7 to 6.9 show the bus timing for 16-hit, 2-state access space. When 16-bit access spaceis
accessed, the upper data bus (D15 to D8) is used for even addresses and the lower data bus (D7 to
DO) for odd addresses.

Wait states cannot be inserted.

———————Buscycle ——»

Ty

Address bus ><

AS/IOS (I0SE = 1) \

AS/IOS (I0SE = 0)

Read ¢ D15to D8 : Valid

D7 to DO i Invalid |

el

TWR High

D15 to D8 —H . Valid >—
D7 to DO H ! Undefined >7

Write

Figure6.7 16-Bit, 2-State Access Space Bus Timing (1)
(Even Address Byte Access)
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«— Buscycle——— =

AS/IOS (IOSE = 0) ‘ !

Ta ! T2
¢
Address bus >< x
AS/IOS (IOSE = 1) \ ! /

Read { D15to D8 j { Invalid |}—
D7 to DO j { valid |}—

T
B y)

Write

D15 to D8 —< " Undefined >7
D7 to DO *—< '~ Valid >7

Figure 6.8 16-Bit, 2-State Access Space Bus Timing (2)
(Odd Address Byte Access)
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e Buscycle ————————»

AS/IOS (IOSE = 0) ; !

Ty ! T2
¢
Address bus >< it
AS/IOS (I0SE = 1) \ ! /

Read { D15to D8 j { valid }—
D7 to DO j { valid }—

LWR

Write

D15 to D8 —< . Valid >7
D7 to DO *—< '~ Valid >7

Figure6.9 16-Bit, 2-State Access Space Bus Timing (3)
(Word Access)
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16-Bit, 3-State Access Space

Figures 6.10 to 6.12 show the bus timing for 16-bit, 3-state access space. When 16-bit access
space is accessed, the upper data bus (D15 to D8) is used for even addresses and the lower data
bus (D7 to DO) for odd addresses.

Wait states can be inserted.

- Bus cycle -

Ty T T3

Address bus ><

AS/IOS (I0SE = 1) \

AS/IOS (IOSE = 0)

RD ! !

Read { D15 t0 D8 — j ‘ { valid |}—

D7 to DO ‘ Invalid |
AWR | |
WR | . High
Write ;
D15 to D8 4< 3 valid | >—
D7 to DO ——< : Undefined

Figure6.10 16-Bit, 3-State Access Space Bus Timing (1)
(Even Address Byte Access)
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- Bus cycle -
T1 Tz : T3
®
Address bus >< y
AS/OS (IOSE = 1) \ | /
AS/IOS (IOSE=0) | |
RD | | |
Read 4 D15 to D8 ——; ] 3 { Invalid | }—
D7 to DO —— ] valid |
AWR | " High 3
LWR i ‘
Write ! |
D15 to D8 4< ] Undefined | >7
D7 to DO ——< Valid | >7

Figure6.11 16-Bit, 3-State Access Space Bus Timing (2)
(Odd Address Byte Access)
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- Bus cycle >~

Address bus ><

AS/IOS (IOSE = 1)

AS/10S (IOSE = 0)

RD | | |
Read < D15 to D8

[

b=

D7 to DO @
-

T
0

Write

D15 to D8 ‘ j Valid

D7 to DO 4—< Valid

Figure6.12 16-Bit, 3-State Access Space Bus Timing (3)
(Word Access)
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6.4.5 Wait Control

When accessing external space, the MCU can extend the bus cycle by inserting one or more wait
states (T,,). There are three ways of inserting wait states: program wait insertion, pin wait insertion
using the WAIT pin, and a combination of the two.

Program Wait Mode: In program wait mode, the number of T, states specified by bits WC1 and
WCO are dways inserted between the T, and T, states when external space is accessed.

Pin Wait Mode: In pin wait mode, the number of T, states specified by bits WC1 and WCO are
always inserted between the T, and T, states when external space is accessed. If the WAIT pinis
low at thefall of @inthelast T, or T,, state, another T, state is inserted. If the WAIT pinisheld
low, T, states are inserted until it goes high.

Pin wait mode is useful for inserting four or more wait states, or for changing the number of T,
states for different externa devices.

Pin Auto-Wait Mode: In pin auto-wait mode, if the WAIT pinislow at thefal of @intheT,
state, the number of T,, states specified by bits WC1 and WCO are inserted when external spaceis
accessed. No additional T, states are inserted even if the WAIT pin remains low. Pin auto-wait
mode can be used for an easy interface to low-speed memory, simply by routing the chip select
signal to the WAIT pin.

Figure 6.13 shows an example of wait state insertion timing.
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By program wait

Ty T

By WAIT pin

A
Y
A
Y
A

8
I

|

=
=
_|

Address bus :><

AS/10S (I0SE = 0)

-

( Read data )—

RD
Read
Data bus
HWR, LWR
Write
Data bus —< Write data

Note: l indicates the timing of WAIT pin sampling using the ¢ clock.

Figure6.13 Example of Wait State Insertion Timing

The settings after areset are: 3-state access, insertion of 3 program wait states, and WAIT input

disabled.
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6.5 Burst ROM Interface

6.5.1 Overview

With thisLSI, external space area 0 can be designated as burst ROM space, and burst ROM
interfacing can be performed.

External space can be designated as burst ROM space by means of the BRSTRM bit in BCR.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

6.5.2 Basic Timing

The number of statesin theinitial cycle (full access) of the burst ROM interface isin accordance
with the setting of the AST bit. Also, when the AST bit is set to 1, wait state insertion is possible.
One or two states can be selected for the burst cycle, according to the setting of the BRSTS1 hit in
BCR. Wait states cannot be inserted.

When the BRSTS0 bit in BCR is cleared to 0, burst access of up to 4 words s performed; when
the BRSTSO bit is set to 1, burst access of up to 8 wordsis performed.

The basic accesstiming for burst ROM spaceis shown in figures 6.14 (@) and (b). Thetiming
shown in figure 6.14 (@) is for the case where the AST and BRSTSL1 bits are both set to 1, and that
in figure 6.14 (b) is for the case where both these bits are cleared to 0.
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Full access Burst access
T, ‘ T, ‘ Ts T, ‘ T, T, ‘ T,
™ g g N T
?
\/
Address bus >< Only lower ad}i\ress changed

AS/10S (I0SE = 0)
RD r
Data bus —< Read data >—< Read data >—< Read data >‘

Figure6.14 (a) Example of Burst ROM Access Timing (when AST = BRSTS1 =1)

Full access Burst access

: ( \/ ) :
Address bus ><On|y lower address changed
/\

AS/I0S (IOSE = 0)

Data bus 4< Read data ><Read data><Read data>i

Figure6.14 (b) Example of Burst ROM Access Timing (when AST = BRSTS1 = 0)
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6.5.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 6.4.5, Wait
Control.

Wait states cannot be inserted in aburst cycle.
6.6 Idle Cycle

6.6.1 Operation

When this LSI chip accesses external space, it can insert a 1-state idle cycle (T,) between bus
cycleswhen awrite cycle occursimmediately after aread cycle. By inserting an idle cycleitis
possible, for example, to avoid data collisions between ROM, with along output floating time, and
high-speed memory, 1/0 interfaces, and so on.

If an external write occurs after an external read whilethe ICISO bitin BCRissetto 1, anidle
cycleisinserted at the start of the write cycle. Thisis enabled in advanced mode and normal
mode.

Figure 6.15 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycle isinserted, and a data collision is prevented.
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, BuscycleA  Buscycle B ‘ Buscycle A = BuscycleB ‘
i Tl T2 TS i Tl T2 i i Tl T2 T3 i TI Tl T2 i
o [ LTI LI LI LT o [ LI LT LI LILILI
Address bus j 9( X: Address busj X X:

gy
o F

Data bus j—(

Long output
floating time

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.15 Example of Idle Cycle Operation

6.6.2 Pin Statesin Idle Cycle
Table 6.6 shows pin statesin an idle cycle.

Table6.6 Pin Statesin Idle Cycle

Pins Pin State

A23 to A0, I0S Contents of next bus cycle
D15 to DO High impedance

AS High

RD High

HWR, LWR High
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6.7 Bus Arbitration

6.7.1 Overview
This LSl have abus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and the DTC, which perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of a bus request signal. The
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means of a
bus request acknowledge signal. The selected bus master then takes possession of the bus and
beginsits operation.

6.7.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
both bus masters, the bus request acknowledge signal is sent to the one with the higher priority.
When a bus master receives the bus request acknowledge signal, it takes possession of the bus

until that signal is canceled.

The order of priority of the bus mastersis asfollows:

(Highy DTC > CPU  (Low)
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6.7.3 Bus Transfer Timing

Even if abusrequest is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the busis not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU

The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC, the bus
arbiter transfers the busto the DTC. Thetiming for transfer of the busis as follows:

» Thebusistransferred at a break between bus cycles. However, if abus cycleis executed in
discrete operations, as in the case of alongword-size access, the busis not transferred between
the operations.

See appendix A.5, Bus States during Instruction Execution, for timings at which the busis not
transferred.

e Ifthe CPU isin deep mode, it transfers the bus immediately.

DTC
The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC does nhot release the bus until it has completed a series of processing operations.
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Section 7 Data Transfer Controller (DTC)
Provided in the H85/2148 Group; not provided in the H85/2144 Group and H8S/2147N.

71 Overview

The H85/2148 Group includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data

711 Features

» Transfer possible over any number of channels

O Transfer information is stored in memory

O One activation source can trigger a number of data transfers (chain transfer)
* Widerange of transfer modes

O Normal, repeat, and block transfer modes available

O Incrementing, decrementing, and fixing of transfer source and destination addresses can be
selected

» Direct specification of 16-Mbyte address space possible
O 24-bit transfer source and destination addresses can be specified
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends
O Aninterrupt request can be issued to the CPU after all specified data transfers have ended
e Activation by software is possible
¢ Module stop mode can be set

O Theinitia setting enables DTC registersto be accessed. DTC operation is halted by setting
module stop mode
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7.1.2 Block Diagram
Figure 7.1 shows a block diagram of the DTC.

The DTC s register information is stored in the on-chip RAM™. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-hit/1-state reading and writing of the DTC register
information.

Note: * Whenthe DTC isused, the RAME bit in SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c
o |
a 1
< wlfx S £
Interrupt oo e 2| el g !
requestD O=Ol> > g | |z <|< o .
o allo =7 c S<|o|Qjv Q .
Qo Q e 23
g2 | © <lo|o >
20 o [T
o= = x
© |
@)
'_
CPU interrupt Internal data bus
request
Legend:

MRA, MRB: DTC mode registers A and B

CRA, CRB: DTC transfer count registers A and B
SAR: DTC source address register

DAR: DTC destination address register
DTCERA to DTCERE: DTC enable registers Ato E
DTVECR: DTC vector register

Figure7.1 Block Diagram of DTC
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7.1.3

Register Configuration

Table 7.1 summarizes the DTC registers.

Table7.1 DTC Registers

Name Abbreviation R/W Initial Value  Address™

DTC mode register A MRA —**  Undefined —*3

DTC mode register B MRB —**  Undefined —*

DTC source address register SAR —**  Undefined —*3

DTC destination address register ~ DAR —*? Undefined —*

DTC transfer count register A CRA —**  Undefined —*3

DTC transfer count register B CRB —** Undefined —*

DTC enable registers DTCER** R/W  H00 H'FEEE to H'FEF2

DTC vector register DTVECR™ R/W  H'00 H'FEF3

Module stop control register MSTPCRH R/W  H'3F H'FF86
MSTPCRL R/W  H'FF H'FF87

Notes: 1.

Lower 16 bits of the address.

2. Registers within the DTC cannot be read or written to directly.
3. Allocated to on-chip RAM addresses H'ECOO0 to H'EFFF as register information.

They cannot be located in external memory space.
When the DTC is used, do not clear the RAME bit in SYSCR to 0.

4. The H8S/2144 Group and H8S/2147N do not include an on-chip DTC, and therefore the
DTCER and DTVECR register addresses should not be accessed by the CPU.
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7.2 Register Descriptions

721  DTC ModeRegister A (MRA)

Bit 7 6 5 4 3 2 1 0
| SM1 | SMO | DM1 | DMO | MD1 | MDO | DTS | Sz |
Initial value Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

Read/Write — — — — — — — —

MRA is an 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source Address Mode 1 and 0 (SM 1, SMO0): These bits specify whether SAR is
to be incremented, decremented, or |eft fixed after a data transfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by 1 when Sz = 0; by 2 when Sz = 1)
1 SAR is decremented after a transfer

(by 1 when Sz = 0; by 2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM 1, DMO0): These bits specify whether
DAR isto be incremented, decremented, or |eft fixed after a data transfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by 1 when Sz = 0; by 2 when Sz = 1)
1 DAR is decremented after a transfer

(by 1 when Sz = 0; by 2 when Sz = 1)
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Bits3and 2—DTC Mode (MD1, MDQ): These hits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 J—

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
sideis set to be arepeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifies the size of datato be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer
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722  DTC ModeRegister B (MRB)

Bit 7 6 5 4 3 2 1 0
lcwne [oiset | — | — | — | — | — | — |
Initial value Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

Read/Write — — — — — — — _

MRB isan 8-hit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. In chain transfer,
multiple data transfers can be performed consecutively in response to asingle transfer request.
With data transfer for which CHNE is set to 1, there is no determination of the end of the specified
number of transfers, clearing of the interrupt source flag, or clearing of DTCER.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after a data transfer.

Bit 6
DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the
interrupt source flag of the activating interrupt to 0)

Bits5to 0—Reserved: In the H8S/2148 Group these bits have no effect on DTC operation, and
should always be written with O.
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7.2.3 DTC Source Address Register (SAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0

Initial value  Unde- Unde- Unde-Unde- Unde- --- Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

Read/write —_ = = = — - _ = = = —

SAR isa24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

724 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 --- 4 3 2 1 0

Initial value  Unde- Unde- Unde-Unde- Unde- --- Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

Read/write —_ = = = — - _ = = = —

DAR isa24-bit register that designates the destination address of datato be transferred by the
DTC. For word-size transfer, specify an even destination address.
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7.25 DTC Transfer Count Register A (CRA)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value  Unde- Unde- Unde-Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write — — — — — @ — @ — @ — @ — @ — @ — @ — = = = =

-« CRAH — »=w+——————————— CRAL —»

CRA isa 16-bit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA register functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.

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

7.2.6 DTC Transfer Count Register B (CRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value  Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write @ — — — — — @ — @ — @ — @ — @ — @ — — — = = —

CRB is a 16-hit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.
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7.2.7 DTC Enable Registers (DTCER)

Bit 7 6 5 4 3 2 1 0
| DTCE7 | DTCE6| DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO ‘
Initial value 0 0 0 0 0 0 0 0

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

The DTC enable registers comprise five 8-bit readable/writable registers, DTCERA to DTCERE,
with bits corresponding to the interrupt sources that can activate the DTC. These bits enable or
disable DTC service for the corresponding interrupt sources.

The DTC enableregisters are initialized to H'00 by areset and in hardware standby mode.

Bit n—DTC Activation Enable (DTCEn)

Bit n

DTCEn Description

0 DTC activation by interrupt is disabled (Initial value)
[Clearing conditions]
* When data transfer ends with the DISEL bit set to 1
e When the specified number of transfers end

1 DTC activation by interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
Note: n=71t00

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bitsis shown in table 7.4, together with the vector number
generated by the interrupt controller in each case.

For DTCE bit setting, read/write operations must be performed using bit-manipulation instructions
such as BSET and BCLR. For theinitial setting only, however, when multiple activation sources
are set at onetime, it is possible to disable interrupts and write after executing adummy read on
the relevant register.
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728  DTC Vector Register (DTVECR)

Bit 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVEC5|DTVEC4|DTVEC3|DTVEC2 |DTVEC1|DTVECO
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)*  R/W RIW RIW RIW RIW RIW RIW

Note: * A value of 1 can always be written to the SWDTE bit, but O can only be written after 1
is read.

DTVECR is an 8-bit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

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

Bit 7—DTC Softwar e Activation Enable (SWDTE): Specifies enabling or disabling of DTC
software activation. To clear the SWDTE bit by software, read SWDTE when set to 1, then write O
in the bit.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing condition]
When the DISEL bit is 0 and the specified number of transfers have not ended

1 DTC software activation is enabled

[Holding conditions]

* When data transfer ends with the DISEL bit set to 1
* When the specified number of transfers end

« During software-activated data transfer

Bits 6 to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECOQ): These bits
specify avector number for DTC software activation.

The vector address is H'0400 + (vector number) << 1 (where << 1 indicates a 1-bit left shift). For
example, if DTVEC6 to DTVECO = H'10, the vector address is H'0420.
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7.29 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15

MSTP14

MSTP13

MSTP12

MSTP11

MSTP10|

MSTP9

MSTP8

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

MSTP7

MSTP6

MSTP5

MSTP4

MSTP3

MSTP2

MSTP1

MSTPO

MSTPCR, comprising two 8-bit readable/writable registers, performs module stop mode control.

When the MSTP14 bit in MSTPCR is set to 1, the DTC operation stops at the end of the bus cycle
and atransition is made to module stop mode. Note that 1 cannot be written to the MSTP14 bit
when the DTC is being activated. For details, see section 25.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 6—Module Stop (M STP14): Specifies the DTC module stop mode.

MSTPCRH

Bit 6

MSTP14  Description

0 DTC module stop mode is cleared (Initial value)
1 DTC module stop mode is set

7.3 Operation

7.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
data on the basis of that register information. After the data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible to
perform a number of transfers with a single activation.

Figure 7.2 shows aflowchart of DTC operation.
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Read DTC vector

Next transfer

vy

Read register information

Y

Data transfer

v

Write register information

Y

No

Transfer counter =

or DISEL =12 Yes
Y
Clear activation flag Clear DTCER
End Interrupt e>_<ception
handling

Figure7.2 Flowchart of DTC Operation
The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed.

Table 7.2 outlines the functions of the DTC.
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Table7.2 DTC Functions

Address Registers
Transfer Transfer

Transfer Mode Activation Source Source Destination
o Normal mode - IRQ 24 bits 24 bits
O One transfer request transfers one e FRTICI, OCI
byte or one word «  8-bit timer CMI
O Memory addresses are incremented « Host interface IBF
or decremented by 1 or 2 «  SCITXl or RXI
0 Up to 65,536 transfers possible « A/D converter ADI
* Repeat mode . ncic
O One transfer request transfers one . Software
byte or one word
O Memory addresses are incremented
or decremented by 1 or 2
O After the specified number of transfers

(1 to 256), the initial state resumes and
operation continues

* Block transfer mode

ad

One transfer request transfers a block
of the specified size

Block size is from 1 to 256 bytes or
words

Up to 65,536 transfers possible

A block area can be designated at either
the source or destination

732

Activation Sources

The DTC operates when activated by an interrupt or by awriteto DTVECR by software (software
activation). An interrupt request can be directed to the CPU or DTC, as designated by the
corresponding DTCER hit. The interrupt request is directed to the DTC when the corresponding
bit is set to 1, and to the CPU when the bit is cleared to 0.

At the end of one data transfer (or the last of the consecutive transfers in the case of chain transfer)
the interrupt source or the corresponding DTCER bhit is cleared. Table 7.3 shows activation
sources and DTCER clearing.
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The interrupt source flag for RXI0, for example, is the RDRF flag in SCIO.

Table7.3  Activation Sourcesand DTCER Clearing

When DISEL Bit Is 0 and When DISEL BitIs 1 or
Activation Specified Number of Transfers Specified Number of Transfers
Source Have Not Ended Have Ended
Software SWDTE bit cleared to 0 e SWDTE bit held at 1
activation * Interrupt request sent to CPU
Interrupt e Corresponding DTCER bit held e Corresponding DTCER bit cleared to 0
activation atl e Activation source flag held at 1
* Activation source flag cleared + Activation source interrupt request
to0 sent to CPU

Figure 7.3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.

Source flag cleared

Clear
control
Clear
A
DTCER
Clear request
Select
) |
On-chip -
supporting - > DTC
=}
module 3]
©
. - c
IRQ interrupt ™ o
Interrupt °
()
request o) -
DTVECR o »{ Interrupt controller CPU

Interrupt mask

Figure7.3 Block Diagram of DTC Activation Source Control

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC is activated in accordance with the default priorities.
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7.33 DTC Vector Table
Figure 7.4 shows the correspondence between DTC vector addresses and register information.

Table 7.4 shows the correspondence between activation sources, vector addresses, and DTCER
bits. When the DTC is activated by software, the vector addressis obtained from: H'0400 +
DTVECR[6:0] << 1 (where << 1 indicates a 1-bit left shift). For example, if DTVECR isH'10, the
vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector addressis the same in both normal and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.

m \—/_\
DTC vector Register information / . . -
e — Register information

address start address

.

Chain transfer
~N_ ~N_

Figure7.4 Correspondence between DTC Vector Address and Register Information
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Table7.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of Vector Vector

Interrupt Source Interrupt Source Number  Address DTCE*  Priority
Write to DTVECR Software DTVECR H'0400+ — High

(Decimal DTVECR A

indication) [6:0] << 1
IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5S
IRQ3 19 H'0426 DTCEA4
ADI (A/D conversion end) A/D 28 H'0438 DTCEA3
ICIA (FRT input capture A) FRT 48 H'0460 DTCEA2
ICIB (FRT input capture B) 49 H'0462 DTCEA1
OCIA (FRT output compare A) 52 H'0468 DTCEAO
OCIB (FRT output compare B) 54 H'046A DTCEB7
CMIAO (TMRO compare-match A) TMRO 64 H'0480 DTCEB2
CMIBO (TMRO compare-match B) 65 H'0482 DTCEB1
CMIAL (TMR1 compare-match A) TMR1 68 H'0488 DTCEBO
CMIB1 (TMR1 compare-match B) 69 H'048A DTCECY
CMIAY (TMRY compare-match A) TMRY 72 H'0490 DTCECS6
CMIBY (TMRY compare-match B) 73 H'0492 DTCEC5
IBF1 (IDR1 reception completed) HIF 76 H'0498 DTCEC4
IBF2 (IDR2 reception completed) 77 H'049A DTCEC3
RXI0 (reception completed 0) SClI channel 0 81 H'04A2 DTCEC2
TXIO (transmit data empty 0) 82 H'04A4 DTCEC1
RXI1 (reception completed 1) SCI channel 1 85 H'04AA DTCECO
TXI1 (transmit data empty 1) 86 H'04AC DTCED7
RXI2 (reception completed 2) SCI channel 2 89 H'04B2 DTCEDG6
TXI2 (transmit data empty 2) 90 H'04B4 DTCEDS
IICIO (1ICO 1-byte transmission/ 11ICO (option) 92 H'04B8 DTCED4
reception completed)
IICI1 (IIC1 1-byte transmission/ IIC1 (option) 94 H'04BC DTCEDS
reception completed) Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
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7.34 L ocation of Register Information in Address Space
Figure 7.5 shows how the register information should be located in the address space.

Locatethe MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (vector address contents). In chain transfer, locate the register
information in consecutive areas.

L ocate the register information in the on-chip RAM (addresses: H'FFECO00 to H'FFEFFF).

/\/
Lower address
0 1 2 3
Register information —| MRA SAR
start address MRB DAR Register information
) CRA CRB
Chain transfer
= MRA SAR o _
Register information
MRB DAR for 2nd transfer
CRA | CRB in chain transfer
4 bytes
/\/

Figure7.5 Location of DTC Register Information in Address Space
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7.35 Normal Mode

In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a

CPU interrupt can be requested.

Table 7.5 lists the register information in normal mode and figure 7.6 shows memory mapping in

normal mode.

Table7.5 Register Information in Normal Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register A CRA Transfer count
DTC transfer count register B CRB Not used
N N
SAR —» E— ~— DAR
Transfer
~N_ ~N_

Figure7.6 Memory Mappingin Normal Mode
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7.3.6 Repeat Mode
In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial addressregister state specified by the transfer counter and repeat area resumes and transfer
is repeated. In repeat mode the transfer counter does not reach H'00, and therefore CPU interrupts
cannot be requested when DISEL = 0.

Table 7.6 lists the register information in repeat mode and figure 7.7 shows memory mapping in
repeat mode.

Table7.6 Register Information in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Transfer count
DTC transfer count register B CRB Not used
N N
gﬁﬁ or4> Repeat area < > - gﬁs or
Transfer
~N_ ~N_

Figure7.7 Memory Mapping in Repeat Mode
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7.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is specified as a block area.

The block sizeis 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified in the block areaisrestored. The other address register is
successively incremented or decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 7.7 lists the register information in block transfer mode and figure 7.8 shows memory
mapping in block transfer mode.

Table7.7 Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Transfer source address
DTC destination address register DAR Transfer destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Block size count

DTC transfer count register B CRB Transfer counter
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SAR or
DAR

R

H First block
u N
<:> Block area
- -1 Transfer [
I 1 m
Nth block
m

DAR or
“ SAR

Figure7.8 Memory Mapping in Block Transfer Mode
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7.3.8 Chain Transfer

Setting the CHNE hit to 1 enables a number of data transfers to be performed consecutively in
response to asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 7.9 shows memory mapping for chain transfer.

T~

Source

Destination

Register information

—/
CHNE =1
DTC vector Register information
address start address
Register information
CHNE =0
r Source

LN L
) Destination

Figure7.9 Memory Mappingin Chain Transfer

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL hit to 1, and the interrupt
source flag for the activation source is not affected.
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7.3.9 Operation Timing

Figures 7.10 to 7.12 show examples of DTC operation timing.

¢ Sy gyL
DTC activation \
request /

DTC J \—
request

Data transfer

Vector read

B S
s O OO0k 00
- > -

Transfer Transfer
information read information write

Figure7.10 DTC Operation Timing (Normal Mode or Repeat Mode)

v JUuvvuvududuuyn UL
DTC activation

request / \
DTC request / \

Data transfer

Vector read

B e — ]
s O OOk 00

- -
Transfer Transfer
information read information write

Figure7.11 DTC Operation Timing (Block Transfer Mode, with Block Size of 2)
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¢ Juyytiuyiiuyiryyiuyuyyuyyt

DTC activation
request J \—
DTC
request J \_
Data transfer Data transfer
Vector read - -
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure7.12 DTC Operation Timing (Chain Transfer)

7.3.10 Number of DTC Execution States

Table 7.8 lists execution phases for asingle DTC data transfer, and table 7.9 shows the number of
states required for each execution phase.

Table7.8 DTC Execution Phases

Register Information Internal
Vector Read Read/Write Data Read Data Write Operation
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

Legend:
N: Block size (initial setting of CRAH and CRAL)
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Section 7 Data Transfer Controller (DTC)

Table7.9 Number of States Required for Each Execution Phase

On- On-
Chip Chip Internal /O
Object of Access RAM ROM Registers External Devices
Bus width 32 16 8 16 8 8 16 16
Access states 1 1 2 2 2 3 2 3
Execution Vector read S — 1 — — 4 6+2m 2 3+m
phase Register S, 1 — — — — — — —
information
read/write
Byte data read S, 1 1 2 2 2 3+m 2 3+m
Word dataread S, 1 1 4 2 4 6+2m 2 3+m
Byte data write S 1 1 2 2 2 3+m 2 3+m
Word datawrite S~ 1 1 4 2 4 6+2m 2 3+m
Internal operation S, 1 1 1 1 1 1 1 1

The number of execution statesis calculated from the formula below. Note that ¥ means the sum
of al transfers activated by one activation event (the number for which the CHNE bit is set to one,
plus1).

Number of execution states=1-S+3X(J-S;+K-S +L-S)+M-S,

For example, when the DTC vector address table islocated in on-chip ROM, normal modeis set,
and datais transferred from the on-chip ROM to an internal 1/0 register, the time required for the
DTC operation is 13 states. The time from activation to the end of the datawrite is 10 states.
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7311 Proceduresfor Usingthe DTC

Activation by Interrupt

The procedure for using the DTC with interrupt activation is as follows:

1

2.

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.
Set the corresponding bitin DTCER to 1.

Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.

After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE bhit to 1.

Activation by Software

The procedure for using the DTC with software activation is as follows:

1

2.

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.

Check that the SWDTE bit is 0.

Write 1 in the SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE hit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of datatransfers have ended, the
SWDTE hit isheld at 1 and a CPU interrupt is requested.
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Section 7 Data Transfer Controller (DTC)

7.3.12 Examplesof Useof theDTC
Normal Mode
An exampleis shown in which the DTC is used to receive 128 bytes of dataviathe SCI.

1. Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM 1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM area where the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the register information at the DTC vector address.
3. Set the corresponding bit in DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RX1) interrupt. Since the generation of areceive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

5. Each time reception of one byte of data ends on the SCI, the RDRF flag in SSRis set to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DAR isincremented and CRA is decremented. The RDRF flag is
automatically cleared to 0.

6. When CRA becomes O after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTCE hit iscleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.
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Softwar e Activation

An example is shown in which the DTC is used to transfer ablock of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the destination addressiis
H'2000. The vector number is H'60, so the vector address is H'04CO.

1. Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 = 1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS hit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

2. Set the start address of the register information at the DTC vector address (H'04C0).

3. Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

4. Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write datais H'EOQ.

5. Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. Thisis presumably because an interrupt occurred between steps
3 and 4 and led to adifferent software activation. To activate this transfer, go back to step 3.

6. If thewrite was successful, the DTC is activated and a block of 128 bytes of dataistransferred.

7. After thetransfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE hit to 0 and perform other wrap-up processing.
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7.4 Interrupts

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or adata transfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software-activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit isheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE hit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

7.5 Usage Notes
Module Stop

When the MSTP14 bit in MSTPCR is set to 1, the DTC clock stops, and the DTC enters the
modul e stop state. However, 1 cannot be written in the MSTP14 hit while the DTC is operating.
When the DTC is placed in the module stop state, the DTCER registers must all be in the cleared
state when the MSTP14 bit is set to 1.

On-Chip RAM
The MRA, MRB, SAR, DAR, CRA, and CRB registers are all located in on-chip RAM. When the
DTC isused, the RAME bit in SY SCR must not be cleared to 0.

DTCE Bit Setting

For DTCE bit setting, read/write operations must be performed using bit-manipulation instructions
such as BSET and BCLR. For theinitial setting only, however, when multiple activation sources
are set at onetime, it is possible to disable interrupts and write after executing a dummy read on
the relevant register.
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Section 8 1/0O Ports

8.1 Overview
This LSl have ten I/O ports (ports 1 to 6, 8, 9, A, and B), and one input-only port (port 7).
Tables 8.1 to 8.3 summarize the port functions. The pins of each port also have other functions.

Each port includes a data direction register (DDR) that controls input/output (not provided for the
input-only port) and data registers (DR, ODR) that store output data.

Ports1to 3, 6, A, and B have abuilt-in MOS input pull-up function. For ports A and B, the on/off
status of the MOS input pull-up is controlled by DDR and ODR. Ports 1 to 3 and 6 have aMOS
input pull-up control register (PCR), in addition to DDR and DR, to control the on/off status of the
MOS input pull-ups.

Ports1t0 6, 8,9, A, and B can driveasingle TTL load and 30 pF capacitive load. All the /O
ports can drive a Darlington transistor when in output mode. Ports 1, 2, and 3 can drive an LED
(10 mA sink current).

PA4to PA7 in port A have bus buffer drive capability. In the H852148 Group and H8S/2147N,
P52 in port 5 and P97 in port 9 are NMOS push-pull outputs.

Note that the H8S/2144 Group and H8S/2147N have subset specifications that do not include
some supporting modules. For differencesin pin functions, see table 8.1, H85/2148 Group Port
Functions, table 8.2, H8S/2147N Port Functions, and table 8.3, H8S/2144 Group Port Functions.
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Table8.1 HB8S/2148 Group Port Functions
Expanded Modes Single-Chip Mode
Port | Description Pins Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
(EXPE = 1) (EXPE = 0)
Port1 |« 8-bit I/O port |P17 to P10/ Lower address |When DDR =0 1/O port also functioning as
« Built-in MOs |A7 t0 A0/ output (after reset): input  |PWM timer output (PW7 to
input pull- | PW7 to PWO (A7 to AD) port PWO)
ups When DDR = 1:
« LED drive lower address
capability output _(A7 to AO) or
PWM timer output
(PW7 to PWO)
Port 2 |« 8-bit I/O port |P27/A15/PW15/ Upper address |When DDR =0 1/O port also functioning as
« Built-in MOS CBLANK output (after reset): input | PWM timer output (PW15
input pull- P26/A14/PW14 (A15 to A8) port or t|_mer to PW8)_ and timer
ups connection output | connection output
P25/A13/PW13 (CBLANK) (CBLANK)
* LED drive
P24/A12/PW12 =1
capability When DDR = 1:
P23/A11/PW11 upper address
/AL0/ output (A15 to A8),
P22/A10/PW10 PWM timer output
P21/A9/PW9 (PW15 to PWS8),
P20/AS/PWS timer connection
output (CBLANK),
or output ports (P27
to P24)
Port 3 |« 8-bit /O port |P37 to P30/ Data bus input/output (D15 to D8) 1/0 port also functioning as
« Built-in Mos |HDB7 to HDBO/ host interface data bus
: D15 to D8 input/output (HDB7 to
input pull-
ups HDBO)
* LED drive
capability
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Expanded Modes

Single-Chip Mode

Port | Description Pins Mode 1. Mode 2, Mode 3 Mode 2, Mode 3
(EXPE =1) (EXPE =0)
Port 4 |« 8-bit /O port |P47/PWX1 1/0 port also functioning as 14-bit 1/0O port also functioning as
P46/PWXO0 PWM timer output (PWX1, PWXO0), |14-bit PWM timer output
8-hit timer 0 and 1 input/output (PWX1, PWXO0), 8-bit timer
P45/TMRIL/ (TMCI0, TMRIO, TMOO, TMCIL, 0 and 1 input/output
HIRQ12/CSYNCI | TMRI1, TMO1), timer connection  |(TMCIO, TMRIO, TMOO,
P44/TMO1/ input/output (HSYNCO, CSYNCI, TMCI1, TMRI1, TMO1),
HIRQ1/HSYNCO HSYNCI), SCI2 input/output (TxD2, |timer connection
y / RxD2, SCK2), IrDA interface input/output (HSYNCO,
P43, TM?” input/output (IrTxD, IrRxD), and I°C | CSYNCI, HSYNCI), host
HIRQII/HSYNCI bus interface 1 (option) input/output |interface host CPU
P42/TMRIO/ (SDA1) interrupt request output
SCK2/SDA1 (HIRQ12, HIRQ1,
P41/TMOO/ HIRQ11), SCI2 input/
RxD2/IrRXD output (TxD2_, RxD2,
SCK2), IrDA interface
P40/TMCIO/ input/output (IrTXD, IrRXD),
TXD2/IrTXD and I’C bus interface 1
(option) input/output
(SDA1)
Port5 |« 3-bit I/O port |P52/SCKO0/SCLO 1/0 port also functioning as SCIO input/output (TxDO, RxDO,
P51/RxDO SCKO0) and I°C bus interface 0 (option) input/output (SCLO)
P50/TxD0O
Port 6 |« 8-bit I/O port |P67/IRQ7/TMOX/  |1/O port also functioning as external interrupt input (IRQ7, IRQ6),
KIN7/CIN7 FRT input/output (FTCI, FTOA, FTIA, FTIB, FTIC, FTID, FTOB),
P66/RAB/IFTOB/ 8-bit tim_er X and Y input/output (TMOX, TMIX, TMIY), timer
KINB/CING connection input/output (CLAMPO, VFBACKI, VSYNCI,

P65/FTID/KIN5/
CINS

P64/FTIC/KIN4/
CIN4/CLAMPO

P63/FTIB/KINS/
CIN3/VFBACKI

P62/FTIAITMIY/
KIN2/CIN2/
VSYNCI

P61/FTOA/KIN1/
CIN1/VSYNCO

P60/FTCI/TMIX/
KINO/CINO/
HFBACKI

VSYNCO, HFBACKI), key-sense interrupt input (KIN7 to KINO),
and expansion A/D converter input (CIN7 to CINO)
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Expanded Modes Single-Chip Mode
Port | Description Pins Mode 1. Mode 2, Mode 3 Mode 2, Mode 3
(EXPE =1) (EXPE =0)

Port 7 |« 8-bit /O port |P77/AN7/DA1 Input port also functioning as A/D converter analog input (AN7 to
P76/ANG/DAO ANO) and D/A converter analog output (DA1, DAO)
P75/AN5
P74/AN4
P73/AN3
P72/AN2
P71/AN1
P70/ANO

Port 8 |« 7-bit I/O port |P86/IRQ5/SCK1/ 1/0 port also functioning as external |I/O port also functioning as
SCL1 interrupt input (IRQ5, IRQ4, IRQ3), |external interrupt input
P85/RO4/RXD1 SCI1 |nput/ogtput (T'xDl, RxD1, _(IRQS, IRQ4, IRQ3), SCI1

SCK1), and I°C bus interface 1 input/output (TxD1, RxD1,
P84/IRQ3/TxD1 (option) input/output (SCL1) SCK1), host interface
P83 control input/output (CS2,
y GA20, HAOQ, HIFSD), and

P82/HIFSD I°C bus interface 1 (option)
P81/CS2/GA20 input/output (SCL1)
P80/HAO

Port 9 |« 8-bit I/O port |P97/WAIT/SDAO 1/0 port also functioning as 1/O port also functioning as

expanded data bus control input
(WAIT) and I°C bus interface 0
(option) input/output (SDAOQ)

I°C bus interface 0 (option)
input/output (SDAOQ)

P96/@/EXCL When DDR = |When DDR = 0 (after reset): input port or EXCL
0: input port or |input
EXCL input When DDR = 1: @ output
When DDR =
1 (after reset):
@ output
P95/AS/I0S/CSH Expanded data bus control output |1/O port also functioning as
TYI=y Tatyyd AS/10S, HWR, RD) host interface control input
poa/AwRiOW | ( 0st interface co
el (CST, TOW, IOR)
P93/RD/IOR
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Expanded Modes

Single-Chip Mode

Port | Description Pins Mode 1. Mode 2, Mode 3 Mode 2, Mode 3
(EXPE =1) (EXPE = 0)
Port 9 |« 8-bit /0 port |P92/IRQO 1/0 port also functioning as external interrupt input (IRQO, IRQ1)
P91/IRQ1
P90/LWR/IRQ2/ 1/O port also functioning as 1/0 port also functioning as
ADTRG/ECS2 expanded data bus control output | external interrupt input

(LWR), external interrupt input
(IRQ2), and A/D converter external
trigger input (ADTRG)

(IRQ2), A/D converter
external trigger input
(ADTRG), and host
interface control input
(ECS2)

Port A |+ 8-bit I/O port |PA7/A23/KIN15/ 1/0 port also  |1/O port also 1/0O port also functioning as
CIN15/PS2CD functioning as |functioning as key-sense interrupt input
PAG6/A22/KINTA/ key-sense address output (A23 | (KIN15 to KIN8),
CIN14/PS2CC interrupt input |to A16), key-sense |expansion A/D converter

(KIN15 to interrupt input input (CIN15 to CIN8), and
PA5/A21/KIN13/ | KINB), (KIN15 to KIN8), keyboard buffer controller
CIN13/PS2BD expansion A/D |expansion A/D input/output (PS2CD,
PA4/A20/KIN12/ converter input| converter input PS2CC, PS2BD, PS2BC,
CIN12/PS2BC (CIN15 to (CIN15 to CINS), PS2AD, PS2AC)
J— CIN8), and and keyboard buffer
PAS/A19/KINT1/ keyboard controller input/
CIN11/PS2AD buffer output (PS2CD,
PA2/A18/KIN10/ controller PS2CC, PS2BD,
CIN10/PS2AC input/output PS2BC, PS2AD,
PAL/AL7/KING/ (PS2CD, PS2AC)
CINO PS2CcC,
. PS2BD,
PAO/A16/KIN8/ PS2BC,
CIN8 PS2AD,
PS2AC)

Port B |+ 8-bit I/O port |PB7/D7 In 8-bit bus mode (ABW = 1): I/O 1/0 port also functioning as
PB6/D6 port HIF control input/output
PB5/D5 In 16-bit bus mode (ABW = 0): data pins (CS3, CS4, HIRQS,

bus input/output (D7 to DO) HIRQ4)
PB4/D4
PB3/D3/CS4
PB2/D2/CS3

PB1/D1/HIRQ4
PBO/DO/HIRQ3
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Table82 H8S2147N Port Functions
Expanded Modes Single-Chip Mode
Port | Description Pins Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
ode (EXPE = 1) (EXPE = 0)
Port1 |« 8-bit I/O port |P17 to P10/ Lower address |When DDR =0 1/O port also functioning as
« Built-in MOs |A7 t0 A0/ output (after reset): input  |PWM timer output (PW7 to
input pull- | PW7 to PWO (A7 to AD) port PWO)
ups When DDR = 1:
« LED drive lower address
capability output (A7 to AO) or
PWM timer output
(PW7 to PWO)
Port 2 |« 8-bit I/O port |P27/A15/PW15 Upper address |When DDR =0 1/O port also functioning as
« Built-in MOS | P26/A14/PW14 output (after reset): input | PWM timer output (PW15
input pull- D5/ AL3IPWLS (A15 to A8) port to PW8)
ups When DDR = 1:
« LED drive P24/A12/PW12 upper address
capability ~ |P23/A11/PW11 output (A15 to A8),
PWM timer output
P22/A10/PW10 (PW15 to PWS), or
P21/A9/PW9 output ports (P27 to
P20/A8/PWS P24)
Port 3 |« 8-bit I/O port |P37 to P30/ Data bus input/output (D15 to D8) 1/O port also functioning as
« Built-in Mos |HDB7 to HDBO/ host interface data bus
input pull- D15 to D8 input/output (HDB7 to
ups HDBO)
* LED drive
capability
Port 4 |« 8-bit I/O port |P47/PWX1 1/0 port also functioning as 14-bit 1/O port also functioning as
P46/PWX0 PWM timer output (PWX1, PWX0), |14-bit PWM timer output
8-bit timer 0 and 1 input/output (PWX1, PWXO0), 8-bit timer
PA5/TMRIL/ (TMCIO, TMRIO, TMOO, TMCI1, 0 and 1 input/output
HIRQ12 TMRI1, TMO1), SCI2 input/output  |(TMCIO, TMRIO, TMOO,
P44/TMO1/ (TxD2, RxD2, SCK2), IrDA interface | TMCI1, TMRI1, TMOL1),
HIRQ1 input/output (IrTxD, IrRxD), and I’C | host interface host CPU
bus interface 1 (option) input/output |interrupt request output
Zf'sglMlC'” (SDAL) (HIRQ12, HIRQL,
HIRQ11), SCI2 input/
P42/TMRI0/ output (TxD2, RxD2,
SCK2/SDA1 SCK2), IrDA interface
P41/TMOO/ input/output (IrTxD, IrRxD),
RxD2/IrRxD and I°C bus interface 1
(option) input/output
P40/TMCI0/ (SDA1)
TxD2/IrTxD
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Port

Description

Pins

Expanded Modes

Single-Chip Mode

Mode 2, Mode 3

Mode 1 (EXPE = 1)

Mode 2, Mode 3
(EXPE =0)

Port 5

« 3-bit /O port

P52/SCK0/SCLO
P51/RxD0
P50/TxDO

1/0 port also functioning as SCI0 input/output (TxDO, RxDO,
SCKO0) and I°C bus interface 0 (option) input/output (SCLO)

Port 6

« 8-bit /0O port

P67/IRQ7/KIN7/
CIN7

P66/IRQ6/FTOB/
KIN6/CIN6

P65/FTID/KINS/
CINS

P64/FTIC/KIN4/
CIN4

P63/FTIB/KIN3/
CIN3

P62/FTIA/ITMIY/
KIN2/CIN2

P61/FTOA/KIN1/
CIN1

P60/FTCI/KINO/
CINO

1/0 port also functioning as external interrupt input (IRQ7, IRQB),
FRT input/output (FTCI, FTOA, FTIA, FTIB, FTIC, FTID, FTOB),
8-bit timer Y input (TMIY), key-sense interrupt input (KIN7 to
KIND), and expansion A/D converter input (CIN7 to CINO)

Port 7

« 8-bit I/0O port

P77/AN7/DAL
P76/AN6/DAO
P75/AN5
P74/AN4
P73/AN3
P72/AN2
P71/AN1
P70/ANO

Input port also functioning as A/D converter analog input (AN7 to
ANO) and D/A converter analog output (DA1, DAO)

Port 8

¢ 7-bit /O port

P86/IRQ5/SCK1/
SCL1

P85/IRQ4/RxD1
P84/IRQ3/TxD1
P83

P82/HIFSD
P81/CS2/GA20
P8O/HAO

1/0 port also functioning as external
interrupt input (IRQ5, IRQ4, IRQ3),
SCI1 input/output (TxD1, RxD1,
SCK1), and I°C bus interface 1
(option) input/output (SCL1)

1/O port also functioning as
external interrupt input
(IRQ5, IRQ4, IRQA3), SClI1
input/output (TxD1, RxD1,
SCK1), host interface
control input/output (CS2,
GAZ20, HAO, HIFSD), and
I°C bus interface 1 (option)
input/output (SCL1)
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Expanded Modes Single-Chip Mode
Port | Description Pins Mode 1. Mode 2, Mode 3 Mode 2, Mode 3
(EXPE =1) (EXPE = 0)
Port 9 |« 8-bit I/O port |P97/WAIT/SDAO 1/0 port also functioning as 1/O port also functioning as
expanded data bus control input I°C bus interface 0 (option)
(WAIT) and I°C bus interface 0 input/output (SDAO)
(option) input/output (SDAOQ)
P96/@EXCL When DDR = |When DDR = 0 (after reset): input port or EXCL
0: input port or |input
EXCL input When DDR = 1: @ output
When DDR =
1 (after reset):
¢ output
P95/AS/IOS/CS1 Expanded data bus control output  |I/O port also functioning as
TYI=y Tatyy AS/10S, HWR, RD) host interface control input
poa/AwRiOW | ( 0st interface co
o (CS1, IOW, IOR)
P93/RD/IOR
P92/IRQ0 1/0 port also functioning as external interrupt input (IRQO, IRQ1)
P91/RQT
P90/LWR/IRQ2/ 1/0O port also functioning as 1/O port also functioning as
ADTRG/ECS2 expanded data bus control output external interrupt input

(LWR), external interrupt input
(IRQ2), and A/D converter external
trigger input (ADTRG)

(IRQ2), A/ID converter
external trigger input
(ADTRG), and host
interface control input
(ECS2)

Port A

« 8-bit /O port

PA7/A23/KIN15/
CIN15/PS2CD

PAB/A22/KIN14/
CIN14/PS2CC

PA5/A21/KIN13/
CIN13/PS2BD

PA4/A20/KIN12/
CIN12/PS2BC

PA3/A19/KIN11/
CIN11/PS2AD

PA2/A18/KIN10/
CIN10/PS2AC

PAL/AL7/KINY/
CIN9

PAO/A16/KINS/
CIN8

1/0 port also
functioning as
key-sense
interrupt input
(KIN15 to
KINg),
expansion A/D
converter input
(CIN15 to
CIN8), and
keyboard
buffer
controller
input/output
(PS2CD,
PS2CC,
PS2BD,
PS2BC,
PS2AD,
PS2AC)

1/0O port also
functioning as
address output (A23
to A16), key-sense
interrupt input
(KIN15 to KIN8),
expansion A/D
converter input
(CIN15 to CINS),
and keyboard buffer
controller input/
output (PS2CD,
PS2CC, PS2BD,
PS2BC, PS2AD,
PS2AC)

1/0O port also functioning as
key-sense interrupt input
(KIN15 to KIN8), expansion
A/D converter input (CIN15
to CIN8), and keyboard
buffer controller
input/output (PS2CD,
PS2CC, PS2BD, PS2BC,
PS2AD, PS2AC)
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Expanded Modes

Single-Chip Mode

Port | Description Pins Mode 1. Mode 2, Mode 3 Mode 2, Mode 3
(EXPE =1) (EXPE =0)
Port B |« 8-bit I/0 port |PB7/D7 In 8-bit bus mode (ABW = 1): I/O 1/O port also functioning as
PB6/D6 port H_IF c%rgroléné)uﬂoutput
In 16-bit bus mode (ABW = 0): data pins (CS3, CS4, HIRQS,
PB5/D5 - HIRQA4)
bus input/output (D7 to DO0)
PB4/D4
PB3/D3/CS4
PB2/D2/CS3

PB1/D1/HIRQ4
PBO/DO/HIRQ3
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Table8.3 HB8S/2144 Group Port Functions
Expanded Modes Single-Chip Mode
Port | Description Pins Mode 1. Mode 2, Mode 3 Mode 2, Mode 3
(EXPE = 1) (EXPE = 0)
Port 1 |« 8-bit /O port |P17 to P10/ Lower address |When DDR =0 1/0O port
« Built-in MOS |A7 to AO output (A7 to | (after reset): input
input pull- A0) port
ups When DDR = 1:
« LED drive lower address
capability output (A7 to AQ)
Port 2 |« 8-bit I/O port |P27 to P20/ Upper address |When DDR =0 1/0 port
« Built-in MOS |A15 to A8 output (A15 to |(after reset): input
input pull- A8) port
ups When DDR = 1:
« LED drive upper address
capability output (A15 to A8)
or output port (P27
to P24)
Port 3 |« 8-bit /O port |P37 to P30/ Data bus input/output (D15 to D8) 1/0O port
+ Built-in Mos |P151t0 D8
input pull-
ups
* LED drive
capability
Port 4 |« 8-bit I/O port |P47/PWX1 1/0O port also functioning as 14-bit PWM timer output (PWX1,
P46/PWXO0 PWXO0), 8-bit timer 0 and 1 input/output (TMCIO, TMRIO, TMOO,
, TMCI1, TMRI1, TMO1), SCI2 input/output (TxD2, RxD2, SCK2),
PA5/TMRIL and IrDA interface input/output (IrTxD, IrRxD)
P44/TMO1
P43/TMCI1
P42/TMRIO/SCK2
P41/TMOO0/RxD2/
IrRxD
P40/TMCI0/
TxD2/IrTxD
Port5 |« 3-bit I/O port |P52/SCKO 1/0 port also functioning as SCIO input/output (TxDO, RxDO,
P51/RxDO SCKO)
P50/TxDO
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Port

Description

Pins

Expanded Modes Single-Chip Mode

Mode 2, Mode 3 Mode 2, Mode 3

Mode 1 (EXPE = 1) (EXPE = 0)

Port 6

« 8-bit 1/0O port

P67/IRQ7/KIN7/
CIN7

P66/IRQ6/FTOB/
KING6/CING

P65/FTID/KIN5/
CINS

P64/FTIC/KIN4/
CIN4

P63/FTIB/KIN3/
CIN3

P62/FTIAITMIY/
KIN2/CIN2

P61/FTOA/KIN1/
CIN1

P60/FTCI/KINO/
CINO

1/0 port also functioning as external interrupt input (IRQ7, IRQB),
FRT input/output (FTCI, FTOA, FTIA, FTIB, FTIC, FTID, FTOB),
8-bit timer Y input (TMIY), key-sense interrupt input (KIN7 to
KINO), and expansion A/D converter input (CIN7 to CINO)

Port 7

« 8-bit input
port

P77/AN7/DAL
P76/AN6/DAO
P75/AN5
P74/AN4
P73/AN3
P72/AN2
P71/AN1
P70/ANO

Input port also functioning as A/D converter analog input (AN7 to
ANO) and D/A converter analog output (DA1, DAO)

Port 8

 7-bit 1/O port

P86/IRQ5/SCK1
P85/IRQ4/RxD1
P84/IRQ3/TxD1
P83
P82
P81
P80

1/0 port also functioning as external interrupt input (IRQ5, IRQ4,
IRQ3) and SCI1 input/output (TxD1, RxD1, SCK1)
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Expanded Modes Single-Chip Mode
Port | Description Pins Mode 1 Mode 2, Mode 3 Mode 2, Mode 3
(EXPE =1) (EXPE =0)
Port 9 |« 8-bit I/O port |P97/WAIT 1/0 port also functioning as 1/O port
expanded data bus control input
(WAIT)
P96/ EXCL When DDR = |When DDR = 0 (after reset): input port or EXCL
0: input port or |input
EXCLinput  |\when DDR = 1: g output
When DDR =
1 (after reset):
@output
P95/AS/I0S Expanded data bus control I/0 port
P94/AWR output(AS/IOS, HWR, RD)
P93/RD
P92/IRQO 1/0 port also functioning as external interrupt input (IRQO, IRQ1)
P91/IRQ1
P90/LWR/ 1/0O port also functioning as 1/O port also functioning as
IRQ2/ADTRG expanded data bus control output external interrupt input
(LWR), external interrupt input (IRQ2) and A/D converter
(IRQ2), and A/D converter external |external trigger input
trigger input (ADTRG) (ADTRG)
Port A |« 8-bit I/O port |PA7 to PAO/ 1/0 port also | 1/O port also 1/O port also functioning as
A23 to Al6/ functioning as |functioning as key-sense interrupt input
KIN15 to KIN8/ key-sense address output (A23 | (KIN15 to KIN8) and
CIN15 to CIN8 interrupt input |to A16), key-sense |expansion A/D converter
(KIN15 to interrupt input input (CIN15 to CIN8)
KIN8), and (KIN15 to KIN8),
expansion A/D |and expansion A/D
converter input | converter input
(CIN15 to (CIN15 to CIN8)
CIN8)
Port B |« 8-bit I/O port |PB7 to PBO/ In 8-bit bus mode (ABW = 1): /O 1/O port
D7 to DO port

In 16-bit bus mode (ABW = 0): data
bus input/output (D7 to DO)
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8.2 Port 1

821 Overview

Port 1 isan 8-hit I/O port. Port 1 pins also function as address bus output pins (A7 to A0), and as
8-bit PWM output pins (PW7 to PWO0) (H85/2148 Group and H8S/2147N only). Port 1 functions
change according to the operating mode. Port 1 has a built-in MOS input pull-up function that can

be controlled by software.

Figure 8.1 showsthe port 1 pin configuration.

Port 1

Port 1 pins

P17/A7IPW7
P16/A6/PW6
P15/A5/PW5
P14/A4/PW4
P13/A3/PW3
P12/A2/PW2
P11/A1/PW1
P10/A0/PWO

Pin functions in mode 1
A7 (Output)
A6 (Output)
A5 (Output)
A4 (Output)
A3 (Output)
A2 (Output)
Al (Output)
AO (Output)

Pin functions in modes 2 and 3 (EXPE = 1)

A7 (Output)/P17 (Input)/PW7 (Output)
A6 (Output)/P16 (Input)/PW6 (Output)
A5 (Output)/P15 (Input)/PW5 (Output)
A4 (Output)/P14 (Input)/PW4 (Output)
A3 (Output)/P13 (Input)/PW3 (Output)
A2 (Output)/P12 (Input)/PW2 (Output)
Al (Output)/P11 (Input)/PW1 (Output)
AO (Output)/P10 (Input)/PWO (Output)

Pin functions in modes 2 and 3 (EXPE = 0)

P17 (I/0)/PW7 (Output)
P16 (I/0)/PW6 (Output)
P15 (1/0)/PWS5 (Output)
P14 (1/0)/PW4 (Output)
P13 (1//0)/PW3 (Output)
P12 (1/0)/PW2 (Output)
P11 (I/0)/PW1 (Output)
P10 (1//O)/PWO (Output)

Figure8.1 Port 1 Pin Functions
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822 Register Configuration
Table 8.4 shows the port 1 register configuration.

Table8.4 Port 1 Registers

Name Abbreviation R/W Initial Value Address”
Port 1 data direction register P1DDR w H'00 H'FFBO
Port 1 data register P1DR R/W H'00 H'FFB2
Port 1 MOS pull-up control P1PCR R/W H'00 H'FFAC
register

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (PIDDR)

Bit 7 6 5 4 3 2 1 0

| P17DDR|P16DDR | P15DDR| P14DDR| P13DDR | P12DDR | PllDDR| PlODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W w w W W w

P1DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 1. PIDDR cannot be read; if it is, an undefined value will be returned.

P1DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. The address output pins maintain their output state in atransition to
software standby mode.

* Model
The corresponding port 1 pins are address outputs, regardless of the PLDDR setting.
In hardware standby mode, the address outputs go to the high-impedance state.

«  Modes2 and 3 (EXPE = 1)

The corresponding port 1 pins are address outputs or PWM outputs when PLDDR bits are set
to 1, and input ports when cleared to O.

* Modes2 and 3 (EXPE =0)

The corresponding port 1 pins are output ports or PWM outputs when PIDDR bitsare set to 1,
and input ports when cleared to 0.
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Port 1 Data Register (P1DR)

Bit 7 6 5 4 3 2 1 0

| P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR ‘
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).
If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read directly,
regardless of the actual pin states. If aport 1 read is performed while PLDDR bits are cleared to 0,
the pin states are read.

P1DRisinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 1 MOS Pull-Up Control Register (P1PCR)

Bit 7 6 5 4 3 2 1 0

| P17PCR | P16PCR | P15PCR | P14PCR| P13PCR | P12PCR | P11PCR | P10PCR ‘
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

P1PCR is an 8-hit readable/writable register that controls the port 1 built-in MOS input pull-ups
on a bit-by-bit basis.

In modes 2 and 3, the MOS input pull-up is turned on when a P1PCR bit is set to 1 while the
corresponding P1IDDR bit is cleared to O (input port setting).

P1PCR isinitialized to H'00 by areset and in hardware standby mode. It retains its prior statein
software standby mode.
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8.2.3 Pin Functionsin Each Mode
Mode 1

In mode 1, port 1 pins automatically function as address outputs. The port 1 pin functions are
shown in figure 8.2.

—= A7 (Output)
— A6 (Output)
— A5 (Output)
Portl [ ™ A4 (Output)
— A3 (Output)
—— A2 (Output)
— A1 (Output)

— AO0 (Output)

Figure8.2 Port 1 Pin Functions (Mode 1)

Modes2 and 3 (EXPE =1)

In modes 2 and 3 (when EXPE = 1), port 1 pins function as address outputs, PWM outputs, or
input ports, and input or output can be specified on a bit-by-bit basis. When a bit in PLDDR is set
to 1, the corresponding pin functions as an address output or PWM output, and when cleared to 0,
as an input port.

The port 1 pin functions are shown in figure 8.3.
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Port 1

When P1IDDR =1

and PWOERA =0

A7 (Output)
A6 (Output)
A5 (Output)
A4 (Output)
A3 (Output)
A2 (Output)
Al (Output)
AO (Output)

When P1DDR =0
P17 (Input)
P16 (Input)
P15 (Input)
P14 (Input)
P13 (Input)
P12 (Input)
P11 (Input)
P10 (Input)

When P1DDR =

1

and PWOERA =1

PW?7 (Output)
PW6 (Output)
PWS5 (Output)
PW4 (Output)
PW3 (Output)
PW2 (Output)
PW1 (Output)
PWO (Output)

Figure8.3 Port 1 Pin Functions (Modes 2 and 3 (EXPE = 1))

Modes 2 and 3 (EXPE = Q)

In modes 2 and 3 (when EXPE = 0), port 1 pins function as PWM outputs or I/O ports, and input
or output can be specified on a bit-by-bit basis. When a bit in PLDDR is set to 1, the
corresponding pin functions as a PWM output or output port, and when cleared to 0, as an input

port.

The port 1 pin functions are shown in figure 8.4.

Port 1

P1n: Input pin when P1DDR =0,
output pin when P1DDR =1
and PWOERA =0

= P17 (I/0)
— P16 (I/O)
~— P15 (I/O)
~— P14 (1/O)
~— P13 (1/0)
~—= P12 (I/0)
~— P11 (I/O)
~— P10 (I/O)

When P1DDR =1
and PWOERA =1

PW?7 (Output)
PW6 (Output)
PWS5 (Output)
PW4 (Output)
PW3 (Output)
PW2 (Output)
PW1 (Output)
PWO (Output)

Figure8.4 Port 1 Pin Functions (Modes 2 and 3 (EXPE = 0))
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824 MOS Input Pull-Up Function

Port 1 has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2 and 3, and can be specified as on or off on a bit-by-
bit basis.

When a P1DDR hit is cleared to 0 in mode 2 or 3, setting the corresponding P1PCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state is retained in software standby mode.

Table 8.5 summarizes the MOS input pull-up states.

Table85 MOSInput Pull-Up States (Port 1)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when P1DDR = 0 and P1PCR = 1; otherwise off.

8.3 Port 2

8.3.1 Overview

Port 2 isan 8-hit 1/0 port. Port 2 pins also function as address bus output pins (A15 to A8), 8-bit
PWM output pins (PW15 to PW8) (H85/2148 Group and H8S/2147N only), and the timer
connection output pin (CBLANK) (H85/2148 Group only). Port 2 functions change according to
the operating mode. Port 2 has a built-in MOS input pull-up function that can be controlled by
software.

Figure 8.5 shows the port 2 pin configuration.
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Port 2

Port 2 pins
P27/A15/PW15/CBLANK
P26/A14/PW14
P25/A13/PW13
P24/A12/PW12
P23/A11/PW11
P22/A10/PW10
P21/A9/PW9
P20/A8/PW8

Pin functions in mode 1
A15 (Output)

Al14 (Output)

A13 (Output)

A12 (Output)

A1l (Output)

A10 (Output)

A9 (Output)

A8 (Output)

Pin functions in modes 2 and 3 (EXPE = 1)

A15 (Output)/P27 (1/0)/PW15 (Output)/CBLANK (Output)
Al14 (Output)/P26 (I/O)/PW14 (Output)

A13 (Output)/P25 (I/0)/PW13 (Output)

A12 (Output)/P24 (1/0)/PW12 (Output)

A1l (Output)/P23 (Input)/PW11 (Output)

A10 (Output)/P22 (Input)/PW10 (Output)

A9 (Output)/P21 (Input)/PW9 (Output)

A8 (Output)/P20 (Input)/PW8 (Output)

Pin functions in modes 2 and 3 (EXPE = 0)
P27 (1/0)/PW15 (Output)/CBLANK (Output)
P26 (1/0)/PW14 (Output)

P25 (1/0)/PW13 (Output)

P24 (1/0)/PW12 (Output)

P23 (1/0)/PW11 (Output)

P22 (1/0)/PW10 (Output)

P21 (1/0)/PW9 (Output)

P20 (1/0)/PW8 (Output)

Figure8.5 Port 2 Pin Functions
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832 Register Configuration
Table 8.6 shows the port 2 register configuration.

Table8.6 Port 2 Registers

Name Abbreviation R/W Initial Value Address”
Port 2 data direction register P2DDR w H'00 H'FFB1
Port 2 data register P2DR R/W H'00 H'FFB3
Port 2 MOS pull-up control P2PCR R/W H'00 H'FFAD
register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0

| P27DDR|P26DDR | P25DDR| P24DDR| P23DDR | P22DDR | P21DDR| P20DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W w w W W w

P2DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 2. P2DDR cannot be read; if it is, an undefined value will be returned.

P2DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. The address output pins maintain their output state in atransition to
software standby mode.

* Model
The corresponding port 2 pins are address outputs, regardless of the P2DDR setting.
In hardware standby mode, the address outputs go to the high-impedance state.

«  Modes2 and 3 (EXPE = 1)

The corresponding port 2 pins are address outputs or PWM outputs when P2DDR bits are set
to 1, and input ports when cleared to 0. P27 to P24 are switched from address outputs to output
ports by setting the IOSE hit to 1.

P27 can be used as an on-chip supporting module output pin regardless of the P27DDR setting,
but to ensure normal access to external space, P27 should not be set as an on-chip supporting
module output pin when port 2 pins are used as address output pins.
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«  Modes 2 and 3 (EXPE = 0)

The corresponding port 2 pins are output ports or PWM outputs when P2DDR bits are set to 1,
and input ports when cleared to O.

P27 can be used as an on-chip supporting module output pin regardless of the P27DDR setting.

Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0

| P27DR | P26DR | P25DR | P24DR | P23DR | P22DR | P21DR | P20DR ‘
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

P2DR is an 8-bit readable/writable register that stores output data for the port 2 pins (P27 to P20).
If aport 2 read is performed while P2DDR bits are set to 1, the P2DR values are read directly,
regardless of the actual pin states. If aport 2 read is performed while P2DDR bits are cleared to 0,
the pin states are read.

P2DR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 2 MOS Pull-Up Control Register (P2PCR)

Bit 7 6 5 4 3 2 1 0

| P27PCR | P26PCR | P25PCR | P24PCR| P23PCR | P22PCR | P21PCR | P20PCR ‘
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

P2PCR is an 8-hit readable/writable register that controls the port 2 built-in MOS input pull-ups
on a bit-by-bit basis.

In modes 2 and 3, the MOS input pull-up is turned on when a P2PCR hit is set to 1 while the
corresponding P2DDR bit is cleared to O (input port setting).

P2PCR isinitialized to H'00 by areset and in hardware standby mode. It retains its prior statein
software standby mode.
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8.3.3 Pin Functionsin Each Mode
Mode 1

In mode 1, port 2 pins automatically function as address outputs. The port 2 pin functions are
shown in figure 8.6.

—= A15 (Output)
— Al14 (Output)
— A13 (Output)
Pot2 [ ™ A12 (Output)
— A1l (Output)
— A10 (Output)

— A9 (Output)

— A8 (Output)

Figure8.6 Port 2 Pin Functions (Mode 1)

Modes2 and 3 (EXPE =1)

In modes 2 and 3 (when EXPE = 1), port 2 pins function as address outputs, PWM outputs, or 1/0
ports, and input or output can be specified on a bit-by-bit basis. When abit in P2DDR is set to 1,
the corresponding pin functions as an address output or PWM output, and when cleared to 0, asan
input port. P27 to P24 are switched from address outputs to output ports by setting the |OSE bit to
1. P27 can be used as an on-chip supporting module output pin regardless of the P27DDR setting,
but to ensure normal access to external space, P27 should not be set as an on-chip supporting
module output pin when port 2 pins are used as address output pins.

The port 2 pin functions are shown in figure 8.7.
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When P2DDR =1 When P2DDR =1
and PWOERB =0 When P2DDR =0 and PWOERB =1
r—s A15 (Output)/P27 (Output) P27 (Input)/CBLANK (Output) PW15 (Output)/CBLANK (Output)
—s A14 (Output)/P26 (Output) P26 (Input) PW14 (Output)
—s A13 (Output)/P25 (Output) P25 (Input) PW13 (Output)
Port2 [ A12 (Output)/P24 (Output) P24 (Input) PW12 (Output)
re—m A1l (Output) P23 (Input) PW11 (Output)
r«—m A10 (Output) P22 (Input) PW10 (Output)
re—» A9 (Output) P21 (Input) PW?9 (Output)
e—>» A8 (Output) P20 (Input) PW8 (Output)

Figure8.7 Port 2 Pin Functions (Modes 2 and 3 (EXPE = 1))

Modes 2 and 3 (EXPE = Q)

In modes 2 and 3 (when EXPE = 0), port 2 pins function as PWM outputs (P27 can also function
as the timer connection output (CBLANK)) or 1/O ports, and input or output can be specified on a
bit-by-bit basis. When abit in P2DDR is set to 1, the corresponding pin functions as a PWM
output or output port, and when cleared to 0, as an input port. P27 can be used as an on-chip
supporting module output pin regardless of the P27DDR setting.

The port 2 pin functions are shown in figure 8.8.

P2n: Input pin when P2DDR = 0,

output pin when P2DDR =1 When P2DDR =1
and PWOERB =0 and PWOERB =1
~—» P27 (1/0)/CBLANK (Output) PW15 (Output)/CBLANK (Output)
— P26 (1/0) PW14 (Output)
~— P25 (]/O) PW13 (Output)
Port2 [ ™ P24 (1/0) PW12 (Output)
- P23 (1/0) PW11 (Output)
<> P22 (1/0) PW10 (Output)
~—w P21 (1/0O) PW9 (Output)
~—» P20 (1/0) PW8 (Output)

Figure8.8 Port 2 Pin Functions (Modes 2 and 3 (EXPE = 0))
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834 MOS Input Pull-Up Function

Port 2 has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2 and 3, and can be specified as on or off on a bit-by-
bit basis.

When a P2DDR hit is cleared to 0 in mode 2 or 3, setting the corresponding P2PCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state is retained in software standby mode.

Table 8.7 summarizes the MOS input pull-up states.

Table8.7 MOSInput Pull-Up States (Port 2)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1 Off Off Off Off
2,3 Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when P2DDR = 0 and P2PCR = 1; otherwise off.
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8.4 Port 3

84.1 Overview

Port 3 isan 8-hit 1/0 port. Port 3 pins also function as host data bus 1/0 pins (HDB7 to HDBO)
(H85/2148 Group and H8S/2147N only), and as data bus 1/0 pins. Port 3 functions change
according to the operating mode. Port 3 has a built-in MOS input pull-up function that can be

controlled by software.

Figure 8.9 shows the port 3 pin configuration.

Port 3

Port 3 pins
P37/D15/HDB7
P36/D14/HDB6
P35/D13/HDB5
P34/D12/HDB4
P33/D11/HDB3
P32/D10/HDB2
P31/D9/HDB1
P30/D8/HDBO

Pin functions in modes 1, 2 and 3 (EXPE = 1)
D15 (I/O)

D14 (1/0)

D13 (I/0)

D12 (I/0)

D11 (I/0)

D10 (I/0)

D9 (1/0)

D8 (1/0)

Pin functions in modes 2 and 3 (EXPE = 0)
P37 (1/0)/HDB7 (1/0)
P36 (1/0)/HDBS6 (I/O)
P35 (1/0)/HDBS5 (1/O)
P34 (1/0)/HDB4 (1/0)
P33 (1/0)/HDB3 (I/0)
P32 (I/0)/HDB2 (1/0)
P31 (1/0)/HDBL1 (1/0)
P30 (1/0)/HDBO (I/O)

Figure8.9 Port 3 Pin Functions

Rev. 4.00 Sep 27,2006 page 233 of 1130
REJ09B0327-0400
RENESAS




Section 8 1/0 Ports

84.2 Register Configuration
Table 8.8 shows the port 3 register configuration.

Table8.8 Port 3Registers

Name Abbreviation R/W Initial Value Address”
Port 3 data direction register P3DDR w H'00 H'FFB4
Port 3 data register P3DR R/W H'00 H'FFB6
Port 3 MOS pull-up control P3PCR R/W H'00 H'FFAE
register

Note: * Lower 16 bits of the address.

Port 3 Data Direction Register (P3DDR)

Bit 7 6 5 4 3 2 1 0

| P37DDR|P36DDR | P35DDR| P34DDR| P33DDR | P32DDR | P31DDR| P3ODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W w w W W w

P3DDR isan 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 3. P3DDR cannot be read; if it is, an undefined value will be returned.

P3DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

e Modes1, 2, and 3 (EXPE=1)
The input/output direction specified by P3DDR isignored, and pins automatically function as
data I/O pins.

After areset, and in hardware standby mode or software standby mode, the data |/O pins go to
the high-impedance state.

* Modes2 and 3 (EXPE =0)

The corresponding port 3 pins are output ports when P3DDR bits are set to 1, and input ports
when cleared to 0.
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Port 3 Data Register (P3DR)

Bit 7 6 5 4 3 2 1 0
| P37DR | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |
Initial value 0 0 0 0 0 0 0 0

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

P3DR is an 8-hit readable/writable register that stores output data for the port 3 pins (P37 to P30).
If aport 3read is performed while P3DDR bits are set to 1, the P3DR values are read directly,
regardless of the actual pin states. If aport 3 read is performed while P3DDR bits are cleared to O,
the pin states are read.

P3DRisinitialized to H'00 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.

Port 3 MOS Pull-Up Control Register (P3PCR)

Bit 7 6 5 4 3 2 1 0
| P37PCR | P36PCR | P35PCR | P34PCR| P33PCR | P32PCR | P31PCR | P30PCR ‘
Initial value 0 0 0 0 0 0 0 0

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

P3PCR is an 8-hit readable/writable register that controls the port 3 built-in MOS input pull-ups
on a bit-by-bit basis.

In modes 2 and 3 (when EXPE = 0), the MOS input pull-up is turned on when a P3PCR bit is set
to 1 while the corresponding P3DDR bit is cleared to O (input port setting).

P3PCR isinitialized to H'00 by areset and in hardware standby mode. It retains its prior statein
software standby mode.

The MOS input pull-up function cannot be used in slave mode (when the host interfaceis
enabled).
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84.3 Pin Functionsin Each Mode
Modes 1, 2, and 3 (EXPE = 1)

In modes 1, 2, and 3 (when EXPE = 1), port 3 pins automatically function as data 1/O pins. The
port 3 pin functions are shown in figure 8.10.

~— D15 (1/O)
~— D14 (1/0)
~— D13 (1/0)
~— D12 (I/O)
~— D11(l/O)
~— D10 (I/O)
~— D9 (1/O)
~— D8 (I/O)

Port 3

Figure8.10 Port 3 Pin Functions(Modes 1, 2, and 3 (EXPE = 1))

Modes 2 and 3 (EXPE = 0)

In modes 2 and 3 (when EXPE = 0), port 3 functions as host interface data bus I/O pins (HDB7 to
HDBO) or as /O ports. When the HI12E bit isset to 1 in SYSCR2 and atransition is made to
dlave mode, port 3 functions as the host interface data bus. In dave mode, P3DR and P3DDR
should be cleared to H'00. When the HI 12E bit is cleared to O, port 3 functions as an 1/O port, and
input or output can be specified on a bit-by-bit basis. When a bit in PBDDR is set to 1, the
corresponding pin functions as an output port, and when cleared to 0, as an input port.

The port 3 pin functions are shown in figure 8.11.
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l«—» P37 (1/0)/HDB7 (I/O)
«—» P36 (1/0)/HDB6 (I/O)
«—» P35 (1/0)/HDBS5 (I/O)
«—» P34 (1/0)/HDB4 (I/O)
«—» P33 (I/0)/HDB3 (I/0)
«—» P32 (1/0)/HDB2 (I/O)
«—» P31 (I/0)/HDBL1 (I/O)
<> P30 (I/0)/HDBO (1/0)

Port 3

Figure8.11 Port 3 Pin Functions (Modes 2 and 3 (EXPE = 0))

8.4.4 MOS Input Pull-Up Function

Port 3 has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 2 and 3 (when EXPE = 0), and can be specified as on
or off on a bit-by-bit basis.

When a P3DDR bit iscleared to 0 in mode 2 or 3 (when EXPE = 0), setting the corresponding
P3PCR bhit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state is retained in software standby mode.

Table 8.9 summarizes the MOS input pull-up states.

Table8.9 MOSInput Pull-Up States (Port 3)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2, 3(EXPE = 1) Off Off Off Off
2,3(EXPE=0) Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when P3DDR = 0 and P3PCR = 1; otherwise off.
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85 Port 4

85.1 Overview

Port 4 is an 8-hit I/O port. Port 4 pins also function as 14-bit PWM output pins (PWX1, PWXQO0),
8-bit timer 0 and 1 (TMRO, TMR1) /O pins (TMCIO, TMRIO, TMOO, TMCI1, TMRI1, TMO1),
timer connection 1/0O pins (CSYNCI, HSYNCI, HSYNCO) (H85/2148 Group only), SCI2 I/O pins
(TxD2, RxD2, SCK?2), IrDA interface I/O pins (IrTxD, IrRxD), host interface output pins
(HIRQ12, HIRQ1, HIRQ11) (H85/2148 Group and H8S/2147N only), and the 11C1 1/O pin
(SDA1) (option in H85/2148 Group and H8S/2147N only). Port 4 pin functions are the samein all
operating modes.

Figure 8.12 shows the port 4 pin configuration.

Port 4 pins

> P47 (1/0)/PWX1 (Output)

~— P46 (1/0)/PWXO0 (Output)

la—= P45 (1/0)/TMRI1 (Input)/HIRQ12 (Output)/CSYNCI (Input)
~—m P44 (1/O)/[TMOL1 (Output)/HIRQ1 (Output)/HSYNCO (Output)
~— P43 (1/0)/TMCI1 (Input)/HIRQ11 (Output)/HCYNCI (Input)
<> P42 (I/0)/TMRIO (Input)/SCK2 (1/0)/SDA1 (I/O)

~—» P41 (1/0)/TMOO0 (Output)/RxD2 (Input)/IrRxD (Input)

~— P40 (1/0)/TMCIO (Input)/TxD2 (Output)/IrTxD (Output)

Port 4

Figure8.12 Port 4 Pin Functions

8.5.2 Register Configuration
Table 8.10 shows the port 4 register configuration.

Table8.10 Port 4 Registers

Name Abbreviation R/W Initial Value Address”
Port 4 data direction register P4ADDR w H'00 H'FFB5
Port 4 data register P4DR R/W H'00 H'FFB7

Note: * Lower 16 bits of the address.
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Port 4 Data Direction Register (PADDR)

Bit 7 6 5 4 3 2 1 0
| P47DDR|P46DDR |P45DDR | P44DDR| P43DDR | P42DDR | P41DDR|P4ODDR ‘

o
o
o

Initial value 0 0 0 0
Read/Write w w w W W W w

s o

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 4. PADDR cannot be read; if it is, an undefined value will be returned.

When ahit in PADDR is set to 1, the corresponding pin functions as an output port, and when
cleared to O, as an input port.

PADDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode. As 14-bit PWM and SCI2 are initialized in software standby mode, the
pin states are determined by the TMRO, TMR1, HIF, I1C1, PADDR, and PADR specifications.

Port 4 Data Register (P4DR)

Bit 7 6 5 4 3 2 1 0
| P47DR | P46DR | P45DR | P44DR | P43DR | P42DR | P41DR | P40DR ‘
Initial value 0 0 0 0 0 0 0 0

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

PADR is an 8-bit readable/writable register that stores output data for the port 4 pins (P47 to P40).
If aport 4 read is performed while PADDR bits are set to 1, the PADR values are read directly,
regardless of the actual pin states. If a port 4 read is performed while PADDR bits are cleared to O,
the pin states are read.

PADR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

8.5.3 Pin Functions

Port 4 pins also function as 14-bit PWM output pins (PWX1, PWXO0), 8-bit timer 0 and 1 (TMRO,
TMRLY) I/O pins (TMCIO, TMRIO, TMOO, TMCI1, TMRI1, TMOL), timer connection I/O pins
(CSYNCI, HSYNCI, HSYNCO), SCI2 /0O pins (TxD2, RxD2, SCK2), IrDA interface 1/O pins
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(IrTxD, IrRxD), host interface output pins (HIRQ12, HIRQ1, HIRQ11), and the IIC1 I/O pin
(SDAL). The port 4 pin functions are shown in table 8.11.

Table8.11 Port 4 Pin Functions

Pin Selection Method and Pin Functions
P47/PWX1 The pin function is switched as shown below according to the combination of
bit OEB in DACR of 14-bit PWM, and bit PA7DDR.
OEB 0 1
P47DDR 0 1 —
Pin function P47 input pin P47 output pin PWX1 output pin
P46/PWX0 The pin function is switched as shown below according to the combination of
bit OEA in DACR of 14-bit PWM, and bit PA6DDR.
OEA 0 1
P46DDR 0 1 —
Pin function P46 input pin P46 output pin PWXO0 output pin
PA5/TMRI1/ The pin function is switched as shown below according to the combination of

HIRQ12/CSYNCI

the operating mode and bit P45DDR.

P45DDR 0 1

Operating — Not slave mode Slave mode
mode

Pin function P45 input pin P45 output pin HIRQ12 output pin

TMRI1 input pin, CSYNCI input pin

When bits CCLR1 and CCLRO in TCR1 of TMRL1 are set to 1, this pin is used
as the TMRI1 input pin. It can also be used as the CSYNCI input pin.

P44/TMO1/
HIRQ1/HSYNCO

The pin function is switched as shown below according to the combination of
the operating mode, bits OS3 to OS0 in TCSR of TMR1, bit HOE in TCONRO
of the timer connection function, and bit P44DDR.

HOE 0 1

0S3to 0OS0 AllO Not all 0 —

P44DDR 0 1 — —

Operating — Not slave Slave — —

mode mode mode

Pin function P44 P44 HIRQ1 TMO1 HSYNCO
input pin | output pin | output pin | output pin | output pin
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Pin

Selection Method and Pin Functions

P43/TMCI1/
HIRQ11/HSYNCI

The pin function is switched as shown below according to the combination of
the operating mode and bit P43DDR.

P43DDR 0 1

Operating — Not slave mode Slave mode

mode

Pin function P43 input pin P43 output pin HIRQ11 output pin
TMCIL input pin, HSYNCI input pin

When an external clock is selected with bits CKS2 to CKSO0 in TCR1 of TMR1,
this pin is used as the TMCI1 input pin. It can also be used as the HSYNCI
input pin.

P42/TMRIO/
SCK2/SDA1

The pin function is switched as shown below according to the combination of
bit ICE in ICCR of lIC1, bits CKE1 and CKEO in SCR of SCI2, bit C/A in SMR
of SCI2, and bit P42DDR.

ICE 0 1

CKE1 0 1 0

C/A 0 1 — 0

CKEO 0 1 — — 0

P42DDR 0 1 — — — —

Pin function P42 P42 SCK2 SCK2 SCK2 SDAl
input pin |output pin|output pin|output pin| input pin | /O pin

TMRIO input pin

When this pin is used as the SDAL I/O pin, bits CKE1 and CKEO in SCR of
SCI2 and bit C/A in SMR of SCI2 must all be cleared to 0. SDA1 is an NMOS-
only output, and has direct bus drive capability.

When bits CCLR1 and CCLRO in TCRO of TMRO are set to 1, this pin is used
as the TMRIOQ input pin.
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Pin Selection Method and Pin Functions

P41/TMOO/RxD2/ The pin function is switched as shown below according to the combination of

IrRxD bits OS3 to OS0 in TCSR of TMRO, bit RE in SCR of SCI2 and bit P41DDR.
0S3to 0OSO AllO Not all 0
RE 0 1 0
P41DDR 0 1 — —
Pin function P41 P41 RxD2/IrRxD TMOO0

input pin output pin input pin output pin

When this pin is used as the TMOO output pin, bit RE in SCR of SCI2 must be
cleared to 0.

P40/TMCI0/TxD2/ The pin function is switched as shown below according to the combination of

IrTxD bit TE in SCR of SCI2 and bit P4A0DDR.
TE 0 1
P40DDR 0 1 —
Pin function P40 P40 TXD2/IrTxD
input pin output pin output pin
TMCIO input pin

When an external clock is selected with bits CKS2 to CKSO0 in TCRO of TMRO,
this pin is used as the TMCIO input pin.

Rev. 4.00 Sep 27, 2006 page 242 of 1130
REJ09B0327-0400

RENESAS



Section 8 1/0 Ports

8.6 Port 5

8.6.1 Overview

Port 5isa 3-bit 1/0 port. Port 5 pins a so function as SCIO0 1/0 pins (TxDO0, RxD0, SCKO0), and the
[1CO 1/O pin (SCLO) (option in H8S/2148 Group and H8S5/2147N only). In the H852148 Group
and H8S/2147N, P52 and SCKO0 are NMOS push-pull outputs, and SCLO isan NMOS open-drain
output. Port 5 pin functions are the samein all operating modes.

Figure 8.13 shows the port 5 pin configuration.

Port 5 pins

~—» P52 (1/0)/SCKO (I/0)/SCLO (1/0)
Port5 \e—» P51 (1/0)/RxDO (Input)
~—» P50 (I/0)/TxDO0 (Output)

Figure8.13 Port 5 Pin Functions

8.6.2 Register Configuration
Table 8.12 shows the port 5 register configuration.

Table8.12 Port 5 Registers

Name Abbreviation R/W Initial Value Address”
Port 5 data direction register PS5DDR w H'F8 H'FFB8
Port 5 data register P5DR R/W H'F8 H'FFBA

Note: * Lower 16 bits of the address.
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Port 5 Data Direction Register (PSDDR)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | — |P52DDR|P51DDR|P50DDR‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — w W w

P5DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 5. PSDDR cannot be read; if it is, an undefined value will be returned. Bits 7 to 3 are
reserved.

Setting a P5SDDR hit to 1 makes the corresponding port 5 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P5DDR isinitialized to H'F8 by areset and in hardware standby mode. It retains its prior statein
software standby mode. As SCIO0 isinitialized, the pin states are determined by the [1CO ICCR,
P5DDR, and P5DR specifications.

Port 5 Data Register (P5DR)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | — | P52DR | P51DR | P50DR ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

P5DR is an 8-bit readable/writable register that stores output data for the port 5 pins (P52 to P50).
If aport 5 read is performed while PSDDR bits are set to 1, the PSDR values are read directly,
regardless of the actual pin states. If aport 5 read is performed while PSDDR bits are cleared to O,
the pin states are read.

Bits 7 to 3 are reserved; they cannot be modified and are alwaysread as 1.

P5DRisinitialized to H'F8 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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8.6.3

Pin Functions

Port 5 pins also function as SCIO0 /O pins (TxD0, RxD0O, SCK0) and the [1CO I/O pin (SCLO). The
port 5 pin functions are shown in table 8.13.

Table8.13 Port 5 Pin Functions

Pin Selection Method and Pin Functions
P52/SCKO/SCLO  The pin function is switched as shown below according to the combination of
bits CKE1 and CKEO in SCR of SCIO, bit C/A in SMR of SCIO0, bit ICE in ICCR
of 1IC0, and bit P52DDR.
ICE 0 1
CKE1 0 1 0
C/A 0 1 — 0
CKEO 0 1 — — 0
P52DDR 0 1 — — — —
Pin function P52 P52 SCKO SCKO SCKO SCLO
input pin |output pin|output pin|output pin| input pin | 1/O pin
When this pin is used as the SCLO I/O pin, bits CKE1 and CKEO in SCR of
SCI0 and bit C/A in SMR of SCI0 must all be cleared to O.
SCLO is an NMOS open-drain output, and has direct bus drive capability.
In the H8S/2148 Group and H8S/2147N, when set as the P52 output pin or
SCKO output pin, this pin is an NMOS push-pull output.
P51/RxD0 The pin function is switched as shown below according to the combination of
bit RE in SCR of SCI0 and bit P51DDR.
RE 0 1
P51DDR 0 1 —
Pin function P51 input pin P51 output pin RxDO input pin
P50/TxDO0 The pin function is switched as shown below according to the combination of

bit TE in SCR of SCIO and bit PSODDR.

TE 0 1
P50DDR 0 1 —
Pin function P50 input pin P50 output pin TxDO output pin
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8.7 Port 6

87.1 Overview

Port 6 is an 8-bit 1/0 port. Port 6 pins also function as the 16-bit free-running timer (FRT) 1/0 pins
(FTOA, FTOB, FTIA to FTID, FTCI), timer X (TMRX) /O pins (TMOX, TMIX) (H85/2148
Group only), thetimer Y (TMRY) input pin (TMIY), timer connection 1/0 pins (HFBACKI,
VSYNCI, VSYNCO, VFBACKI, CLAMPO) (H85/2148 Group only), key-sense interrupt input
pins (KIN7 to KINO), expansion A/D converter input pins (CIN7 to CINO), and external interrupt
input pins (IRQ7, IRQ6). In the H8S/2148 Group and H8S/2147N, the port 6 input level can be
switched in four stages. Port 6 pin functions are the same in all operating modes.

Figure 8.14 shows the port 6 pin configuration.

Port 6 pins

-« P67 (I/0)/TMOX (Output)/KIN7 (Input)/CIN7 (Input)/IRQ7 (Input)

—» P66 (I/0)/FTOB (Output)/KING (Input)/CING (Input)/IRQ6 (Input)

—» P65 (I/O)/FTID (Input)/KIN5 (Input)/CIN5 (Input)

— P64 (I/O)/FTIC (Input)/KIN4 (Input)/CIN4 (Input)/CLAMPO (Output)

— P63 (I/O)/FTIB (Input)/KIN3 (Input)/CIN3 (Input)/VFBACKI (Input)

- P62 (I/O)/FTIA (Input)/KIN2 (Input)/CIN2 (Input)/VSYNCI (Input)/TMIY (Input)
-« P61 (I/O)/FTOA (Output)/KINT (Input)/CIN1 (Input)/VSYNCO (Output)

e—» P60 (I/O)/FTCI (Input)/KINO (Input)/CINO (Input)/HFBACKI (Input)/TMIX (Input)

Port 6

Figure8.14 Port 6 Pin Functions
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8.7.2 Register Configuration
Table 8.14 shows the port 6 register configuration.

Table8.14 Port 6 Registers

Name Abbreviation R/W Initial Value Address™
Port 6 data direction register P6DDR W H'00 H'FFB9
Port 6 data register P6DR R/W H'00 H'FFBB
Port 6 MOS pull-up control register KMPCR R/W H'00 H'FFF2**
System control register 2 SYSCR2 R/W H'00 H'FF83

Notes: 1. Lower 16 bits of the address.

2. KMPCR has the same address as TICRR/TCORAY of TMRX/TMRY. To select
KMPCR, set the HIE bitto 1 in SYSCR and set the MSTP2 bit to 0 in MSTPCRL.

Port 6 Data Direction Register (P6DDR)

Bit 7 6 5 4 3 2 1 0

| P67DDR | P66DDR | P65DDR| P64DDR| P63DDR | P62DDR | P61DDR|P60DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w w W W W w w

P6DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 6. PBDDR cannot be read; if it is, an undefined value will be returned.

Setting a P6DDR hit to 1 makes the corresponding port 6 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P6DDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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Port 6 Data Register (P6DR)

Bit 7 6 5 4 3 2 1 0
| P67DR | P66DR | P65DR | P64DR | P63DR | P62DR | P61DR | P60DR ‘
Initial value 0 0 0 0 0 0 0 0

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

P6DR is an 8-bit readable/writable register that stores output data for the port 6 pins (P67 to P60).
If aport 6 read is performed while PBDDR bits are set to 1, the P6DR values are read directly,
regardless of the actual pin states. If aport 6 read is performed while PGDDR bits are cleared to O,
the pin states are read.

PEDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.

Port 6 MOS Pull-Up Control Register (KMPCR)

Bit 7 6 5 4 3 2 1 0
’KM?PCR‘KMGPCR’KMSPCR’KM4PCR‘KM3PCR’KMZPCR’KMlPCR‘KMOPCR‘
Initial value 0 0 0 0 0 0 0 0

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

KMPCR is an 8-hit readabl e/writable register that controls the port 6 built-in MOS input pull-ups
on a bit-by-bit basis.

The MOS input pull-up is turned on when a KMPCR bhit is set to 1 while the corresponding
P6DDR hit is cleared to 0 (input port setting).

KMPCR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.
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System Control Register 2 (SYSCR2) (H852148 Group and H852147N Only)

Bit 7 6 5 4 3 2 1 0
‘KWULl \ KWULO‘ P6PUE \ — \ SDE \ CS4E \ CS3E \ HI12E \

Initial value 0 0 0 0 0 0 0 0

Read/Write  RW  RMW  RW — RW RW RW  RW

SYSCR2 is an 8-hit readable/writable register that controls port 6 input level selection and the
operation of host interface functions.

Only bits 7, 6, and 5 are described here. See section 18.2.2, System Control Register 2 (SY SCR2),
for information on bits 4 to 0.

SYSCR2 isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Key Wakeup Level 1 and 0 (KWUL 1, KWULO): The port 6 input level setting
can be changed by software, using these bits. The setting of these bits also changes the input level
of the pin functions multiplexed with port 6.

Bit 7 Bit 6

KWUL1 KWULO Description

0 0 Standard input level is selected as port 6 input level  (Initial value)
1 Input level 1 is selected as port 6 input level

1 0 Input level 2 is selected as port 6 input level
1 Input level 3 is selected as port 6 input level

Bit 5—Port 6 Input Pull-Up Extra (P6PUE): Controls and selects the current specification for
the port 6 MOS input pull-up function connected by means of KMPCR settings.

Bit 5

P6PUE Description

0 Standard current specification is selected for port 6 MOS input pull-up function
(Initial value)

1 Current-limit specification is selected for port 6 MOS input pull-up function
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8.7.3

Pin Functions

Port 6 pins also function as the 16-bit free-running timer (FRT) 1/0O pins (FTOA, FTOB, FTIA to
FTID, FTCI), timer X (TMRX) 1/O pins (TMOX, TMIX), thetimer Y (TMRY) input pin (TMI1Y),
timer connection /O pins (HFBACKI, VSYNCI, VSYNCO, VFBACKI, CLAMPO), key-sense
interrupt input pins (KIN7 to KINO), comparator input pins (CIN7 to CINO), and external interrupt
input pins (IRQ7, IRQ6). In the H8S/2148 Group and H8S/2147N, the port 6 input level can be
switched in four stages. The port 6 pin functions are shown in table 8.15.

Table8.15 Port 6 Pin Functions

Pin

Selection Method and Pin Functions

P67/TMOX/IRQ7/
KIN7/CIN7

The pin function is switched as shown below according to the combination of
bits OS3 to OS0 in TCSR of TMRX and bit P67DDR.

0S3 to OSO All 0 Not all 0
P67DDR 0 1 —
Pin function P67 input pin P67 output pin TMOX output pin

IRQ7 input pin, KIN7 input pin, CIN7 input pin

This pin is used as the IRQ7 input pin when bit IRQ7E is setto 1 in IER.
It can always be used as the KIN7 or CIN7 input pin.

P66/FTOB/IRQ6/
KING/CING

The pin function is switched as shown below according to the combination of
bit OEB in TOCR of the FRT and bit P66DDR.

OEB 0 1
P66DDR 0 1 —
Pin function P66 input pin P66 output pin FTOB output pin

IRQ6 input pin, KING input pin, CING input pin

This pin is used as the IRQ6 input pin when bit IRQ6E is setto 1 in IER.
It can always be used as the KIN6 or CING input pin.

P65/FTID/KINS/
CINS

P65DDR

0

1

Pin function

P65 input pin

P65 output pin

FTID input pin, KIN5 input pin, CIN5 input pin

This pin can always be used as the FTID, KIN5, or CIN5 input pin.
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Pin

Selection Method and Pin Functions

P64/FTIC/KIN4/
CIN4/CLAMPO

The pin function is switched as shown below according to the combination of
bit CLOE in TCONRO of the timer connection function and bit P64DDR.

CLOE 0 1

P64DDR 0 1 —
Pin function P64 P64 CLAMPO
input pin output pin output pin

FTIC input pin, KIN4 input pin, CIN4 input pin

This pin can always be used as the FTIC, KIN4, or CIN4 input pin.

P63/FTIB/KINS/
CIN3/VFBACKI

P63DDR

0

1

Pin function

P63 input pin

P63 output pin

FTIB input pin, VFBACKI input pin, KIN3 input pin,

CIN3 input pin

This pin can always be used as the FTIB, KIN3, CIN3, or VFBACKI input pin.

P62/FTIAITMIY/
KIN2/CIN2/
VSYNCI

P62DDR

0

1

Pin function

P62 input pin

P62 output pin

FTIA input pin, VSYNCI input pin, TMIY input pin,
KIN2 input pin, CIN2 input pin

This pin can always be used as the FTIA, TMIY, KIN2, CIN2, or VSYNCI input

pin.

P61/FTOA/KIN1/
CIN1/VSYNCO

The pin function is switched as shown below according to the combination of
bit OEA in TOCR of the FRT, bit VOE in TCONRO of the timer connection
function, and bit P61DDR.

VOE 0

OEA 0 1 0

P61DDR 0 1 — —

Pin function P61 P61 FTOA VSYNCO
input pin output pin output pin output pin

KIN1 input pin, CIN1 input pin

When this pin is used as the VSYNCO pin, bit OEA in TOCR of the FRT must

be cleared to 0.

This pin can always be used as the KIN1 or CIN1 input pin.
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Pin Selection Method and Pin Functions

PBO/FTCI/TMIX/

KINO/CINO/ P60DDR 0 1
HFBACKI Pin function P60 input pin P60 output pin

FTCI input pin, HFBACKI input pin, TMIX input pin,
KINO input pin, CINO input pin

This pin is used as the FTCI input pin when an external clock is selected with
bits CKS1 and CKSO0 in TCR of the FRT.

It can always be used as the TMIX, KINO, CINO, or HFBACKI input pin.

8.7.4 MOS Input Pull-Up Function

Port 6 has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in any operating mode, and can be specified as on or off on a
bit-by-hit basis.

When a P6DDR hit is cleared to O, setting the corresponding KMPCR hit to 1 turns on the MOS
input pull-up for that pin. The MOS input pull-up current specification can be changed by means
of the PEBPUE bit. When a pin is designated as an on-chip supporting module output pin, the MOS
input pull-up is always off.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state is retained in software standby mode.

Table 8.16 summarizes the MOS input pull-up states.

Table8.16 MOSInput Pull-Up States (Port 6)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2,3 Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when P6DDR = 0 and KMPCR = 1, otherwise off.
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8.8 Port 7

88.1 Overview

Port 7 is an 8-bit input port. Port 7 pins also function asthe A/D converter analog input pins (ANO
to AN7) and D/A converter analog output pins (DAO, DA1). Port 7 functions are the samein al
operating modes.

Figure 8.15 shows the port 7 pin configuration.

Port 7 pins

a—w P77 (Input)/AN7 (Input)/DAL (Output)
~— P76 (Input)/AN6 (Input)/DAO (Output)
~—— P75 (Input)/AN5 (Input)
~—— P74 (Input)/AN4 (Input)
~—— P73 (Input)/AN3 (Input)
~—— P72 (Input)/AN2 (Input)
~—— P71 (Input)/AN1 (Input)
~—— P70 (Input)/ANO (Input)

Port 7

Figure8.15 Port 7 Pin Functions

882 Register Configuration

Table 8.17 shows the port 7 register configuration. Port 7 is an input-only port, and does not have
adatadirection register or dataregister.

Table8.17 Port 7 Registers

Name Abbreviation R/W Initial Value Address™*
Port 7 input data register P7PIN R Undefined H'FFBE™?

Notes: 1. Lower 16 bits of the address.
2. P7PIN has the same address as PBDDR.
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Port 7 Input Data Register (P7PIN)

Bit 7 6 5 4 3 2 1 0

| P77PIN | P76PIN | P75PIN | P74PIN | P73PIN | P72PIN | P71PIN | P70PIN ‘
Initial value —* —* —* —* —* —* —* —*
Read/Write R R R R R R R R

Note: * Determined by the state of pins P77 to P70.

When a P7PIN read is performed, the pin states are always read.

P7PIN has the same address as PBDDR; if awrite is performed, data will be written into PBDDR
and the port B setting will be changed.

8.8.3 Pin Functions

Port 7 pins also function as the A/D converter analog input pins (ANO to AN7) and D/A converter
analog output pins (DAO, DA1).
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8.9 Port 8

89.1 Overview

Port 8 is an 8-hit 1/0 port. Port 8 pins also function as SCI1 1/O pins (TxD1, RxD1, SCK1), the
[1C1 1/O pin (SCL1) (option in H8S/2148 Group and H8S/2147N only), HIF 1/O pins (CS2,
GA20, HAO, HIFSD) (H85/2148 Group and H8S5/2147N only), and external interrupt input pins
(IRQ5 to IRQ3). Port 8 pin functions are the samein all operating modes. Figure 8.16 shows the

port 8 pin configuration.

Port 8 pins

Port8 |« = P83 (I/0)

<= P80 (I/0)/HAO (Input)

~— P82 (I/O)/HIFSD (Input)
~— P81 (1/0)/CS2 (Input)/GA20 (Output)

~— P86 (I/0)/IRQ5 (Input)/SCK1 (I/O)/SCL1 (1/O)
~—» P85 (1/0)/IRQ4 (Input)/RxD1 (Input)
~—» P84 (1/0)/IRQ3 (Input)/TxD1 (Output)

Figure8.16 Port 8 Pin Functions

8.9.2 Register Configuration
Table 8.18 summarizes the port 8 registers.

Table8.18 Port 8 Registers

Name Abbreviation R/W Initial Value Address™
Port 8 data direction register P8DDR w H'80 H'FFBD*?
Port 8 data register P8DR R/W H'80 H'FFBF

Notes: 1. Lower 16 bits of the address.
2. P8DDR has the same address as PBPIN.
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Port 8 Data Direction Register (PBDDR)

Bit 7 6 5 4 3 2 1 0

\ — \ P86DDR \ P85DDR \ P84DDR \ P83DDR \ P82DDR \ P81DDR \ PSODDR \
Initial value 1 0 0 0 0 0 0 0
Read/Write — w W W w W W w

P8DDR isa 7-bit write-only register, the individual bits of which specify input or output for the
pins of port 8. PBDDR has the same address as PBPIN, and if read, the port B state will be
returned.

Setting a PBDDR bit to 1 makes the corresponding port 8 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

PBDDR isinitialized to H'80 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 8 Data Register (P8DR)

Bit 7 6 5 4 3 2 1 0

] — \ P86DR ] P85DR ] P84DR \ P83DR ] P82DR ] P81DR \ PSODR \
Initial value 1 0 0 0 0 0 0 0
Read/Write — RW RW RW RW RW RW  RW

P8DR is a 7-bit readable/writable register that stores output data for the port 8 pins (P86 to P80). If
aport 8 read is performed while PBDDR hits are set to 1, the PBDR values are read directly,
regardless of the actual pin states. If aport 8 read is performed while PBDDR bits are cleared to O,
the pin states are read.

P8DR isinitialized to H'80 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.

8.9.3 Pin Functions

Port 8 pins also function as SCI1 1/O pins (TxD1, RxD1, SCK1), the IC11/O pin (SCL1), HIF
1/0 pins (CS2, GA20, HAO, HIFSD), and external interrupt input pins (IRQ5 to IRQ3). The port 8
pin functions are shown in table 8.19.
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Table8.19 Port 8 Pin Functions

Pin

Selection Method and Pin Functions

P86/IRQ5/SCK1/
SCL1

The pin function is switched as shown below according to the combination of
bits CKE1 and CKEO in SCR of SCI1, bit C/A in SMR of SCI1, bit ICE in ICCR
of [IC1, and bit PB6DDR.

ICE 0 1

CKE1 0 1 0

C/A 0 1 — 0

CKEO 0 1 — — 0

P86DDR 0 1 — — — —

Pin function P86 P86 SCK1 SCK1 SCK1 SCL1
input pin |output pin|output pin|output pin| input pin | /O pin

TRQS5 input pin

When the IRQS5E bit in IER is set to 1, this pin is used as the IRQ5 input pin.
When this pin is used as the SCLL1 I/O pin, bits CKE1 and CKEO in SCR of
SCI1 and bit C/A in SMR of SCI1 must all be cleared to 0. SCL1 is an NMOS-
only output, and has direct bus drive capability.

P85/IRQ4/RxD1

The pin function is switched as shown below according to the combination of

bit RE in SCR of SCI1 and bit P85DDR.

RE 0 1

P85DDR 0 1 —

Pin function P85 input pin P85 output pin RxD1 input pin
TRQ4 input pin

When the IRQ4E bit in IER is set to 1, this pin is used as the IRQ4 input pin.

P84/IRQ3/TxD1

The pin function is switched as shown below according to the combination of

bit TE in SCR of SCI1 and bit P84DDR.

TE 0 1

P84DDR 0 1 —

Pin function P84 input pin P84 output pin TxD1 output pin
IRQ3 input pin

When the IRQ3E bit in IER is set to 1, this pin is used as the IRQS input pin.
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Pin Selection Method and Pin Functions
P83 The pin function is switched as shown below according to bit PB3DDR.
P83DDR 0 1
Pin function P83 input pin P83 output pin
P82/HIFSD The pin function is switched as shown below according to the combination of
operating mode, bit SDE in SYSCR2, and bit P82DDR.
Operating Not slave mode Slave mode
mode
SDE — 0 1
P82DDR 0 1 0 1 —
Pin function P82 P82 P82 P82 HIFSD
input pin | output pin | inputpin | output pin | input pin
P81/GA20/CS2 The pin function is switched as shown below according to the combination of
operating mode, bit CS2E in SYSCR, bit FGA20E in HICR of the HIF, and bit
P81DDR.
Operating Not slave mode Slave mode
mode
FGA20E — 0 1
CS2E — 0 1 —
P81DDR 0 1 0 1 — 0 1
Pin function | P81 P81 P81 P81 CS2 P81 GA20
input | output | input | output | input input | output
pin pin pin pin pin pin pin
This pin should be used as the GA20 output pin or CS2 input pin only in mode
2 or 3 (EXPE =0).
P80/HAO

The pin function is switched as shown below according to the combination of
operating mode and bit PSBODDR.

Operating Not slave mode Slave mode
mode

P80ODDR 0 1 —

Pin function P80 input pin P80 output pin HAO input pin
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810 Port9

8.10.1 Overview

Port 9 is an 8-bit I/O port. Port 9 pins also function as external interrupt input pins (IRQO to
IRQ2), the A/D converter external trigger input pin (ADTRG), host interface input pins (ECS2,
CS1, IOW, IOR) (H8S/2148 Group and H8S/2147N only), the 11C0 1/0 pin (SDAO) (option in
H8S5/2148 Group and H8S/2147N only), the subclock input pin (EXCL), bus control signal 1/0
pins (AS/IOS, RD, HWR, LWR, WAIT), and the system clock (¢) output pin. In H8S/2148 Group
and H8S/2147N, P97 is an NMOS push-pull output. SDAO is an NMOS open-drain output, and

has direct bus drive capability.

Figure 8.17 shows the port 9 pin configuration.

Port 9 pins Pin functions in modes 1, 2 and 3 (EXPE = 1)
e—s P97/WAIT/SDAO WAIT (Input)/P97 (1/0)/SDAO (I/O)
= POB/Q@EXCL @ (Output)/P96 (Input)/EXCL (Input)
e—» P95/AS/IOS/CST AS (Output)/1OS (Output)
Porto [~ P94/HWR/IOW HWR (Output)
+—» P93/RD/IOR RD (Output)
s P92/IRQO P92 (1/0)/IRQO (Input)
-—» P91/IRQT P91 (I/0)/IRQ1 (Input)
l«—» P9O/LWR/IRQ2/ADTRG/ECS2 P90 (I/O)/LWR (Output)/IRQ2 (Input)/ADTRG (Input)

Pin functions in modes 2 and 3 (EXPE = 0)

P97 (1/0)/SDAO (1/0)

P96 (Input)/¢ (Output)/EXCL (Input)

P95 (I/O)/CST (Input)

P94 (1/0)1I0W (Input)

P93 (1/0)/I0OR (Input)

P92 (I/O)/IRQO (Input)

P91 (I/O)TRQT (Input)

P90 (1/0)/IRQ2 (Input)/ADTRG (Input)/ECS2 (Input)

Figure8.17 Port 9 Pin Functions
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8.10.2 Register Configuration
Table 8.20 summarizes the port 9 registers.

Table8.20 Port 9 Registers

Name Abbreviation R/W Initial Value Address™
Port 9 data direction register PODDR w H'40/H'00™* H'FFCO
Port 9 data register PODR R/W H'00 H'FFC1

Notes: 1. Lower 16 bits of the address.
2. Initial value depends on the mode.

Port 9 Data Direction Register (P9DDR)

Bit 7 6 5 4 3 2 1 0
\ P97DDR \ P96DDR \ P95DDR \ P94DDR \ P93DDR \ P92DDR \ P91DDR \ PYODDR \

Mode 1

Initial value 0 1 0 0 0 0 0 0

Read/Write w W W W W w w W
Modes 2 and 3

Initial value 0 0 0 0 0 0 0 0

Read/Write w W w w W w w W

PODDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 9. PODDR cannot be read; if it is, an undefined value will be returned.

PODDR isinitialized to H'40 (mode 1) or H'00 (modes 2 and 3) by areset and in hardware standby
mode. It retainsits prior state in software standby mode.

* Modes1,2and3(EXPE=1)
Pin P97 functions as a bus control input (WAIT), the [ICO 1/O pin (SDAOQ), or an |/O port,
according to the wait mode setting. When P97 functions as an 1/O port, it becomes an output
port when P97DDR is set to 1, and an input port when P97DDR is cleared to O.
Pin P96 functions as the ¢ output pin when P96DDR is set to 1, and as the subclock input
(EXCL) or an input port when P96DDR is cleared to 0.
Pins P95 to P93 automatically become bus control outputs (AS/IOS, HWR, RD), regardless of
the input/output direction indicated by PO95DDR to P93DDR.
Pins P92 and P91 become output ports when P92DDR and PO1DDR are set to 1, and input
ports when P92DDR and PO1DDR are cleared to O.
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When the ABW bit in WSCR is cleared to 0, pin P90 becomes a bus control output (LWR),
regardless of the input/output direction indicated by POODDR. When the ABW bit is 1, pin P90
becomes an output port if POODDR is set to 1, and an input port if POODDR is cleared to 0.

«  Modes 2 and 3 (EXPE = 0)

When the corresponding PODDR bits are set to 1, pin P96 functions as the ¢ output pin and
pins P97 and P95 to P90 become output ports. When PODDR hits are cleared to O, the
corresponding pins become input ports.

Port 9 Data Register (P9DR)

Bit 7 6 5 4 3 2 1 0

\ P97DR \ P96DR \ P95DR \ P94DR \ P93DR \ P92DR \ P91DR \ P90DR \
Initial value 0 —* 0 0 0 0 0 0
Read/Write  R/W R RW RW RW RW RW  RW

Note: * Determined by the state of pin P96.

PODR is an 8-bit readable/writable register that stores output data for the port 9 pins (P97 to P0).
With the exception of P96, if a port 9 read is performed while PODDR bits are set to 1, the PODR
values are read directly, regardless of the actual pin states. If aport 9 read is performed while
PODDR hits are cleared to 0, the pin states are read.

PODR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior state in
software standby mode.

8.10.3 Pin Functions

Port 9 pins also function as external interrupt input pins (IRQO to IRQ2), the A/D converter trigger
input pin (ADTRG), HIF input pins (ECS2, CS1, IOW, IOR), the 11CO0 1/0 pin (SDAO), the
subclock input pin (EXCL), bus control signal 1/0 pins (AS/IOS, RD, HWR, LWR, WAIT), and
the system clock (¢q) output pin. The pin functions differ between the mode 1, 2, and 3 (EXPE = 1)
expanded modes and the mode 2 and 3 (EXPE = 0) single-chip modes. The port 9 pin functions
are shown in table 8.21.
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Table8.21 Port 9 Pin Functions

Pin Selection Method and Pin Functions
P97/WAIT/SDAO  The pin function is switched as shown below according to the combination of
operating mode, bit WMS1 in WSCR, bit ICE in ICCR of IICO, and bit P97DDR.
Operating Modes 1, 2, 3 (EXPE =1) Modes 2, 3 (EXPE = 0)
mode
WMS1 0 1 —
ICE 0 1 — 0 1
P97DDR 0 1 — — 0 —
Pin function | P97 P97 SDAO | WAIT P97 P97 SDAO
input | output | I/O pin | input input | output | I/O pin
pin pin pin pin pin
When this pin is set as the P97 output pin in the H8S/2148 Group and
H8S/2147N, it is an NMOS push-pull output. SDAO is an NMOS open-drain
output, and has direct bus drive capability.
P96/(/EXCL The pin function is switched as shown below according to the combination of
bit EXCLE in LPWRCR and bit P96DDR.
P96DDR 0 1
EXCLE 0 1 0
Pin function P96 input pin EXCL input pin @ output pin
When this pin is used as the EXCL input pin, P96DDR should be cleared to O.
P95/AS/IOS/CS1  The pin function is switched as shown below according to the combination of

operating mode, bit IOSE in SYSCR, bit HI12E in SYSCR2, and bit P95DDR.

Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)

mode (EXPE =1)

HI12E — 0 1

P95DDR — 0 1 —

IOSE 0 1 — — —

Pin function AS 10S P95 P95 CSi
output pin | output pin | inputpin | outputpin | inputpin
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Pin Selection Method and Pin Functions
P94/HWR/IOW The pin function is switched as shown below according to the combination of
operating mode, bit HI12E in SYSCRZ2, and bit P94DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
HI12E — 0 1
P94DDR — 0 1 —
Pin function HWR P94 P94 oW
output pin input pin output pin input pin
P93/RD/IOR The pin function is switched as shown below according to the combination of
operating mode, bit HI12E in SYSCR2, and bit P93DDR.
Operating Modes 1, 2, 3 Modes 2, 3 (EXPE = 0)
mode (EXPE =1)
HI12E — 0 1
P93DDR — 0 1 —
Pin function | RD output pin | P93 input pin | P93 output pin | 1OR input pin
P92/IRQ0 P92DDR 0 1
Pin function P92 input pin P92 output pin
TRQO input pin
When bit IRQOE in IER is set to 1, this pin is used as the IRQO input pin.
P91/IRQT P91DDR 0 1
Pin function P91 input pin P91 output pin

IRQ1 input pin

When bit IRQ1E in IER is set to 1, this pin is used as the IRQ1 input pin.
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Pin

Selection Method and Pin Functions

P90/LWR/IRQ2/
ADTRG/ECS2

The pin function is switched as shown below according to the combination of
operating mode, bit ABW in WSCR, bits HI12E and CS2E in SYSCR2, bit
FGAZ20E in HICR, and bit P9ODDR.

Operating Modes 1, 2, 3 (EXPE = 1) Modes 2, 3 (EXPE = 0)

mode

ABW 0 1 —

HI12E — Any one 0 1

FGA20E —

CS2E — 1

P90DDR — 0 1 0 1 —

Pin function | LWR P90 P90 P90 P90 ECS2
output pin| input pin |output pin| input pin |output pin| input pin

TRQ2 input pin, ADTRG input pin

When the IRQ2E bit in IER is set to 1 in mode 1, 2, or 3 (EXPE = 1) with the
ABW bit in WSCR set to 1, or in mode 2 and 3 (EXPE = 0), this pin is used as
the IRQ2 input pin.

When TRGS1 and TRGSO in ADCR of the A/D converter are both set to 1, this
pin is used as the ADTRG input pin.
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8.11

8.11.1

Port A

Overview

Port A is an 8-bit I/O port. Port A pins aso function as keyboard buffer controller 1/0O pins
(PS2AC, PS2AD, PS2BC, PS2BD, PS2CC, PS2CD) (H85/2148 Group and H8S/2147N only),
key-sense interrupt input pins (KIN15 to KINS), expansion A/D converter input pins (CIN15 to
CIN8), and address output pins (A23 to A16). Port A pin functions are the same in all operating
modes. Figure 8.18 shows the port A pin configuration.

Port A

Port A pins
PA7/A23/KIN15/CIN15/PS2CD
PAB/A22/KINT4/CIN14/PS2CC
PAS5/A21/KINT3/CIN13/PS2BD
PA4/A20/KINT2/CIN12/PS2BC
PA3/A19/KINTT/CIN11/PS2AD
PA2/A18/KINT0/CIN10/PS2AC
PA1/A17/KIN9/CIN9
PAO/A16/KINS/CINS

Pin functions in modes 1 and 2 (EXPE = 0) and mode 3
PA7 (1/0)/KINT5 (Input)/CIN15 (Input)/PS2CD (I/O)

PA6 (I/0)/KIN14 (Input)/CIN14 (Input)/PS2CC (I/O)

PAS5 (1/0)/KINT3 (Input)/CIN13 (Input)/PS2BD (1/O)

PA4 (1/0)/KINT2 (Input)/CIN12 (Input)/PS2BC (I/O)

PA3 (I/O)/KINTT (Input)/CIN11 (Input)/PS2AD (I/O)

PA2 (1/0)/KINTO (Input)/CIN10 (Input)/PS2AC (I/O)

PA1 (I/0)/KINS (Input)/CIN9 (Input)

PAO (I/0)/KIN8 (Input)/CIN8 (Input)

Pin functions in mode 2 (EXPE = 1)

PA7 (1/0)/A23 (Output)/KINT5 (Input)/CIN15 (Input)/PS2CD (I/O)
PAG (1/0)/A22 (Output)/KINT4 (Input)/CIN14 (Input)/PS2CC (1/O)
PAS5 (1/0)/A21 (Output)/KINT3 (Input)/CIN13 (Input)/PS2BD (1/O)
PA4 (1/0)/A20 (Output)/KINT2 (Input)/CIN12 (Input)/PS2BC (1/O)
PA3 (1/0)/A19 (Output)/KINTT (Input)/CIN11 (Input)/PS2AD (1/O)
PA2 (1/0)/A18 (Output)/KINTO (Input)/CIN10 (Input)/PS2AC (1/O)
PA1 (I/O)/A17 (Output)/KIN (Input)/CINS (Input)

PAO (I/O)/A16 (Output)/KIN8 (Input)/CIN8 (Input)

Figure 8.18

Port A Pin Functions
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8.11.2 Register Configuration
Table 8.22 summarizes the port A registers.

Table8.22 Port A Registers

Name Abbreviation R/W Initial Value Address™*
Port A data direction register PADDR W H'00 H'FFAB*?
Port A output data register PAODR R/W H'00 H'FFAA
Port A input data register PAPIN R Undefined H'FFAB*?

Notes: 1. Lower 16 bits of the address.
2. PADDR and PAPIN have the same address.

Port A Data Direction Register (PADDR)

Bit 7 6 5 4 3 2 1 0
]PA?DDR \ PAGDDR ] PASDDR ] PA4DDR \ PA3DDR ] PA2DDR ] PA1DDR \ PAODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W W w w W

PADDR isan 8-hit write-only register, the individual bits of which specify input or output for the
pins of port A.

Setting a PADDR bit to 1 makes the corresponding port A pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

PADDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port A Output Data Register (PAODR)

Bit 7 6 5 4 3 2 1 0
‘PA7ODR‘PA60DR‘PASODR‘PA4ODR‘PA30DR‘PAZODR‘PAlODR‘PAOODR‘
Initial value 0 0 0 0 0 0 0 0

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

PAODR is an 8-hit readable/writable register that stores output data for the port A pins (PA7 to
PAOQ). PAODR can aways be read or written to, regardless of the contents of PADDR.
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PAODR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

Port A Input Data Register (PAPIN)

Bit 7 6 5 4 3 2 1 0

\ PA7PIN \ PAGPIN \ PASPIN \ PA4PIN \ PA3PIN \ PA2PIN \ PA1PIN \ PAOPIN \
Initial value ~ —* —* —x —x —* —x —x —*
Read/Write R R R R R R R R

Note: * Determined by the state of pins PA7 to PAO.
Reading PAPIN aways returns the pin states.

8.11.3 Pin Functions

Port A pins also function as keyboard buffer controller 1/0 pins (PS2AC, PS2AD, PS2BC,
PS2BD, PS2CC, PS2CD), key-sense interrupt input pins (KIN15 to KINS), expansion A/D
converter input pins (CIN15 to CIN8), and address output pins (A23 to A16). The port A pin
functions are shown in table 8.23.

Table8.23 Port A Pin Functions

Pin Selection Method and Pin Functions
PA7/A23/PS2CD/ The pin function is switched as shown below according to the combination of
KIN15/CIN15 operating mode, the KBIOE bit in KBCR2H of the keyboard buffer controller,
the IOSE bit in SYSCR, and bit PA7DDR.
Operating Modes 1, 2 (EXPE =0), 3 Mode 2 (EXPE =1)
mode
KBIOE 0 1 0 1
PA7DDR 0 1 — 0 1 —
IOSE — — — — 0 1 —
Pin function | PA7Y PA7 |PS2CD| PA7 A23 PA7 | PS2CD
input | output | output | input | output | output | output
pin pin pin pin pin pin pin

KIN15 input pin, CIN15 input pin, PS2CD input pin

When the IICS bit in STCR is set to 1, this pin functions as a bus buffer. This
pin can always be used as the PS2CD, KIN15, or CIN15 input pin.
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Pin Selection Method and Pin Functions
PAG6/A22/PS2CC/ The pin function is switched as shown below according to the combination of
KIN14/CIN14 operating mode, the KBIOE bit in KBCR2H of the keyboard buffer controller,
the IOSE bit in SYSCR, and bit PA6DDR.
Operating Modes 1, 2 (EXPE =0), 3 Mode 2 (EXPE =1)
mode
KBIOE 0 1 0 1
PA6DDR 0 1 — 0 1 —
IOSE — — — — 0 1 —
Pin function | PA6 PA6 |PS2CC| PA6 A22 PA6 | PS2CC
input | output | output | input | output | output | output
pin pin pin pin pin pin pin
KIN14 input pin, CIN14 input pin, PS2CC input pin
When the IICS bit in STCR is set to 1, this pin functions as a bus buffer. This
pin can always be used as the PS2CC, KIN14, or CIN14 input pin.
PA5/A21/PS2BD/ The pin function is switched as shown below according to the combination of
KIN13/CIN13 operating mode, the KBIOE bit in KBCR1H of the keyboard buffer controller,

the IOSE bit in SYSCR, and bit PASDDR.

Operating Modes 1, 2 (EXPE =0), 3 Mode 2 (EXPE =1)

mode

KBIOE 0 1 0 1

PASDDR 0 1 — 0 1 —

IOSE — — — — 0 1 —

Pin function | PA5 PA5 | PS2BD| PAS5 A21 PA5 | PS2BD
input | output | output | input | output | output | output

pin pin pin pin pin pin pin

KIN13 input pin, CIN13 input pin, PS2BD input pin

When the IICS bitin STCR is set to 1, this pin functions as a bus buffer. This
pin can always be used as the PS2BD, KIN13, or CIN13 input pin.
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Pin Selection Method and Pin Functions
PA4/A20/PS2BC/ The pin function is switched as shown below according to the combination of
KIN12/CIN12 operating mode, the KBIOE bit in KBCR1H of the keyboard buffer controller,
the IOSE bit in SYSCR, and bit PA4ADDR.
Operating Modes 1, 2 (EXPE = 0), 3 Mode 2 (EXPE =1)
mode
KBIOE 0 1 0 1
PA4DDR 0 1 — 0 1 —
IOSE — — — — 0 1 —
Pin function | PA4 PA4 | PS2BC| PA4 A20 PA4 | PS2BC
input | output | output | input | output | output | output
pin pin pin pin pin pin pin

KIN12 input pin, CIN12 input pin, PS2BC input pin

When the IICS bit in STCR is set to 1, this pin functions as a bus buffer. This
pin can always be used as the PS2BC, KIN12, or CIN12 input pin.

PA3/A19/PS2AD/ The pin function is switched as shown below according to the combination of

KIN11/CIN11 operating mode, the KBIOE bit in KBCROH of the keyboard buffer controller,

the IOSE bit in SYSCR, and bit PA3DDR.

Operating Modes 1, 2 (EXPE =0), 3 Mode 2 (EXPE =1)

mode

KBIOE 0 1 0 1

PA3DDR 0 1 — 0 1 —

IOSE — — — — 0 1 —

Pin function | PA3 PA3 | PS2AD | PA3 Al9 PA3 | PS2AD
input | output | output | input | output | output | output
pin pin pin pin pin pin pin

KIN11 input pin, CIN11 input pin, PS2AD input pin
This pin can always be used as the PS2AD, KIN11, or CIN11 input pin.
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Pin Selection Method and Pin Functions
PA2/A18/PS2AC/ The pin function is switched as shown below according to the combination of
KIN10/CIN10 operating mode, the KBIOE bit in KBCROH of the keyboard buffer controller,
the IOSE bit in SYSCR, and bit PA2DDR.
Operating Modes 1, 2 (EXPE =0), 3 Mode 2 (EXPE =1)
mode
KBIOE 0 1 0 1
PA2DDR 0 1 — 0 1 —
IOSE — — — — 0 1 —
Pin function | PA2 PA2 | PS2AC| PA2 A18 PA2 | PS2AC
input | output | output | input | output | output | output
pin pin pin pin pin pin pin

KIN10 input pin, CIN10 input pin, PS2AC input pin

This pin can always be used as the PS2AC, KIN10, or CIN10 input pin.

PA1/A17/KINS/ The pin function is switched as shown below according to the combination of

CIN9 operating mode, the IOSE bit in SYSCR, and bit PA1DDR.
Operating Modes 1, Mode 2 (EXPE =1)
mode 2 (EXPE=0),3
PA1DDR 0 1 0 1
IOSE — — — 0 1
Pin function PAl PAl PAl Al7 PAl
input pin | output pin | inputpin | outputpin | output pin
KIN9 input pin, CIN9 input pin

This pin can always be used as the KIN9 or CIN9 input pin.

PAO/A16/KINS/ The pin function is switched as shown below according to the combination of

CIN8 operating mode, the IOSE bit in SYSCR, and bit PAODDR.
Operating Modes 1, Mode 2 (EXPE =1)
mode 2 (EXPE=0),3
PAODDR 0 1 0 1
IOSE — — — 0 1
Pin function PAO PAO PAO Al16 PAO
input pin | output pin | inputpin | outputpin | output pin
KIN8 input pin, CIN8 input pin

This pin can always be used as the KIN8 or CIN8 input pin.
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8.11.4 MOSInput Pull-Up Function

Port A has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in any operating mode, and can be specified as on or off on a
bit-by-hit basis.

When a PADDR hit is cleared to 0, setting the corresponding PAODR bit to 1 turns on the MOS
input pull-up for that pin. The MOS input pull-up for pins PA7 to PA4 isaways off when [ICSis
set to 1. When the keyboard buffer control pin function is selected for pins PA7 to PA2, the MOS
input pull-up is always off.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state isretained in software standby mode.

Table 8.24 summarizes the MOS input pull-up states.

Table8.24 MOSInput Pull-Up States (Port A)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2,3 Off Off On/Off On/Off

Legend:
Off: MOS input pull-up is always off.
On/Off: On when PADDR = 0 and PAODR = 1, otherwise off.
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8.12 Port B

8.12.1 Overview

Port B is an 8-bit I/O port. Port B pins also have HIF input/output pins (CS3, CS4, HIRQ3,
HIRQ4) (H85/2148 Group and H85/2147N only), and a data bus input/output function (as D7 to
D0). The pin functions depend on the operating mode.

Figure 8.19 shows the port B pin configuration.

Port B pins Mode 1, modes 2 and 3 (EXPE = 1) when ABW =0
«—» PB7/D7 D7 (I/0)
«—» PB6/D6 D6 (1/0)
~—» PB5/D5 D5 (1/0)
portp [+ PB4/D4 D4 (1/0)
~—» PB3/D3/CS4 D3 (I/0)
~~—» PB2/D2/CS3 D2 (I/0)
~— PB1/D1/HIRQ4 D1 (I/0O)
~— PBO/DO/HIRQ3 DO (1/0)

Mode 1, modes 2 and 3 (EXPE = 1) when ABW =1,
and mode 1, modes 2 and 3 (EXPE = 0)

PB7 (1/0)

PB6 (1/0)

PBS5 (1/0)

PB4 (1/0)

PB3 (I/0)/CS4 (Input)
PB2 (I/0)/CS3 (Input)
PB1 (I/0)/HIRQ4 (Output)
PBO (I/0)/HIRQ3 (Output)

Figure8.19 Port B Pin Functions
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8.122 Register Configuration
Table 8.25 summarizes the port B registers.

Table8.25 Port B Registers

Name Abbreviation R/W Initial Value Address™*
Port B data direction register PBDDR W H'00 H'FFBE™?
Port B output data register PBODR R/W H'00 H'FFBC
Port B input data register PBPIN R Undefined H'FFBD™®

Notes: 1. Lower 16 bits of the address.
2. PBDDR has the same address as P7PIN.
3. PBPIN has the same address as PS8DDR.

Port B Data Direction Register (PBDDR)

Bit 7 6 5 4 3 2 1 0
’PB?DDR \ PB6DDR ] PB5SDDR ] PB4DDR \ PB3DDR ] PB2DDR ] PB1DDR \ PBODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W W w w W

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR has the same address as P7PIN, and if read, the port 7 pin states will be
returned.

Setting a PBDDR bit to 1 makes the corresponding port B pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

PBDDR isinitialized to H'00 by areset and in hardware standby mode. It retainsits prior statein
software standby mode.

* Modes1,2and3(EXPE=1)
When the ABW bit in WSCR is cleared to 0, port B pins automatically become data 1/O pins
(D7 to D0), regardless of the input/output direction indicated by PBDDR. When the ABW hit
is1, aport B pin becomes an output port if the corresponding PBDDR bit is set to 1, and an
input port if the bit is cleared to 0.
Data /O pins go to the high-impedance state after areset, and in hardware standby mode or
software standby mode.
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«  Modes 2 and 3 (EXPE = 0)

A port B pin becomes an output port if the corresponding PBDDR bit is set to 1, and an input
port if the bit is cleared to 0.

Port B Output Data Register (PBODR)

Bit 7 6 5 4 3 2 1 0
’PB?ODR‘PB6ODR’PBSODR’PB4ODR‘PBSODR’PBZODR’PBlODR‘PBOODR‘
Initial value 0 0 0 0 0 0 0 0

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

PBODR is an 8-hit readable/writable register that stores output data for the port B pins (PB7 to
PB0). PBODR can aways be read or written to, regardless of the contents of PBDDR.

PBODR isinitialized to H'00 by areset and in hardware standby mode. It retains its prior state in
software standby mode.

Port B Input Data Register (PBPIN)

Bit 7 6 5 4 3 2 1 0

] PB7PIN \ PB6PIN ] PBSPIN ] PB4PIN \ PB3PIN ] PB2PIN ] PB1PIN \ PBOPIN \
Initial value —* —* —* —* —* —* —* —*
Read/Write R R R R R R R R

Note: * Determined by the state of pins PB7 to PBO.

Reading PBPIN aways returns the pin states.

PBPIN has the same address as PBDDR. If awriteis performed, datawill be written to PBDDR
and the port 8 settings will change.
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8.12.3 Pin Functions

Port B pins also function as HIF input pins (CS3, CS4, HIRQ3, HIRQ4) [H8S/2148 Group and
H8S/2147N only] and data bus I/O pins (D7 to D0O). The port B pin functions are shown in table
8.26.

Table8.26 Port B Pin Functions

Pin Selection Method and Pin Functions
PB7/D7 The pin function is switched as shown below according to the combination of
the operating mode, bit PB7DDR, and bit ABW in WSCR.
Operating Modes 1, 2, 3 Modes 2, 3
mode (EXPE =1) (EXPE =0)
ABW 0 1 —
PB7DDR — 0 1 0 1
Pin function D7 PB7 PB7 PB7 PB7
1/O pin input pin | output pin | inputpin | output pin
PB6/D6 The pin function is switched as shown below according to the combination of
the operating mode, bit PB6DDR, and bit ABW in WSCR.
Operating Modes 1, 2, 3 Modes 2, 3
mode (EXPE =1) (EXPE =0)
ABW 0 1 —
PB6DDR — 0 1 0 1
Pin function D6 PB6 PB6 PB6 PB6
1/0 pin input pin | output pin | inputpin | output pin
PB5/D5 The pin function is switched as shown below according to the combination of
the operating mode, bit PB5DDR, and bit ABW in WSCR.
Operating Modes 1, 2, 3 Modes 2, 3
mode (EXPE =1) (EXPE = 0)
ABW 0 1 —
PB5DDR — 0 1 0 1
Pin function D5 PB5 PB5 PB5 PB5
1/0 pin input pin | output pin | inputpin | output pin
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Pin Selection Method and Pin Functions
PB4/D4 The pin function is switched as shown below according to the combination of
the operating mode, bit PB4DDR, and bit ABW in WSCR.
Operating Modes 1, 2, 3 Modes 2, 3
mode (EXPE =1) (EXPE =0)
ABW 0 1 —
PB4DDR — 0 1 0 1
Pin function D4 PB4 PB4 PB4 PB4
1/O pin input pin | output pin | inputpin | output pin
PB3/D3/CS4 The pin function is switched as shown below according to the combination of
the operating mode, bits HI12E and CS4E in SYSCR2, bit ABW in WSCR, and
bit PB3DDR.
Operating Modes 1, 2, 3 Modes 2, 3
mode (EXPE =1) (EXPE =0)
HI12E — Either cleared to O 1
CS4E — 1
ABW 0 1 — —
PB3DDR — 0 1 0 1 —
Pin function D3 PB3 PB3 PB3 PB3 CS4
I/O pin | input pin [output pin| input pin |output pin| input pin
PB2/D2/CS3 The pin function is switched as shown below according to the combination of

the operating mode, bits HI12E and CS3E in SYSCR2, bit ABW in WSCR, and
bit PB2DDR.

Operating Modes 1, 2, 3 Modes 2, 3

mode (EXPE = 1) (EXPE = 0)

HI12E — Either cleared to O 1
CS3E — 1
ABW 0 1 — —
PB2DDR — 0 1 0 1 —
Pin function D2 PB2 PB2 PB2 PB2 CS3

1/0 pin | input pin |output pin| input pin |output pin| input pin
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Pin

Selection Method and Pin Functions

PB1/D1/HIRQ4

The pin function is switched as shown below according to the combination of

the operating mode, bits HI12E and CS4E in SYSCR2, bit ABW in WSCR, and

bit PB1DDR.

Operating Modes 1, 2, 3 Modes 2, 3

mode (EXPE =1) (EXPE =0)

HI12E — Either cleared to O 1

CS4E — 1

ABW 0 1 — —

PB1DDR — 0 1 0 1 —

Pin function D1 PB1 PB1 PB1 PB1 HIRQ4
I/O pin | input pin [output pin| input pin |output pin |output pin

PBO/DO/HIRQ3

The pin function is switched as shown below according to the combination of

the operating mode, bits HI12E and CS3E in SYSCR2, bit ABW in WSCR, and

bit PBODDR.

Operating Modes 1, 2, 3 Modes 2, 3

mode (EXPE =1) (EXPE =0)

HI12E — Either cleared to O 1

CS3E — 1

ABW 0 1 — —

PBODDR — 0 1 0 1 —

Pin function DO PBO PBO PBO PBO HIRQ3
I/O pin | input pin [output pin| input pin |output pin|output pin
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8.124 MOSInput Pull-Up Function

Port B has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 1, 2 and 3 (EXPE = 1) with the ABW bit in WSCR
set to 1, and in modes 2 and 3 (EXPE = 0), and can be specified as on or off on a bit-by-bit basis.

When aPBDDR hit is cleared to 0, setting the corresponding PBODR bit to 1 turns on the MOS
input pull-up for that pin. When apin is designated as an on-chip supporting module output pin,
the MOS input pull-up is always off.

The MOS input pull-up function isin the off state after areset and in hardware standby mode. The
prior state isretained in software standby mode.

Table 8.27 summarizes the MOS input pull-up states.

Table8.27 MOSInput Pull-Up States (Port B)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1, 2, 3 (EXPE = 1) with  Off Off Off Off
ABW in WSCR =0
1, 2, 3 (EXPE = 1) with On/Off On/Off
ABW in WSCR =1, and
2, 3 (EXPE = 0)
Legend:

Off: MOS input pull-up is always off.
On/Off: On when PBDDR = 0 and PBODR = 1; otherwise off.
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Section 9 8-Bit PWM Timers
Provided in the H85/2148 Group; not provided in the H85/2144 Group and H8S/2147N.

91 Overview

The H8/2148 Group has an on-chip pulse width modulation (PWM) timer module with sixteen
outputs. Sixteen output waveforms are generated from a common time base, enabling PWM
output with ahigh carrier frequency to be produced using pulse division. The PWM timer module
has sixteen 8-bit PWM data registers (PWDRS), and an output pulse with a duty cycle of 0 to
100% can be obtained as specified by PWDR and the port data register (P1DR or P2DR).

911 Features
The PWM timer module has the following features.

e Operable at amaximum carrier frequency of 1.25 MHz using pulse division (at 20-MHz
operation)

» Duty cyclesfrom 0 to 100% with 1/256 resolution (100% duty realized by port output)

» Direct or inverted PWM output, and PWM output enable/disable control
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9.1.2 Block Diagram

Figure 9.1 shows a block diagram of the PWM timer module.

PWDRO K_—— |Module
PWDRL — data bus
PWDR2 <—

P10/PWO < - 5
PWDR3 [ i

P11/PW1 -—
P12/PW2 ~—
P13/PW3 —
P14/PW4 ~—
P15/PW5 —j

Comparator 0

A

Comparator 1

A

Comparator 2

A

Comparator 3

A

Comparator4 <1 PWDR4 [
Comparator5 1 PWDR5 [

A

P16/PW6 ~«—— - Comparator 6 PWDR6 [— Internal
P17/PW7 ~-— - Comparator 7 PWDR7 [— data bus

P20/PW8 —

P21/PW9 ~—
P22/PW10 -—
P23/PW11 <— -
P24/PW12 —
P25/PW13 —
P26/PW14 <—

Comparator 8 PWDR8 [——
PWDR9 (K —
PWDR10 [(——

Comparator 11 <1 PWDR11 K

Bus interface

Comparator 9

Comparator 10

A

PWDR12 [—
PWDR13 [—
PWDR14 [—

Comparator 12

A

Comparator 13

A

Comparator 14

Port/PWM output control
A

T
'
'
'
'
'

P27/PW15 | - Comparator 15 PWDR15
PWDPRB | PWDPRA [ 1Nt — ek
PWOERB PWOERA selection PCSR

P2DDR P1DDR T

P2DR P1DR

@16
@8
. @4

Legend: @2
PWSL: PWM register select P
PWDR:  PWM data register Internal clock

PWDPRA: PWM data polarity register A
PWDPRB: PWM data polarity register B
PWOERA: PWM output enable register A
PWOERB: PWM output enable register B
PCSR: Peripheral clock select register
P1DDR: Port 1 data direction register
P2DDR:  Port 2 data direction register
P1DR: Port 1 data register

P2DR: Port 2 data register

Figure9.1 Block Diagram of PWM Timer Module
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9.1.3 Pin Configuration
Table 9.1 shows the PWM output pin.

Table9.1 Pin Configuration

Name Abbreviation 110

Function

PWM output pin 0 to 15 PWO to PW15 Output

PWM timer pulse output O to 15

9.14 Register Configuration
Table 9.2 lists the registers of the PWM timer module.

Table9.2 PWM Timer Module Registers

Name Abbreviation R/W Initial Value Address™*
PWM register select PWSL R/W H'20 H'FFD6
PWM data registers 0 to 15 PWDRO to R/W H'00 H'FFD7
PWDR15
PWM data polarity register A PWDPRA R/W H'00 H'FFD5
PWM data polarity register B PWDPRB R/W H'00 H'FFD4
PWM output enable register A PWOERA R/W H'00 H'FFD3
PWM output enable register B PWOERB R/W H'00 H'FFD2
Port 1 data direction register P1DDR W H'00 H'FFBO
Port 2 data direction register P2DDR W H'00 H'FFB1
Port 1 data register P1DR R/W H'00 H'FFB2
Port 2 data register P2DR R/W H'00 H'FFB3
Peripheral clock select register PCSR R/W H'00 H'FF82*?
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Note: 1. Lower 16 bits of the address.

2. Some registers in the 8-bit timer are assigned in the addresses as other registers. In
this case, register selection is performed by the FLSHE bit in the serial timer control

register (STCR).
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9.2 Register Descriptions

921 PWM Register Select (PWSL)

Bit 7 6 5 4 3 2 1 0

‘ PWCKE ‘ PWCKS ‘ — ‘ — ‘ RS3 ‘ RS2 ‘ RS1 ‘ RSO ‘
Initial value 0 0 1 0 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

PWSL isan 8-bit readable/writable register used to select the PWM timer input clock and the
PWM dataregister.

PWSL isinitialized to H'20 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 and 6—PWM Clock Enable, PWM Clock Select (PWCKE, PWCKS): These bits,
together with bits PWCK A and PWCKB in PCSR, select the internal clock input to TCNT in the
PWM timer.

PWSL PCSR
Bit 7 Bit 6 Bit 2 Bit 1
PWCKE PWCKS PWCKB PWCKA Description
0 — — — Clock input is disabled (Initial value)
1 0 — — @ (system clock) is selected
0 0 @2 is selected
1 @4 is selected
1 0 @8 is selected
1 @16 is selected

The PWM resolution, PWM conversion period, and carrier frequency depend on the selected
internal clock, and can be found from the following equations.

Resolution (minimum pulse width) = 1/internal clock frequency
PWM conversion period = resolution x 256
Carrier frequency = 16/PWM conversion period

Thus, with a20-MHz system clock (¢), the resolution, PWM conversion period, and carrier
frequency are as shown below.
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Table9.3 Resolution, PWM Conversion Period, and Carrier Freguency when ¢ =20 MHz

Internal Clock PWM Conversion

Frequency Resolution Period Carrier Frequency
[0} 50 ns 12.8 s 1250 kHz

@2 100 ns 25.6 us 625 kHz

@4 200 ns 51.2 us 312.5 kHz

@8 400 ns 102.4 ps 156.3 kHz

@16 800 ns 204.8 ps 78.1 kHz

Bit 5—Reserved: Thisbit isawaysread as 1 and cannot be modified.
Bit 4—Reserved: Thisbit is always read as 0 and cannot be modified.
Bits3to 0—Register Select (RS3 to RS0): These hits select the PWM data register.

Bit 3 Bit 2 Bit 1 Bit 0

RS3 RS2 RS1 RSO Register Selection

0 0 0 0 PWDRO selected
1 PWDR1 selected
1 0 PWDR?2 selected
1 PWDR3 selected
1 0 0 PWDR4 selected
1 PWDRS5 selected
1 0 PWDR6 selected
1 PWDRY7 selected
1 0 0 0 PWDRS selected
1 PWDR9 selected

1 0 PWDR10 selected

1 PWDR11 selected

1 0 0 PWDR12 selected

1 PWDR13 selected

1 0 PWDR14 selected

1 PWDR15 selected
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9.2.2 PWM Data Registers (PWDRO to PWDR15)

Bit ‘ 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each PWDR is an 8-hit readable/writable register that specifies the duty cycle of the basic pulse to
be output, and the number of additional pulses. The value set in PWDR correspondsto a0 or 1
ratio in the conversion period. The upper 4 bits specify the duty cycle of the basic pulse as 0/16 to
15/16 with aresolution of 1/16. The lower 4 bits specify how many extra pulses are to be added
within the conversion period comprising 16 basic pulses. Thus, a specification of 0/256 to 255/256
ispossible for 0/1 ratios within the conversion period. For 256/256 (100%) output, port output
should be used.

PWDR isinitialized to H'00 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

9.23 PWM Data Polarity Registers A and B (PWDPRA and PWDPRB)

PWDPRA
Bit 7 6 5 4 3 2 1 0

‘ 0s7 ‘ 0S6 ‘ 0S5 ‘ 0s4 ‘ 0S3 ‘ 0Ss2 ‘ 0Os1 ‘ 0Ss0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PWDPRB
Bit 7 6 5 4 3 2 1 0

‘ 0s15 ‘ 0s14 ‘ 0s13 ‘ 0s12 ‘ 0s11 ‘ 0s10 ‘ 0Ss9 ‘ 0S8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each PWDPR is an 8-hit readable/writable register that controls the polarity of the PWM output.
Bits OS0 to OS15 correspond to outputs PWO to PW15.
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PWDPR isinitialized to H'00 by areset and in hardware standby mode.

oS Description

0 PWM direct output (PWDR value corresponds to high width of output)  (Initial value)

PWM inverted output (PWDR value corresponds to low width of output)

9.24 PWM Output Enable Registers A and B (PWOERA and PWOERB)

PWOERA
Bit 7 6 5 4 3 2 1 0

‘ OE7 ‘ OE6 ‘ OE5 ‘ OE4 ‘ OE3 ‘ OE2 ‘ OE1 ‘ OEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PWOERB
Bit 7 6 5 4 3 2 1 0

‘ OE15 ‘ OE14 ‘ OE13 ‘ OE12 ‘ OE11 ‘ OE10 ‘ OE9 ‘ OES8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Each PWOER is an 8-hit readable/writable register that switches between PWM output and port
output. Bits OE15 to OEO correspond to outputs PW15 to PWO0. To set apin in the output state, a
setting in the port direction register is also necessary. Bits PL7DDR to PIODDR correspond to
outputs PW7 to PWO0, and bits P27DDR to P20DDR correspond to outputs PW15 to PW8.

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

DDR OE Description

0 0 Port input (Initial value)
1 Port input

1 0 Port output or PWM 256/256 output
1 PWM output (0 to 255/256 output)
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9.25 Peripheral Clock Select Register (PCSR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ PWCKB ‘ PWCKA‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — R/W R/W —

PCSR is an 8-bit readable/writable register that selects the PWM timer input clock.
PCSR isinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2 and 1—PWM Clock Select (PWCKB, PWCKA): Together with bits PWCKE and
PWCKS in PWSL, these bits select the internal clock input to TCNT in the PWM timer. For
details, see section 9.2.1, PWM Register Select (PWSL).

Bit 0—Reserved: Do not set this bit to 1.

9.2.6 Port 1 Data Direction Register (PLDDR)

Bit 7 6 5 4 3 2 1 0

‘ P17DDR ‘ P16DDR ‘ P15DDR ‘ P14DDR‘ P13DDR ‘ P12DDR ‘ P11DDR ‘ P10DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w w w W W W

P1DDR isan 8-hit write-only register that specifies the input/output direction and PWM output for
each pin of port 1 on abit-by-bit basis.

Port 1 pins are multiplexed with pins PWO to PW7. The bit corresponding to a pin to be used for
PWM output should be set to 1.

For details on PIDDR, see section 8.2, Port 1.
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9.2.7 Port 2 Data Direction Register (P2DDR)

Bit 7 6 5 4 3 2 1 0

‘ P27DDR ‘ P26DDR ‘ P25DDR‘ P24DDR‘ P23DDR ‘ P22DDR ‘ P21DDR ‘ P20DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W W w W W W

P2DDR is an 8-hit write-only register that specifies the input/output direction and PWM output for
each pin of port Jon abit-by-bit basis.

Port 2 pins are multiplexed with pins PW8 to PW15. The bit corresponding to a pin to be used for
PWM output should be set to 1.

For details on P2DDR, see section 8.3, Port 2.

9.2.8 Port 1 Data Register (P1DR)

Bit 7 6 5 4 3 2 1 0

‘ P17DR ‘ P16DR ‘ P15DR ‘ P14DR ‘ P13DR ‘ P12DR ‘ P11DR ‘ P10DR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P1DR is an 8-bit readable/writable register used to fix PWM output at 1 (when OS = 0) or O (when
0sS=1).

For details on P1DR, see section 8.2, Port 1.

9.29 Port 2 Data Register (P2DR)

Bit 7 6 5 4 3 2 1 0

‘ P27DR ‘ P26DR ‘ P25DR ‘ P24DR ‘ P23DR ‘ P22DR ‘ P21DR ‘ P20DR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

P2DR is an 8-bit readable/writable register used to fix PWM output at 1 (when OS = 0) or O (when
0s=1).

For details on P2DR, see section 8.3, Port 2.
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9.210 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP11 bit is set to 1, 8-bit PWM timer operation is halted and atransition is made to
module stop mode. For details, see section 25.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 3—Module Stop (M STP11): Specifies PWM module stop mode.

MSTPCRH

Bit 3

MSTP11 Description

0 PWM module stop mode is cleared

1 PWM module stop mode is set (Initial value)
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9.3 Operation

931 Correspondence between PWM Data Register Contents and Output Waveform

The upper 4 bits of PWDR specify the duty cycle of the basic pulse as 0/16 to 15/16 with a
resolution of 1/16, as shown in table 9.4.

Table9.4 Duty Cycleof Basic Pulse

Upper 4 Bits Basic Pulse Waveform (Internal)

0123456789 ABCDETFDO
0000

0001

0010

0011

0100
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The lower 4 bits of PWDR specify the position of pulses added to the 16 basic pulses, as shown in
table 9.5. An additional pulse consists of a high period (when OS = 0) with awidth equal to the

resolution, added before the rising edge of a basic pulse. When the upper 4 bits of PWDR are

0000, there is no rising edge of the basic pulse, but the timing for adding pulses is the same.

Table9.5 Position of Pulses Added to Basic Pulses
Basic Pulse No.

Lower 4 Bits | 0 1 2 3 4 5 6 7 8 9 |10 |11 |12 |13 |14 | 15
0000
0001 Yes
0010 Yes Yes
0011 Yes Yes Yes
0100 Yes Yes Yes Yes
0101 Yes Yes Yes Yes Yes
0110 Yes Yes Yes Yes Yes Yes
0111 Yes Yes Yes Yes Yes Yes Yes
1000 Yes Yes Yes Yes Yes Yes Yes Yes
1001 Yes Yes Yes Yes Yes Yes Yes|Yes|Yes
1010 Yes Yes Yes|Yes|Yes Yes Yes Yes|Yes|Yes
1011 Yes Yes Yes|Yes|Yes Yes|Yes|Yes Yes|Yes|Yes
1100 Yes|Yes|Yes Yes|Yes|Yes Yes|Yes|Yes Yes|Yes|Yes
1101 Yes|Yes|Yes Yes|Yes|Yes Yes|Yes|Yes|Yes|Yes|Yes|Yes
1110 Yes|Yes|Yes|Yes|Yes|Yes|Yes Yes|Yes|Yes|Yes|Yes|Yes|Yes
1111 Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes|Yes

No additional pulse

Additional pulse provided

»{ &« Resolution width

L Additional pulse

Figure9.2 Example of Additional Pulse Timing (when Upper 4 Bits of PWDR = 1000)
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Section 10 14-Bit PWM Timer (PWMX)

10.1  Overview
This LS| have an on-chip 14-bit pulse-width modulator (PWM) with two output channels.
Each channel can be connected to an external low-passfilter to operate as a 14-bit D/A converter.

Both channels share the same counter (DACNT) and control register (DACR).

10.1.1 Features
The features of the 14-bit PWM (D/A) are listed below.

» Thepulseissubdivided into multiple base cycles to reduce ripple.
» Two resolution settings and two base cycle settings are available

The resolution can be set equal to one or two system clock cycles. The base cycle can be set
equalto T x 64 or T x 256, where T is the resolution.

» Four operating rates

The two resolution settings and two base cycle settings combine to give a selection of four
operating rates.
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10.1.2

Figure 10.1 shows a block diagram of the PWM (D/A) module.

Block Diagram

Internal clock

Clock selection

——— ¢

@2
Y £

Clock

PWX0 ~—

PWX1 ]

Control logic

Basic cycle
compare-match A

Internal data bus

)

Fine-adjustment
pulse addition A

Basic cycle
compare-match B

Comparator
A

DADRA

Fine-adjustment
pulse addition B

Comparator |

B

DADRB

<>
<>

i

Lo

Basic cycle overflow

DACNT

Legend:
DACR:

DADRA:
DADRSB:
DACNT:

PWM D/A control register ( 6 bits)
PWM D/A data register A (15 bits)
PWM D/A data register B (15 bits)
PWM D/A counter (14 bits)

DACR

Module data bus

Figure10.1 PWM D/A Block Diagram
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10.1.3  Pin Configuration
Table 10.1 lists the pins used by the PWM (D/A) module.

Table10.1 PWM Timer Input and Output Pins

Name Abbr. I/O Function
PWM output pin 0 PWXO0 Output PWM output, channel A
PWM output pin 1 PWX1 Output PWM output, channel B

10.1.4 Register Configuration
Table 10.2 lists the registers of the PWM (D/A) module.

Table10.2 Register Configuration

Name Abbreviation R/W Initial value Address™
PWM D/A control register DACR R/W H'30 H'FFAQ*?
PWM D/A data register A high DADRAH R/W H'FF H'FFAQ*?
PWM D/A data register A low DADRAL R/W H'FF HFFA1*?
PWM D/A data register B high DADRBH R/W H'FF HFFA6*?
PWM D/A data register B low DADRBL R/W H'FF HFFA7*?
PWM D/A counter high DACNTH R/W H'00 H'FFA6™
PWM D/A counter low DACNTL R/W H'03 HFFA7*?
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.

2. Registers in the 14-bit PWM timer are assigned to the same addresses as the other
registers. In this case, register selection is performed by the IICE bit in the serial timer
control register (STCR), and also the same addresses are shared by DADRAH and
DACR, and by DADRB and DACNT. Switching is performed by the REGS bit in DACNT
or DADRB.
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10.2 Register Descriptions

1021 PWM (D/A) Counter (DACNT)

DACNTH DACNTL

Bit (CPU) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BiT(Counter) 7 6 5 4 3 2 1 0 8 9 10 11 12 13 — —

HEEEEEEEEEEERE
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW — RMW

DACNT isa 14-bit readable/writable up-counter that increments on an input clock pulse. The
input clock is selected by the clock select bit (CKS) in DACR. The CPU can read and write the
DACNT value, but since DACNT isa 16-bit register, data transfers between it and the CPU are
performed using atemporary register (TEMP). See section 10.3, Bus Master Interface, for details.

DACNT functions as the time base for both PWM (D/A) channels. When a channel operates with
14-bit precision, it uses all DACNT bits. When a channel operates with 12-bit precision, it uses the
lower 12 (counter) bits and ignores the upper two (counter) bits.

DACNT isinitialized to H'0003 by areset, in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode, and by the PWME bhit.

Bit 1 of DACNTL (CPU) isnot used, and is awaysread as 1.

DACNTL Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS it specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit 0

REGS Description

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)
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10.2.2 D/A Data Registers A and B (DADRA and DADRB)

DADRH DADRL

Bit (CPU) 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Bit (Data) 13 12 11 10 9 8 7 6 5 4 3 2 1 0o - -
DADRA DA13|DA12|DA11|DA10| DA9 | DA8 | DA7 | DAG | DA5 | DA4| DA3| DA2| DA1| DAO|CFS| —
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW —

DADRB DA13|DA12|DA11|DA10| DAY | DA8 | DA7 | DA6 | DA5 | DA4 | DA3| DA2| DAL | DAO | CFS [REGS
Initialvalue 1 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RMW RW RW RW RW RW

There are two 16-bit readable/writable D/A dataregisters: DADRA and DADRB. DADRA
corresponds to PWM (D/A) channel A, and DADRB to PWM (D/A) channel B. The CPU can read
and write the PWM (D/A) dataregister values, but since DADRA and DADRB are 16-bit
registers, data transfers between them and the CPU are performed using atemporary register
(TEMP). See section 10.3, Bus Master Interface, for details.

Theleast significant (CPU) bit of DADRA isnot used and is always read as 1.

DADRisinitialized to H'FFFF by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 15to 3—PWM D/A Data 13to 0 (DA13 to DAO): Thedigital value to be converted to an
analog valueis set in the upper 14 bits of the PWM (D/A) dataregister.

In each base cycle, the DACNT value is continually compared with these upper 14 bitsto
determine the duty cycle of the output waveform, and to decide whether to output a fine-
adjustment pulse equal in width to the resolution. To enable this operation, the data register must
be set within arange that depends on the carrier frequency select bit (CFS). If the DADR valueis
outside this range, the PWM output is held constant.

A channel can be operated with 12-bit precision by keeping the two lowest data bits (DAO and
DA1) cleared to 0 and writing the data to be converted in the upper 12 bits. The two lowest data
bits correspond to the two highest counter (DACNT) hits.
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Bit 1—Carrier Frequency Select (CFS)

Bit 1
CFS Description
0 Base cycle = resolution (T) x 64
DADR range = H'0401 to H'FFFD
1 Base cycle = resolution (T) x 256 (Initial value)

DADR range = H'0103 to H'FFFF

DADRA Bit 0—Reserved: Thisbit cannot be modified and is alwaysread as 1.

DADRB Bit 0—Register Select (REGS): DADRA and DACR, and DADRB and DACNT, are
located at the same addresses. The REGS it specifies which registers can be accessed. The REGS
bit can be accessed regardless of whether DADRB or DACNT is selected.

Bit 0

WDescription

0 DADRA and DADRB can be accessed

1 DACR and DACNT can be accessed (Initial value)

10.23 PWM D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0

| TEST | PWME | — | — | OEB | OEA | 0os | CKS |
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

DACR isan 8-hit readable/writable register that selects test mode, enables the PWM outputs, and
selects the output phase and operating speed.

DACRIisinitialized to H'30 by areset, and in the standby modes, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bit 7—Test Mode (TEST): Selectstest mode, which isused in testing the chip. Normally this bit
should be cleared to 0.
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Bit 7

TEST Description

0 PWM (D/A) in user state: normal operation (Initial value)
1 PWM (D/A) in test state: correct conversion results unobtainable

Bit 6—PWM Enable (PWME): Starts or stopsthe PWM (D/A) counter (DACNT).

Bit 6

PWME Description

0 DACNT operates as a 14-bit up-counter (Initial value)
1 DACNT halts at H'0003

Bits 5 and 4—Reserved: These bits cannot be modified and are awaysread as 1.

Bit 3—Output Enable B (OEB): Enables or disables output on PWM (D/A) channel B.

Bit 3

OEB Description

0 PWM (D/A) channel B output (at the PWXL1 pin) is disabled (Initial value)
1 PWM (D/A) channel B output (at the PWX1 pin) is enabled

Bit 2—Output Enable A (OEA): Enables or disables output on PWM (D/A) channel A.

Bit 2

OEA Description

0 PWM (D/A) channel A output (at the PWXO pin) is disabled (Initial value)
1 PWM (D/A) channel A output (at the PWXO0 pin) is enabled

Bit 1—Output Select (OS): Selects the phase of the PWM (D/A) output.

Bit 1
(ON) Description
0 Direct PWM output (Initial value)

Inverted PWM output
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Bit 0—Clock Select (CKS): Selectsthe PWM (D/A) resolution. If the system clock (¢) frequency
is 10 MHz, resolutions of 100 ns and 200 ns can be selected.

Bit 0

CKSs Description

0 Operates at resolution (T) = system clock cycle time (t,) (Initial value)
1 Operates at resolution (T) = system clock cycle time (t, ) x 2

10.24 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP11 bit is set to 1, 14-bit PWM timer operation is halted and atransition is made to
module stop mode. For details, see section 25.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 3—Module Stop (M STP11): Specifies PWM X module stop mode.

MSTPCRH

Bit 3

MSTP11  Description

0 PWMX module stop mode is cleared

1 PWMX module stop mode is set (Initial value)
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10.3 BusMaster Interface

DACNT, DADRA, and DADRB are 16-bit registers. The data bus linking the bus master and the
on-chip supporting modules, however, isonly 8 bits wide. When the bus master accesses these
registers, it therefore uses an 8-bit temporary register (TEMP).

These registers are written and read as follows (taking the example of the CPU interface).

*  Write

When the upper byte iswritten, the upper-byte write data is stored in TEMP. Next, when the
lower byte iswritten, the lower-byte write data and TEMP value are combined, and the
combined 16-bit value is written in the register.

e Read
When the upper byte isread, the upper-byte value is transferred to the CPU and the lower-byte

valueistransferred to TEMP. Next, when the lower byte isread, the lower-byte valuein
TEMPistransferred to the CPU.

These registers should always be accessed 16 hits at atime using an MOV instruction (by word
access or two consecutive byte accesses), and the upper byte should always be accessed before the
lower byte. Correct datawill not be transferred if only the upper byte or only the lower byte is
accessed. Also note that a bit-manipulation instruction cannot be used to access these registers.

Figure 10.2 shows the data flow for accessto DACNT. The other registers are accessed similarly.
Example 1: Writeto DACNT

MOV. W RO, @DACNT ; Write RO contentsto DACNT
Example 2: Read DADRA

MOV. W @DADRA, RO ;. Transfer contents of DADRA to RO
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Table 10.3 Read and Write Access Methodsfor 16-Bit Registers

Read Write
Register Name Word Byte Word Byte
DADRA and DADRB Yes Yes Yes X
DACNT Yes X Yes X

Legend:

Yes: Permitted type of access. Word access includes successive byte accesses to the upper byte
(first) and lower byte (second).

X; This type of access may give incorrect results.

Upper-Byte Write

-' Bus
CPU interface
(H'AA)
Upper byte

Module data bus

TEMP
(HAA)

U771

DACNTH | DACNTL
(G ¢ )

Lower-Byte Write

- -
CPU interface
(H'57)
Lower byte

Module data bus

DACNTH | DACNTL
(H'AA) (H'57)

Figure10.2 (a) Accessto DACNT (CPU WritesH'AA57 to DACNT)

Rev. 4.00 Sep 27, 2006 page 300 of 1130
REJ09B0327-0400

RENESAS




Section 10 14-Bit PWM Timer (PWMX)

Upper-Byte Read

Module data bus

DACNTH
(HAA)

DACNTL
(H'57)

CPU I i crnce
(H'AA)

Upper byte
Lower-Byte Read

cPY ‘ intSrL;Zce
(H'57)

Lower byte

Module data bus

TEMP
(H'57)

UTT U

DACNTH
¢ )

DACNTL
¢ )

Figure10.2 (b) Accessto DACNT (CPU ReadsH'AA57 from DACNT)
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104  Operation

A PWM waveform like the one shown in figure 10.3 is output from the PWM X pin. When OS =
0, the value in DADR corresponds to the total width (T,) of the low (0) pulses output in one
conversion cycle (256 pulses when CFS = 0, 64 pulses when CFS = 1). When OS = 1, the output
waveform isinverted and the DADR value corresponds to the total width (T,,) of the high (1)
output pulses. Figure 10.4 shows the types of waveform output available.

1 conversion cycle
(T x 214 (= 16384))

I
-t

Y

tf ‘
Basic cycle
(T x64 or T x 256)

LT L

1

Legend:
T: Resolution

m
TL :nz: E_Ln (When oS = O)

(When CFS =0, m = 256; when CFS = 1, m = 64)

Figure 10.3 PWM D/A Operation

Table 10.4 summarizes the relationships of the CKS, CFS, and OS hit settings to the resolution,
base cycle, and conversion cycle. The PWM output remains flat unless DADR contains at least a
certain minimum value. Table 10.4 indicates the range of DADR settings that give an output
waveform like the onein figure 10.3, and lists the conversion cycle length when low-order DADR
bits are kept cleared to 0, reducing the conversion precision to 12 bits or 10 bits.
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Table10.4 Settings and Operation (Exampleswhen ¢=10 MHZz)

Resolution Base |Conversion T (ifOS=0) Fixed DADR Bits Conversion
L - .. H *
CKS T CFs Cycle Cycle T ([foS=1) Precision | Bit Data Cycle
(us) (us) (us) Bits) [3]/2]1]0 (us)
0 0.1 0 6.4 1638.4 . Always low (or high) 14 1638.4
level output
(DADR = H'0001 to
H'03FD)
. (Data value) x T 12 0|0 409.6
(DADR = H'0401 to
HFFFD) 10 0/0|0]|0 102.4
1 25.6 1638.4 . Always low (or high) 14 1638.4
level output
(DADR = H'0003 to
H'00FF)
. (Data value) x T 12 0|0 409.6
(DADR = H'0103 to
H'FEFFF) 10 0/0|0|0 102.4
1 0.2 0 12.8 3276.8 . Always low (or high) 14 3276.8
level output
(DADR = H'0001 to
H'03FD)
. (Data value) x T 12 0|0 819.2
(DADR = H'0401 to
H'FFFD) 10 0/0|0|0 204.8
1 51.2 3276.8 . Always low (or high) 14 3276.8
level output
(DADR = H'0003 to
H'00FF)
. (Data value) x T 12 0|0 819.2
(DADR = H'0103 to
HFFFF) 10 0/0|0]|0 204.8
Note: * This column indicates the conversion cycle when specific DADR bits are fixed.
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1. OS=0(DADR correspondstoT,)

a. CFS=0[basecycle=resolution (T) x 64]

1 conversion cycle

tyy |7 {255 tro56

t1 =t =tz =" =tpss =tpse =T x 64
tgtto+ttigt -+ toss+togs =T,

Figure10.4 (1) Output Waveform

b. CFS=1[basecycle=resolution (T) x 256]

1 conversion cycle

tyy |7 tt63 Y64

1 o o R
ti6a

ti 63

t1 =t =tz =" =tz =tes =T x 256
tgttottigt - +ttezttiea=TL

Figure10.4 (2) Output Waveform
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2. OS=1(DADR correspondstoT,)

a. CFS=0[basecycle=resolution (T) x 64]

1 conversion cycle

tq |7 Y255 tro56

thy th2 th3 th255 thi256
t =t =ty = - = lpss = lpse = T X 64

1 + o + iz + - -+ tpss + those = Th

Figure 10.4 (3) Output Waveform

b. CFS=1[basecycle=resolution (T) x 256]

1 conversion cycle

tq |7 tt63 Y64

th1 tho ths thes tHe4
=t =tz =" - =tz = trga = T X 256

ty + o + g + - ez + thea = Ty

Figure 10.4 (4) Output Waveform
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Section 11 16-Bit Free-Running Timer

111  Overview

This LSl have a single-channel on-chip 16-bit free-running timer (FRT) module that uses a 16-bit
free-running counter as a time base. Applications of the FRT module include rectangular-wave
output (up to two independent waveforms), input pulse width measurement, and measurement of
external clock periods.

1111 Features
The features of the free-running timer module are listed below.

» Selection of four clock sources

0 The free-running counter can be driven by an internal clock source (¢/2, @¢/8, or ¢/32), or an
external clock input (enabling use as an external event counter).

e Two independent comparators
O Each comparator can generate an independent waveform.
e Four input capture channels
O The current count can be captured on therising or falling edge (selectable) of an input
signal.
O Thefour input capture registers can be used separately, or in a buffer mode.
» Counter can be cleared under program control
0 The free-running counters can be cleared on compare-match A.
» Seven independent interrupts
O Two compare-match interrupts, four input capture interrupts, and one overflow interrupt
can be requested independently.
e Specia functions provided by automatic addition function
O The contents of OCRAR and OCRAF can be added to the contents of OCRA
automatically, enabling a periodic waveform to be generated without software intervention.

0 The contents of ICRD can be added automatically to the contents of OCRDM x 2, enabling
input capture operationsin thisinterval to be restricted.
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the free-running timer.

External Internal
clock source clock sources OCRAR/F (HIL) K>
FTCI ﬁ r @32
Clock select Clock K
* Compare-
match A Comparator A
FTOA —— Overflow b ‘
FRC(HL) (K ©
FTOB ~=—{ Clear S
5] Internal
N E data bus
Comparator B %)
Compare- a
match B
1)
<3
ol
Control q <
logic n 2
put capture
ETIA — ICRA (HIL) jé
| =  ICRB(HL) =
FTIB —»
= ICRC(HL) [
FTIC Lw|  ICRD (HIL) )
FTID —
\—> ICIA
ICIB
L——=ICIC
——ICID Interrupt signals
———OCIA
— = 0CIB
——————FovI
Legend:
OCRA, B: Output compare register A, B (16 bits) TIER: Timer interrupt enable register (8 bits)
FRC: Free-running counter (16 bits) TCR: Timer control register (8 bits)
ICRA, B, C, D: Input capture register A, B, C, D (16 bits) TOCR: Timer output compare control
TCSR: Timer control/status register (8 bits) register (8 bits)

Figure11.1 Block Diagram of 16-Bit Free-Running Timer

Rev. 4.00 Sep 27, 2006 page 308 of 1130
REJ09B0327-0400

RENESAS




Section 11 16-Bit Free-Running Timer

11.1.3 Input and Output Pins
Table 11.1 lists the input and output pins of the free-running timer module.

Table11.1 Free-Running Timer Input and Output Pins

Name Abbreviation  1/0 Function

Counter clock input FTCI Input FRC counter clock input
Output compare A FTOA Output Output compare A output
Output compare B FTOB Output Output compare B output
Input capture A FTIA Input Input capture A input
Input capture B FTIB Input Input capture B input
Input capture C FTIC Input Input capture C input
Input capture D FTID Input Input capture D input
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11.1.4 Register Configuration

Table 11.2 lists the registers of the free-running timer module.

Table11.2 Register Configuration

Name Abbreviation R/W Initial Value Address™*
Timer interrupt enable register TIER R/W H'01 H'FF90
Timer control/status register TCSR RI(W)**  HO0O0 H'FF91
Free-running counter FRC R/W H'0000 H'FF92
Output compare register A OCRA R/W H'FFFF H'FF94*°
Output compare register B OCRB R/W H'FFFF H'FF94*?
Timer control register TCR R/W H'00 H'FF96
Timer output compare control TOCR R/W H'00 H'FF97
register
Input capture register A ICRA R H'0000 H'FFo8**
Input capture register B ICRB R H'0000 H'FFOA™*
Input capture register C ICRC R H'0000 H'FFoC™*
Input capture register D ICRD R H'0000 H'FFOE
Output compare register AR OCRAR R/W H'FFFF H'FF98**
Output compare register AF OCRAF R/W H'FFFF H'FF9A™*
Output compare register DM OCRDM R/W H'0000 H'FFOC™*
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Bits 7 to 1 are read-only; only O can be written to clear the flags.

Bit O is readable/writable.

3. OCRA and OCRB share the same address. Access is controlled by the OCRS

bit in TOCR.

4, ICRA, ICRB, and ICRC share the same addresses with OCRAR, OCRAF, and
OCRDM. Access is controlled by the ICRS bit in TOCR.
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11.2  Register Descriptions

11.21  Free-Running Counter (FRC)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Inttalvake 0 0o ©0 OO O O O O O O O O ©O0O o0 ©0 ©0
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

FRC is a 16-bit readabl e/writable up-counter that increments on an internal pulse generated from a
clock source. The clock source is selected by bits CKS1 and CKS0 in TCR.

FRC can also be cleared by compare-match A.
When FRC overflows from H'FFFF to H'0000, the overflow flag (OVF) in TCSRisset to 1.

FRC isinitialized to H'0000 by areset and in hardware standby mode.

11.2.2  Output Compare Registers A and B (OCRA, OCRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

OCRA and OCRB are 16-hit readable/writable registers, the contents of which are continually
compared with the value in the FRC. When a match is detected, the corresponding output compare
flags (OCFA or OCFB) issetin TCSR.

In addition, if the output enable bit (OEA or OEB) in TOCR is set to 1, when OCR and FRC
values match, the logic level selected by the output level bit (OLVLA or OLVLB) in TOCR is
output at the output compare pin (FTOA or FTOB). Following areset, the FTOA and FTOB
output levels are O until the first compare-match.

OCRisinitialized to H'FFFF by areset and in hardware standby mode.
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11.2.3 Input Capture Registers A to D (ICRA to ICRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0

Initial value 0 0 0

ReadWrite R R R R R R R R R R R R R R R R

There are four input capture registers, A to D, each of which is a 16-bit read-only register.

When the rising or falling edge of the signal at an input capture input pin (FTIA to FTID) is
detected, the current FRC value is copied to the corresponding input capture register (ICRA to
ICRD). At the same time, the corresponding input capture flag (ICFA to ICFD) in TCSR is set to
1. The input capture edge is selected by the input edge select bits (IEDGA to IEDGD) in TCR.

ICRC and ICRD can be used as ICRA and ICRB buffer registers, respectively, and made to
perform buffer operations, by means of buffer enable bits A and B (BUFEA, BUFEB) in TCR.

Figure 11.2 shows the connections when ICRC is specified asthe ICRA buffer register (BUFEA =
1). When ICRC is used as the ICRA buffer, both rising and falling edges can be specified as
transitions of the external input signal by setting IEDGA # IEDGC. When IEDGA = IEDGC,
either therising or falling edge is designated. See table 11.3.

Note: The FRC contents are transferred to the input capture register regardless of the value of
the input capture flag (ICF).

IEDGA BUFEA IEDGC

Edge detect and

FTIA >— capture signal .
generating circuit

ICRC ICRA FRC

Figure11.2 Input Capture Buffering (Example)
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Table 11.3 Buffered Input Capture Edge Selection (Example)

IEDGA IEDGC Description

0 0 Captured on falling edge of input capture A (FTIA) (Initial value)
1 Captured on both rising and falling edges of input capture A (FTIA)

1 0
1 Captured on rising edge of input capture A (FTIA)

To ensure input capture, the width of the input capture pulse should be at least 1.5 system clock
periods (1.5¢). When triggering is enabled on both edges, the input capture pulse width should be
at least 2.5 system clock periods (2.5¢).

ICRisinitialized to H'0000 by areset and in hardware standby mode.

11.2.4  Output Compare Registers AR and AF (OCRAR, OCRAF)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

OCRAR and OCRAF are 16-hit readabl e/writable registers.

When the OCRAMS bit in TOCR is set to 1, the operation of OCRA is changed to include the use
of OCRAR and OCRAF. The contents of OCRAR and OCRAF are automatically added
aternately to OCRA, and the result is written to OCRA. The write operation is performed on the
occurrence of compare-match A. In the first compare-match A after the OCRAMSbit is set to 1,
OCRAF is added.

The operation due to compare-match A varies according to whether the compare-match follows
addition of OCRAR or OCRAF. The value of the OLVLA bitin TOCR isignored, and 1 is output
on acompare-match A following addition of OCRAF, while 0 is output on a compare-match A
following addition of OCRAR.

When the OCRA automatically addition function is used, do not set internal clock @/2 asthe FRC
counter input clock together with an OCRAR (or OCRAF) value of H'0001 or less.

OCRAR and OCRAF are initialized to H'FFFF by areset and in hardware standby mode.
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11.25 Output Compare Register DM (OCRDM)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Intialvaue o o oo ©o0o o0 O O O O O O O O O o0 O
Read/Write R R R R R R R R RW RW RW RW RW RW RW RW

OCRDM is a 16-hit readabl e/writable register in which the upper 8 bits are fixed at H'00.

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000,
the operation of ICRD is changed to include the use of OCRDM. The point at which input capture
D occursis taken asthe start of amask interval. Next, twice the contents of OCRDM is added to
the contents of ICRD, and the result is compared with the FRC value. The point at which the
values match is taken as the end of the mask interval. New input capture D events are disabled
during the mask interval.

A mask interval is not generated when the ICRDMS hit is set to 1 and the contents of OCRDM are
H'0000.

OCRDM isinitialized to H'0000 by areset and in hardware standby mode.

11.26 Timer Interrupt Enable Register (TIER)

Bit 7 6 5 4 3 2 1 0

‘ ICIAE ‘ ICIBE ‘ ICICE ‘ ICIDE ‘ OCIAE ‘ OCIBE ‘ OVIE ‘ — ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W —

TIER is an 8-bit readable/writable register that enables and disables interrupts.
TIER isinitialized to H'01 by areset and in hardware standby mode.

Bit 7—Input Capture Interrupt A Enable (ICIAE): Selects whether to request input capture
interrupt A (ICIA) when input capture flag A (ICFA) in TCSR is set to 1.
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Bit 7

ICIAE Description

0 Input capture interrupt request A (ICIA) is disabled (Initial value)
1 Input capture interrupt request A (ICIA) is enabled

Bit 6—Input Capture Interrupt B Enable (ICIBE): Selects whether to request input capture
interrupt B (ICIB) when input capture flag B (ICFB) in TCSR isset to 1.

Bit 6

ICIBE Description

0 Input capture interrupt request B (ICIB) is disabled (Initial value)
1 Input capture interrupt request B (ICIB) is enabled

Bit 5—Input Capture Interrupt C Enable (ICICE): Selects whether to request input capture
interrupt C (ICIC) when input capture flag C (ICFC) in TCSRisset to 1.

Bit 5

ICICE Description

0 Input capture interrupt request C (ICIC) is disabled (Initial value)
1 Input capture interrupt request C (ICIC) is enabled

Bit 4—Input Capture Interrupt D Enable (ICIDE): Selects whether to request input capture
interrupt D (1CID) when input capture flag D (ICFD) in TCSR is set to 1.

Bit 4

ICIDE Description

0 Input capture interrupt request D (ICID) is disabled (Initial value)
1 Input capture interrupt request D (ICID) is enabled

Bit 3—Output Compare Interrupt A Enable (OCIAE): Selects whether to request output
compare interrupt A (OCIA) when output compare flag A (OCFA) in TCSRisset to 1.

Bit 3

OCIAE Description

0 Output compare interrupt request A (OCIA) is disabled (Initial value)
1 Output compare interrupt request A (OCIA) is enabled

Rev. 4.00 Sep 27,2006 page 315 of 1130
REJ09B0327-0400
RENESAS



Section 11 16-Bit Free-Running Timer

Bit 2—Output Compare Interrupt B Enable (OCIBE): Selects whether to request output
compare interrupt B (OCIB) when output compare flag B (OCFB) in TCSR is set to 1.

Bit 2
OCIBE Description

0 Output compare interrupt request B (OCIB) is disabled (Initial value)

1 Output compare interrupt request B (OCIB) is enabled

Bit 1—Timer Overflow Interrupt Enable (OVIE): Selects whether to request afree-running
timer overflow interrupt (FOV1) when the timer overflow flag (OVF) in TCSR is set to 1.

Bit 1

OVIE Description

0 Timer overflow interrupt request (FOVI) is disabled (Initial value)
1 Timer overflow interrupt request (FOVI) is enabled

Bit 0—Reserved: This bit cannot be modified and is always read as 1.

11.2.7 Timer Control/Status Register (TCSR)

Bit 7 6 5 4 3 2 1 0
‘ ICFA ‘ ICFB ‘ ICFC ‘ ICFD ‘ OCFA ‘ OCFB ‘ OVF ‘CCLRA‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* RIW)* RAW)* RIW)* RAW)* RIW)* RAW)*  RMW

Note: * Only O can be written in bits 7 to 1 to clear these flags.

TCSRisan 8-hit register used for counter clear selection and control of interrupt request signals.
TCSRisinitialized to H'00 by areset and in hardware standby mode.
Timing is described in section 11.3, Operation.

Bit 7—Input Capture Flag A (ICFA): This status flag indicates that the FRC value has been
transferred to ICRA by means of an input capture signal. When BUFEA = 1, ICFA indicates that
the old ICRA value has been moved into ICRC and the new FRC value has been transferred to
ICRA.

ICFA must be cleared by software. It is set by hardware, however, and cannot be set by software.
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Bit 7

ICFA Description

0 [Clearing condition] (Initial value)
Read ICFA when ICFA = 1, then write 0 in ICFA

1 [Setting condition]

When an input capture signal causes the FRC value to be transferred to
ICRA

Bit 6—Input Capture Flag B (ICFB): This status flag indicates that the FRC value has been
transferred to ICRB by means of an input capture signal. When BUFEB = 1, ICFB indicates that
the old ICRB value has been moved into ICRD and the new FRC value has been transferred to
ICRB.

ICFB must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 6

ICFB Description

0 [Clearing condition] (Initial value)
Read ICFB when ICFB = 1, then write 0 in ICFB

1 [Setting condition]

When an input capture signal causes the FRC value to be transferred to ICRB

Bit 5—Input Capture Flag C (ICFC): This status flag indicates that the FRC value has been
transferred to ICRC by means of an input capture signal. When BUFEA = 1, on occurrence of the
signal transition in FTIC (input capture signal) specified by the IEDGC bit, ICFC is set but datais
not transferred to ICRC. Therefore, in buffer operation, |CFC can be used as an external interrupt
signal (by setting the ICICE hit to 1).

|CFC must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 5

ICFC Description

0 [Clearing condition] (Initial value)
Read ICFC when ICFC = 1, then write 0 in ICFC

1 [Setting condition]

When an input capture signal is received

Rev. 4.00 Sep 27,2006 page 317 of 1130
REJ09B0327-0400
RENESAS



Section 11 16-Bit Free-Running Timer

Bit 4—Input Capture Flag D (ICFD): This status flag indicates that the FRC value has been
transferred to ICRD by means of an input capture signal. When BUFEB = 1, on occurrence of the
signal transition in FTID (input capture signal) specified by the IEDGD bit, ICFD is set but datais
not transferred to ICRD. Therefore, in buffer operation, ICFD can be used as an external interrupt
by setting the ICIDE bit to 1.

ICFD must be cleared by software. It is set by hardware, however, and cannot be set by software.

Bit 4

ICFD Description

0 [Clearing condition] (Initial value)
Read ICFD when ICFD = 1, then write 0 in ICFD

1 [Setting condition]

When an input capture signal is received

Bit 3—Output Compare Flag A (OCFA): This status flag indicates that the FRC value matches
the OCRA value. Thisflag must be cleared by software. It is set by hardware, however, and
cannot be set by software.

Bit 3

OCFA Description

0 [Clearing condition] (Initial value)
Read OCFA when OCFA = 1, then write 0 in OCFA

1 [Setting condition]

When FRC = OCRA

Bit 2—Output Compar e Flag B (OCFB): This status flag indicates that the FRC value matches
the OCRB value. This flag must be cleared by software. It is set by hardware, however, and cannot
be set by software.

Bit 2

OCFB Description

0 [Clearing condition] (Initial value)
Read OCFB when OCFB = 1, then write 0 in OCFB

1 [Setting condition]

When FRC = OCRB
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Bit 1—Timer Overflow Flag (OVF): This status flag indicates that the FRC has overflowed
(changed from H'FFFF to H'0000). This flag must be cleared by software. It is set by hardware,
however, and cannot be set by software.

Bit 1

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

When FRC changes from H'FFFF to H'0000

Bit 0—Counter Clear A (CCLRA): Thishit selects whether the FRC isto be cleared at compare-
match A (when the FRC and OCRA values match).

Bit 0

CCLRA Description

0 FRC clearing is disabled (Initial value)
1 FRC is cleared at compare-match A

11.28 Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0

‘ IEDGA ‘ IEDGB ‘ IEDGC ‘ IEDGD ‘ BUFEA ‘ BUFEB ‘ CKs1 ‘ CKSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCR isan 8-bit readable/writable register that selects the rising or falling edge of the input capture
signals, enables the input capture buffer mode, and selects the FRC clock source.

TCRisinitialized to H'00 by areset and in hardware standby mode

Bit 7—Input Edge Select A (IEDGA): Selectstherising or falling edge of the input capture A
signal (FTIA).
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Bit 7

IEDGA Description

0 Capture on the falling edge of FTIA (Initial value)
1 Capture on the rising edge of FTIA

Bit 6—Input Edge Select B (IEDGB): Selectstherising or falling edge of the input capture B
signal (FTIB).

Bit 6

IEDGB Description

0 Capture on the falling edge of FTIB (Initial value)
1 Capture on the rising edge of FTIB

Bit 5—Input Edge Select C (IEDGC): Selectstherising or falling edge of the input capture C
signal (FTIC).

Bit 5

IEDGC Description

0 Capture on the falling edge of FTIC (Initial value)
1 Capture on the rising edge of FTIC

Bit 4—Input Edge Select D (IEDGD): Selectstherising or falling edge of the input capture D
signal (FTID).

Bit 4

IEDGD Description

0 Capture on the falling edge of FTID (Initial value)
1 Capture on the rising edge of FTID

Bit 3—Buffer Enable A (BUFEA): Selects whether ICRC isto be used as a buffer register for
ICRA.

Bit 3

BUFEA Description

0 ICRC is not used as a buffer register for input capture A (Initial value)
1 ICRC is used as a buffer register for input capture A
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Bit 2—Buffer Enable B (BUFEB): Selects whether ICRD isto be used as a buffer register for
ICRB.

Bit 2

BUFEB Description

0 ICRD is not used as a buffer register for input capture B (Initial value)
1 ICRD is used as a buffer register for input capture B

Bits 1 and 0—Clock Select (CKS1, CKS0): Select external clock input or one of three internal
clock sources for the FRC. External clock pulses are counted on the rising edge of signalsinput to
the external clock input pin (FTCI).

Bit 1 Bit 0

CKs1 CKSso Description

0 0 @2 internal clock source (Initial value)
1 @8 internal clock source

1 0 @32 internal clock source
1 External clock source (rising edge)

11.29 Timer Output Compare Control Register (TOCR)

Bit 7 6 5 4 3 2 1 0
‘ICRDMS‘OCRAMS‘ ICRS ‘ OCRS ‘ OEA ‘ OEB ‘ OLVLA ‘ OLVLB ‘

Initial value 0 0 0 0 0 0 0 0

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

TOCR is an 8-hit readable/writable register that enables output from the output compare pins,
selects the output levels, switches access between output compare registers A and B, controls the
ICRD and OCRA operating mode, and switches access to input capture registers A, B, and C.

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

Bit 7—Input Capture D Mode Select (ICRDM S): Specifies whether ICRD is used in the normal
operating mode or in the operating mode using OCRDM.
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Bit 7

ICRDMS  Description

0 The normal operating mode is specified for ICRD (Initial value)
1 The operating mode using OCRDM is specified for ICRD

Bit 6—Output Compare A Mode Select (OCRAMYS): Specifies whether OCRA isused in the
normal operating mode or in the operating mode using OCRAR and OCRAF.

Bit 6

OCRAMS Description

0 The normal operating mode is specified for OCRA (Initial value)
1 The operating mode using OCRAR and OCRAF is specified for OCRA

Bit 5—Input Capture Register Select (ICRS): The same addresses are shared by ICRA and
OCRAR, by ICRB and OCRAF, and by ICRC and OCRDM . The ICRS hit determines which
registers are selected when the shared addresses are read or written to. The operation of ICRA,
ICRB, and ICRC is not affected.

Bit 5

ICRS Description

0 The ICRA, ICRB, and ICRC registers are selected (Initial value)
1 The OCRAR, OCRAF, and OCRDM registers are selected

Bit 4—Output Compare Register Select (OCRS): OCRA and OCRB share the same address.
When this address is accessed, the OCRS hit selects which register is accessed. This bit does not
affect the operation of OCRA or OCRB.

Bit 4

OCRS Description

0 The OCRA register is selected (Initial value)
1 The OCRB register is selected
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Bit 3—Output Enable A (OEA): Enables or disables output of the output compare A signal
(FTOA).

Bit 3

OEA Description

0 Output compare A output is disabled (Initial value)
1 Output compare A output is enabled

Bit 2—Output Enable B (OEB): Enables or disables output of the output compare B signal
(FTOB).

Bit 2

OEB Description

0 Output compare B output is disabled (Initial value)
1 Output compare B output is enabled

Bit 1—Output Level A (OLVLA): Selectsthelogic level to be output at the FTOA pinin
response to compare-match A (signal indicating a match between the FRC and OCRA values).
When the OCRAMS hit is 1, this bit isignored.

Bit 1

OLVLA Description

0 0 output at compare-match A (Initial value)
1 1 output at compare-match A

Bit 0—Output Level B (OLVLB): Selectsthelogic level to be output at the FTOB pinin
response to compare-match B (signal indicating a match between the FRC and OCRB values).

Bit 0

OLVLB Description

0 0 output at compare-match B (Initial value)
1 1 output at compare-match B
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11.2.10 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR, comprising two 8-hit readable/writable registers, performs module stop mode control.

When the MSTP13 bit is set to 1, FRT operation is stopped at the end of the bus cycle, and
module stop mode is entered. For details, see section 25.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 5—Module Stop (M STP13): Specifiesthe FRT module stop mode.

Bit 5

MSTPCRH Description

0 FRT module stop mode is cleared

1 FRT module stop mode is set (Initial value)
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11.3  Operation

11.31 FRC Increment Timing

FRC increments on a pul se generated once for each period of the selected (internal or external)
clock source.

Internal Clock

Any of three internal clocks (@/2, @/8, or ¢/32) created by division of the system clock (¢) can be
selected by making the appropriate setting in bits CKS1 and CKS0 in TCR. Figure 11.3 shows the
increment timing.

a7} o
mewa 7] —
FRC N-1 >GS N X N1

Figure11.3 Increment Timing with Internal Clock Source

External Clock

If external clock input is selected by bits CKS1 and CKS0 in TCR, FRC increments on the rising
edge of the external clock signal.

The pulse width of the external clock signal must be at least 1.5 system clock (@) periods. The
counter will not increment correctly if the pulse width is shorter than 1.5 system clock periods.

Figure 11.4 shows the increment timing.
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(I:El)g[celzri]r?[l)ut pin | i I_
.
FRC N % >< N+1 %

Figure11.4 Increment Timing with External Clock Source

11.3.2  Output Compare Output Timing

When a compare-match occurs, the logic level selected by the output level bit (OLVLA or
OLVLB) in TOCR is output at the output compare pin (FTOA or FTOB). Figure 11.5 shows the
timing of this operation for compare-match A.

FRC N X N+1 ) WoNn X N+ 1

OCRA N \ NN

Compare-match A
signal .

)7 )]

k l Clear®

OLVLA T
. N

)T )() \
Output compare A

output pin FTOA

Note: * Vertical arrows ( l ) indicate instructions executed by software.

Figure11.5 Timing of Output Compare A Output

Rev. 4.00 Sep 27,2006 page 326 of 1130
REJ09B0327-0400
RENESAS



Section 11 16-Bit Free-Running Timer

11.3.3 FRC Clear Timing

FRC can be cleared when compare-match A occurs. Figure 11.6 shows the timing of this
operation.

v 1 O A
Compare-match A
signal \

FRC N X H'0000

Figure11.6 Clearing of FRC by Compare-Match A

11.3.4  Input Capture Input Timing
Input Capture Input Timing

Aninternal input capture signal is generated from the rising or falling edge of the signal at the
input capture pin, as selected by the corresponding IEDGx (x = A to D) bitin TCR. Figure 11.7
shows the usual input capture timing when therising edge is selected (IEDGx = 1).

0 EpEpEniuEnEnEnENE

Input capture

input pin i |

Input capture

signal « \—
)

Figure11.7 Input Capture Signal Timing (Usual Case)

If the upper byte of ICRA/B/C/D is being read when the corresponding input capture signal
arrives, the internal input capture signal is delayed by one system clock (¢) period. Figure 11.8
shows the timing for this case.

Rev. 4.00 Sep 27,2006 page 327 of 1130
REJ09B0327-0400

RENESAS



Section 11 16-Bit Free-Running Timer

ICRA/B/C/D read cycle

Input capture
input pin ) |\\\

Input capture Poonooeod —L
signal :

Figure11.8 Input Capture Signal Timing (Input Capture Input when ICRA/B/C/D IsRead)

Buffered Input Capture lnput Timing
ICRC and ICRD can operate as buffersfor ICRA and ICRB.

Figure 11.9 shows how input capture operates when ICRA and ICRC are used in buffer mode and
IEDGA and IEDGC are set to different values (IEDGA = 0 and IEDGC = 1, or IEDG A =1 and
IEDGC = 0), so that input capture is performed on both the rising and falling edges of FTIA.

o L LWL L L L L L
FTIA _|\ . |\
gora ] .

)7
FRC n n+1 N N+1
X . X
)7
ICRA M n n N
)7
)7
ICRC m M M n

Figure11.9 Buffered Input Capture Timing (Usual Case)
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When ICRC or ICRD is used as a buffer register, itsinput capture flag is set by the selected
transition of itsinput capture signal. For example, if ICRC isused to buffer ICRA, when the edge
transition selected by the IEDGC hit occurs on the FTIC input capture line, ICFC will be set, and
if the ICIEC bit is set, an interrupt will be requested. The FRC value will not be transferred to
ICRC, however.

In buffered input capture, if the upper byte of either of the two registers to which datawill be
transferred (ICRA and ICRC, or ICRB and ICRD) is being read when the input signal arrives,
input capture is delayed by one system clock (¢q) period. Figure 11.10 shows the timing when
BUFEA = 1.

Read cycle:
CPU reads ICRA or ICRC

FTIA —|
Input capture P
signal :

Figure11.10 Buffered Input Capture Timing
(Input Capture Input when ICRA or ICRC IsRead)

11.35 Timing of Input Capture Flag (I1CF) Setting

Theinput capture flag ICFx (x = A, B, C, D) isset to 1 by theinternal input capture signal. The
FRC value is simultaneously transferred to the corresponding input capture register (ICRx). Figure
11.11 shows the timing of this operation.
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Input capture
signal

ICFA/B/C/D

ui=l D

FRC \ NN
1.
ICRA/B/C/D >< N

Figure11.11 Setting of Input Capture Flag (ICFA/B/C/D)

11.36  Setting of Output Compare FlagsA and B (OCFA, OCFB)

The output compare flags are set to 1 by an internal compare-match signal generated when the
FRC value matches the OCRA or OCRB value. This compare-match signal is generated at the last
state in which the two values match, just before FRC increments to a new value.

Accordingly, when the FRC and OCR values match, the compare-match signal is not generated
until the next period of the clock source. Figure 11.12 shows the timing of the setting of OCFA
and OCFB.

° e

FRC N >< N+1

OCRA or OCRB N

Compare-match
signal \\

OCFA or OCFB |

Figure11.12 Setting of Output Compare Flag (OCFA, OCFB)
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11.3.7  Setting of FRC Overflow Flag (OVF)

The FRC overflow flag (OVF) is set to 1 when FRC overflows (changes from H'FFFF to H'0000).
Figure 11.13 shows the timing of this operation.

0 e

FRC H'FFFF >< H'0000

Overflow signal

OVF |

Figure11.13 Setting of Overflow Flag (OVF)

11.3.8 Automatic Addition of OCRA and OCRAR/OCRAF

When the OCRAMS bit in TOCR is set to 1, the contents of OCRAR and OCRAF are
automatically added to OCRA alternately, and when an OCRA compare-match occurs awriteto
OCRA is performed. The OCRA write timing is shown in figure 11.14.

9 B U O O I O O R A

FRC N >< N+1
OCRA N >< N+A
OCRAR, F A

Compare-match
signal

Figure11.14 OCRA Automatic Addition Timing
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11.39 |ICRD and OCRDM Mask Signal Generation

When the ICRDMS bit in TOCR is set to 1 and the contents of OCRDM are other than H'0000, a
signal that masks the ICRD input capture function is generated.

The mask signal is set by the input capture signal. The mask signal setting timing is shown in
figure 11.15.

The mask signal is cleared by the sum of the ICRD contents and twice the OCRDM contents, and
an FRC compare-match. The mask signal clearing timing is shown in figure 11.16.

¢ B

Input capture
signal \

Input capture
mask signal

Figure11.15 Input Capture Mask Signal Setting Timing

¢ i L

FRC N >< N+1

ICRD +
OCRDM x 2 N

Compare-match
signal

\\‘

Input capture
mask signal

Figure11.16 Input Capture Mask Signal Clearing Timing
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114  Interrupts

The free-running timer can request seven interrupts (three types): input capture A to D (ICIA,
ICIB, ICIC, ICID), output compare A and B (OCIA and OCIB), and overflow (FOVI). Each
interrupt can be enabled or disabled by an enable bit in TIER. Independent signals are sent to the
interrupt controller for each interrupt. Table 11.4 lists information about these interrupts.

Table11.4 Free-Running Timer Interrupts

Interrupt Description DTC Activation Priority
ICIA Requested by ICFA Possible High
ICIB Requested by ICFB Possible +

ICIC Requested by ICFC Not possible

ICID Requested by ICFD Not possible

OCIA Requested by OCFA Possible

ocCiB Requested by OCFB Possible

FOvI Requested by OVF Not possible Low
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115 Sample Application

In the example below, the free-running timer is used to generate pulse outputs with a 50% duty
cycle and arbitrary phase relationship. The programming is as follows:

e TheCCLRA bitin TCSRisset to 1.

» Each time a compare-match interrupt occurs, software inverts the corresponding output level
bitin TOCR (OLVLA or OLVLB).

FTOB

Figure11.17 Pulse Output (Example)
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11.6  Usage Notes

Application programmers should note that the following types of contention can occur in the free-
running timer.

Contention between FRC Write and Clear

If aninternal counter clear signal is generated during the state after an FRC write cycle, the clear
signal takes priority and the write is not performed.

Figure 11.18 shows this type of contention.

FRC write cycle

Address >< FRC address ><

Internal write
signal

Counter clear
signal

FRC N >< H'0000

Figure11.18 FRC Write-Clear Contention
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Contention between FRC Write and I ncrement

If an FRC increment pulse is generated during the state after an FRC write cycle, the write takes
priority and FRC is not incremented.

Figure 11.19 shows this type of contention.

FRC write cycle

0 L
Address >< FRC address >< ><

Internal write signal

FRC input clock

FRC N ></r M
K

Write data

Figure11.19 FRC Write-Increment Contention

Contention between OCR Write and Compare-Match

If a compare-match occurs during the state after an OCRA or OCRB write cycle, the write takes
priority and the compare-match signal isinhibited.

Figure 11.20 shows this type of contention.
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If automatic addition of OCRAR/OCRAF to OCRA is selected, and a compare-match occursin
the cycle following the OCRA, OCRAR and OCRAF write cycle, the OCRA, OCRAR and
OCRAF write takes priority and the compare-match signal is inhibited. Consequently, the result of
the automatic addition is not written to OCRA.

Figure 11.21 shows this type of contention.

OCRA or OCRB write cycle

Address >< OCR address ><

Internal write signal

FRC N >< N+1
OCR N >< o M
K Write data

Compare-match ;
signal Y S
Inhibited

Figure11.20 Contention between OCR Write and Compare-Match
(When Automatic Addition Function I's Not Used)
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Address OCRAR(OCRAF) address><

Internal write signal

OCRAR (OCRAF) Old data New data

Compare-match ' :

signal i A :

Inhibited
FRC N >< N+1
OCRA N X «

The compare-match signal is inhibited and
automatic addition does not occur.

Figure11.21 Contention between OCRAR/OCRAF Write and Compare-Match
(When Automatic Addition Function I's Not Used)
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Switching of Internal Clock and FRC Operation

When the internal clock is changed, the changeover may cause FRC to increment. This depends on
the time at which the clock select bits (CKS1 and CKS0) are rewritten, as shown in table 11.5.

When an internal clock is used, the FRC clock is generated on detection of the falling edge of the
internal clock scaled from the system clock (¢). If the clock is changed when the old sourceis high
and the new sourceislow, asin case no. 3 in table 11.5, the changeover is regarded as afalling
edge that triggers the FRC increment clock pulse.

Switching between an internal and external clock can also cause FRC to increment.

Table11.5 Switching of Internal Clock and FRC Operation

Timing of Switchover
by Means of CKS1

No. and CKSO Bits FRC Operation
1 Switching from Clock before
low to low switchover m I—, I—
Clock after :
switchover w L
FRC clock _|
FRC N N+1 X

CKS bit rewrite

2 Switching from Clock before !
low to high switchover i

Clock after
switchover

FRC clock

FRC N X N+1 X1 N+2 X

CKS bit rewrite
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Timing of Switchover
by Means of CKS1

No. and CKSO Bits FRC Operation
3 Switching from Clock before
high to low switchover J I—, ‘ I—,—\—
Clock after ‘
switchover ‘
FRC clock _|
FRC X

4 Switching from Clock before
high to high switchover J I—, I—,I

Clock after
switchover

FRC clock

FRC N X N+1 X N+2

CKS bit rewrite

Note: * Generated on the assumption that the switchover is a falling edge; FRC is incremented.
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Section 12 8-Bit Timers

121  Overview

This LSl include an 8-bit timer module with two channels (TMRO and TMRL). Each channel has
an 8-bit counter (TCNT) and two time constant registers (TCORA and TCORB) that are
constantly compared with the TCNT value to detect compare-matches. The 8-bit timer module can
be used as a multifunction timer in avariety of applications, such as generation of arectangular-
wave output with an arbitrary duty cycle.

The H85/2148 Group also has two similar 8-bit timer channels (TMRX and TMRY), and the
H8S/2144 Group and H8S/2147N has one (TMRY'). These channels can be used in a connected
configuration using the timer connection function. TMRX and TMRY have greater input/output
and interrupt function related restrictions than TMRO and TMR1.

12.1.1 Features

» Selection of clock sources
0 TMRO, TMR1: The counter input clock can be selected from six internal clocks and an
external clock (enabling use as an external event counter).
O TMRX, TMRY: The counter input clock can be selected from three internal clocks and an
external clock (enabling use as an external event counter).
» Selection of three waysto clear the counters
O The counters can be cleared on compare-match A or B, or by an external reset signal.
» Timer output controlled by two compare-match signals
O Thetimer output signal in each channel is controlled by two independent compare-match
signals, enabling the timer to be used for various applications, such as the generation of
pulse output or PWM output with an arbitrary duty cycle.
(Note: TMRY does not have atimer output pin.)
e Cascading of the two channels (TMRO, TMR1)
O Operation as a 16-bit timer can be performed using channel 0 as the upper half and channel
1 asthe lower half (16-bit count mode).
0 Channel 1 can be used to count channel 0 compare-match occurrences (compare-match
count mode).
¢ Multipleinterrupt sources for each channel
0 TMRO, TMR1, TMRY: Two compare-match interrupts and one overflow interrupt can be
requested independently.
O TMRX: Oneinput capture sourceis available.
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12.1.2 Block Diagram

Figure 12.1 shows a block diagram of the 8-bit timer module (TMRO0 and TMR1).

TMRX and TMRY have asimilar configuration, but cannot be cascaded. TMRX also has an input

capture function. For details, see section 13, Timer Connection.

External clock
sources

Internal clock
sources

TMRO TMR1 TMRX  TMRY
TMCIO @8, @2 @8, @2 (0] @4
TMCI1 ——————— @64, @32 @64, @128 @2 @256
@1024, ¢/256 @1024, 2048 @4 @2048
Clock 1
Clock 0
Clock select
- | Tcorao TCORAL
Compare-match Al K) K)
Compare-match A0 | Comparator AQ Comparator Al |
TMOO ~—| Overflow 1 r (W (W s
TMRIO Overflow 0 | Tonto | tenm K
Clear 0
/ Clear 1 / ‘ ‘
Compare-match B1 |
) Compare-match BO |Comparator BO Ii' Comparator B1 |
TMO1 —= Control logic L
TMRI1 ——= (ﬁ (ﬁ
| Tcoreo || TcomBl K
> Tcsro [ TesR1 K
|
| Tcro || Tert K

L> CMIAO

— CMIBO

— > 0VI0

—CMIAl

———————————=CMiIBl

E——— A V/

Interrupt signals

Internal bus

Figure12.1 Block Diagram of 8-Bit Timer Module
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12.1.3 Pin Configuration
Table 12.1 summarizes the input and output pins of the 8-bit timer module.

Table12.1 8-Bit Timer Input and Output Pins

Channel Name Symbol* 1/0 Function

0 Timer output TMOO Output  Output controlled by compare-match
Timer clock input  TMCIO Input External clock input for the counter
Timer reset input  TMRIO Input External reset input for the counter

1 Timer output TMO1 Output  Output controlled by compare-match
Timer clock input ~ TMCI1 Input External clock input for the counter
Timer reset input  TMRI1 Input External reset input for the counter

X Timer output TMOX Output  Output controlled by compare-match
Timer clock/ HFBACKI/TMIX Input External clock/reset input for the
reset input (TMCIX/ITMRIX) counter

Y Timer clock/reset  VSYNCI/TMIY  Input External clock/reset input for the
input (TMCIY/TMRIY) counter

Note: * The abbreviations TMO, TMCI, and TMRI are used in the text, omitting the channel

number.

Channel X and Y I/O pins have the same internal configuration as channels 0 and 1,
and therefore the same abbreviations are used.
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12.1.4 Register Configuration
Table 12.2 summarizes the registers of the 8-bit timer module.

Table12.2 8-Bit Timer Registers

Channel Name Abbreviation™® R/W Initial value Address™*
0 Timer control register 0 TCRO R/W H'00 H'FFC8
Timer control/status register 0 TCSRO RI(W)™>  H'00 H'FFCA
Time constant register AO TCORAO R/W H'FF H'FFCC
Time constant register BO TCORBO R/W H'FF H'FFCE
Time counter 0 TCNTO R/W H'00 H'FFDO
1 Timer control register 1 TCR1 R/W H'00 H'FFC9
Timer control/status register 1 TCSR1 RI(W)™> H'10 H'FFCB
Time constant register A1 TCORA1 R/W H'FF H'FFCD
Time constant register B1 TCORB1 R/W H'FF H'FFCF
Timer counter 1 TCNT1 R/W H'00 H'FFD1
Common Serial/timer control register STCR R/W H'00 H'FFC3
Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87
Timer connection register S TCONRS R/W H'00 H'FFFE
X Timer control register X TCRX R/W H'00 H'FFFO
Timer control/status register X TCSRX RI(W)™>  H'00 H'FFF1
Time constant register AX TCORAX R/W H'FF H'FFF6
Time constant register BX TCORBX R/W H'FF H'FFF7
Timer counter X TCNTX R/W H'00 H'FFF4
Time constant register C TCORC R/W H'FF H'FFF5
Input capture register R TICRR R H'00 H'FFF2
Input capture register F TICRF R H'00 H'FFF3
Y Timer control register Y TCRY R/W H'00 H'FFFO
Timer control/status register Y TCSRY R/I(W)**  H'00 H'FFF1
Time constant register AY TCORAY R/W H'FF H'FFF2
Time constant register BY TCORBY R/W H'FF H'FFF3
Timer counter Y TCNTY R/W H'00 H'FFF4
Timer input select register TISR R/W H'FE H'FFF5

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written in bits 7 to 5, to clear these flags.

3. The abbreviations TCR, TCSR, TCORA, TCORB, and TCNT are used in the text,
omitting the channel designation (0, 1, X, or Y).
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Each pair of registers for channel 0 and channel 1 comprises a 16-bit register with the upper 8 bits
for channel 0 and the lower 8 bits for channel 1, so they can be accessed together by word access.
(Accessis not divided into two 8-bit accesses.)

In the H8S/2148 Group, certain of the channel X and channel Y registers are assigned to the same
address. The TMRX/Y bit in TCONRS determines which register is accessed.

12.2  Register Descriptions

1221 Timer Counter (TCNT)

TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvabe 0 O ©0 0 O O O O O O O O O O 0 O
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCNTX, TCNTY
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0

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

Each TCNT isan 8-bit readable/writable up-counter.

TCNTO and TCNT1 comprise asingle 16-hit register, so they can be accessed together by word
access.

TCNT increments on pulses generated from an internal or external clock source. This clock source
is selected by clock select bits CKS2 to CKS0 in TCR.

TCNT can be cleared by an external reset input signal or compare-match signal. Counter clear bits
CCLR1 and CCLRO in TCR select the method of clearing.

When TCNT overflows from H'FF to H'00, the overflow flag (OVF) in TCSR is set to 1.

The timer counters are initialized to H'00 by areset and in hardware standby mode.
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12.2.2 Time Constant Register A (TCORA)

TCORAO TCORA1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvgloe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORAX, TCORAY
Bit 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1
Read/Write R/IW R/W R/W R/W R/W R/W R/W R/W
TCORA isan 8-bit readable/writable register.

TCORAO and TCORA1 comprise asingle 16-bit register, so they can be accessed together by
word access.

TCORA iscontinually compared with the value in TCNT. When a match is detected, the
corresponding compare-match flag A (CMFA) in TCSR is set. Note, however, that comparison is
disabled during the T2 state of a TCORA write cycle.

The timer output can be freely controlled by these compare-match signals and the settings of
output select bits OS1 and OS0 in TCSR.

TCORA isinitialized to H'FF by areset and in hardware standby mode.
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12.2.3 Time Constant Register B (TCORB)

TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvgloe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORBX, TCORBY
Bit 7 6 5 4 3 2 1 0

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

TCORB is an 8-hit readable/writable register. TCORBO and TCORB1 comprise a single 16-bit
register, so they can be accessed together by word access.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding compare-match flag B (CMFB) in TCSR is set. Note, however, that comparison is
disabled during the T2 state of a TCORB write cycle.

The timer output can be freely controlled by these compare-match signals and the settings of
output select bits OS3 and OS2 in TCSR.

TCORB isinitialized to H'FF by areset and in hardware standby mode.
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12.2.4  Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0
| CMIEB | CMIEA| OVIE | CCLR1 | CCLRO | CKS2 | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0

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

TCRisan 8-hit readable/writable register that selects the clock source and the time at which
TCNT is cleared, and enables interrupts.

TCRisinitialized to H'00 by areset and in hardware standby mode.
For details of the timing, see section 12.3, Operation.

Bit 7—Compare-Match Interrupt Enable B (CMIEB): Selects whether the CMFB interrupt
request (CMIB) is enabled or disabled when the CMFB flag in TCSR isset to 1.

Note that a CMIB interrupt is not requested by TMRX, regardless of the CMIEB value.

Bit 7

CMIEB Description

0 CMFB interrupt request (CMIB) is disabled (Initial value)
1 CMFB interrupt request (CMIB) is enabled

Bit 6—Compare-Match Interrupt Enable A (CMIEA): Selects whether the CMFA interrupt
request (CMIA) is enabled or disabled when the CMFA flagin TCSRis set to 1.

Note that a CMIA interrupt is not requested by TMRX, regardless of the CMIEA value.

Bit 6

CMIEA Description

0 CMFA interrupt request (CMIA) is disabled (Initial value)
1 CMFA interrupt request (CMIA) is enabled
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Bit 5—Timer Overflow Interrupt Enable (OVIE): Selects whether the OVF interrupt request
(OV1) is enabled or disabled when the OVF flagin TCSR is set to 1.

Note that an OV interrupt is not requested by TMRX, regardless of the OVIE value.

Bit 5

OVIE Description

0 OVF interrupt request (OVI) is disabled (Initial value)
1 OVF interrupt request (OVI) is enabled

Bits4 and 3—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits select the method by which
the timer counter is cleared: by compare-match A or B, or by an external reset input.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Cleared on compare-match A

1 0 Cleared on compare-match B
1 Cleared on rising edge of external reset input
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Bits 2to 0—Clock Select 2to 0 (CKS2to CKS0): These bits select whether the clock input to
TCNT isaninternal or external clock.

Theinput clock can be selected from either six or three clocks, all divided from the system clock
(). The falling edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.

Some functions differ between channel 0 and channel 1, because of the cascading function.

TCR STCR
Bit2 Bitl Bit0 Bitl BitO
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description
0 0 0 0 — — Clock input disabled (Initial value)
0 0 1 — 0 @8 internal clock source, counted on the falling edge
0 0 1 — 1 @2 internal clock source, counted on the falling edge
0 1 0 — 0 @64 internal clock source, counted on the falling
edge
0 1 0 — 1 @32 internal clock source, counted on the falling
edge
0 1 1 — 0 @1024 internal clock source, counted on the falling
edge
0 1 1 — 1 @256 internal clock source, counted on the falling
edge
1 0 0 — — Counted on TCNT1 overflow signal®
1 0 0 0 — — Clock input disabled (Initial value)
0 0 1 0 — @8 internal clock source, counted on the falling edge
0 0 1 1 — @2 internal clock source, counted on the falling edge
0 1 0 0 — @64 internal clock source, counted on the falling
edge
0 1 0 1 — @128 internal clock source, counted on the falling
edge
0 1 1 0 — @1024 internal clock source, counted on the falling
edge
0 1 1 1 — @'2048 internal clock source, counted on the falling
edge
1 0 0 — — Counted on TCNTO compare-match A*
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TCR

STCR

Bit2 Bitl Bit0O Bitl BitO

Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description

0 0 —

Clock input disabled (Initial value)

Counted on @internal clock source

@2 internal clock source, counted on the falling edge

@4 internal clock source, counted on the falling edge

Clock input disabled

Clock input disabled (Initial value)

@4 internal clock source, counted on the falling edge

o|o|o|r|O|O|O| O
P Ol O|O|kFR|kFL|O
O/ P  O|O|FP| O|F

@256 internal clock source, counted on the falling
edge

[ERN
=
|

@'2048 internal clock source, counted on the falling
edge

Clock input disabled

Common

External clock source, counted at rising edge

External clock source, counted at falling edge

R|lR|[ Rk
k|l R|o|o
RrlOo|Rr|O

External clock source, counted at both rising and
falling edges

Note: * If the count input of channel 0 is the TCNT1 overflow signal and that of channel 1 is the
TCNTO compare-match signal, no incrementing clock will be generated. Do not use this

setting.
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1225 Timer Control/Status Register (TCSR)

TCSRO

Bit 7 6 5 4 3 2 1 0
CMFB CMFA OVF ADTE 0S3 0S2 OS1 0OSO0

Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/(W)* R/W)* R/W)* RW RW  RW RW  RW

TCSR1

Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF — 0S3 0Ss2 0s1 0S0

Initial value 0 0 0 1 0 0 0 0

Read/Write R/(W)*  R/(W)* R/(W)* — R/W R/W R/W R/W

TCSRX

Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ICF 0S3 0Ss2 0Os1 0Ss0

Initial value 0 0 0 0 0 0 0 0

ReadWrite ~ R/(W)* R/W)* R/W)* RI(W)* RMW  RW RW  RW

TCSRY

Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ICIE 0S3 OS2 0OSs1 0OS0

Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/(W)* R/W)* R/(W)* RW RW RW RW RW

Note: * Only O can be written in bits 7 to 5, and in bit 4 in TCSRX, to clear these flags.

TCSR is an 8-hit register that indicates compare-match and overflow statuses (and input capture
statusin TMRX only), and controls compare-match output.

TCSRO, TCSRX, and TCSRY areinitialized to H'00, and TCSR1 isinitialized to H'10, by areset
and in hardware standby mode.
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Bit 7—Compare-Match Flag B (CMFB): Status flag indicating whether the values of TCNT and

TCORB match.

Bit 7

CMFB Description

0 [Clearing conditions] (Initial value)

¢« Read CMFB when CMFB = 1, then write 0 in CMFB
¢ When the DTC is activated by a CMIB interrupt

[Setting condition]
When TCNT = TCORB

Bit 6—Compare-match Flag A (CMFA): Status flag indicating whether the values of TCNT and

TCORA match.

Bit 6

CMFA Description

0 [Clearing conditions] (Initial value)

* Read CMFA when CMFA = 1, then write 0 in CMFA
e When the DTC is activated by a CMIA interrupt

[Setting condition]
When TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): Statusflag indicating that TCNT has overflowed (changed

from H'FF to H'00).

Bit 5

OVF Description

0 [Clearing condition] (Initial value)

Read OVF when OVF = 1, then write 0 in OVF

[Setting condition]
When TCNT overflows from H'FF to H'00
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TCSRO
Bit 4—A/D Trigger Enable (ADTE): Enables or disables A/D converter start requests by
compare-match A.

Bit 4

ADTE Description

0 A/D converter start requests by compare-match A are disabled (Initial value)
1 A/D converter start requests by compare-match A are enabled

TCSR1

Bit 4—Reserved: This bit cannot be modified and is always read as 1.

TCSRX
Bit 4—Input Capture Flag (I CF): Status flag that indicates detection of arising edge followed
by afalling edge in the external reset signal after the ICST bit in TCONRI has been set to 1.

Bit 4

ICF Description

0 [Clearing condition] (Initial value)
Read ICF when ICF = 1, then write O in ICF

1 [Setting condition]
When a rising edge followed by a falling edge is detected in the external reset signal
after the ICST bit in TCONRI has been set to 1

TCSRY

Bit 4—Input Capture Interrupt Enable (ICIE): Selects enabling or disabling of the interrupt
request by ICF (ICIX) when the ICF bitin TCSRX isset to 1.

Bit 4

ICIE Description

0 Interrupt request by ICF (ICIX) is disabled (Initial value)
1 Interrupt request by ICF (ICIX) is enabled
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Bits 3to 0—Output Select 3to 0 (OS3to OS0): These bits specify how the timer output level is
to be changed by a compare-match of TCOR and TCNT.

0S3 and OS2 select the effect of compare-match B on the output level, OS1 and OSO0 select the
effect of compare-match A on the output level, and both of them can be controlled independently.

Note, however, that priorities are set such that: trigger output > 1 output > 0 output. If compare-
matches occur simultaneously, the output changes according to the compare-match with the higher
priority.

Timer output is disabled when bits OS3 to OS0 are all 0.

After areset, the timer output is O until the first compare-match occurs.

Bit 3 Bit 2

OS3 0S2 Description

0 0 No change when compare-match B occurs (Initial value)
1 0 is output when compare-match B occurs

1 0 1 is output when compare-match B occurs
1 Output is inverted when compare-match B occurs (toggle output)

Bit 1 Bit 0

OSs1 0So0 Description

0 0 No change when compare-match A occurs (Initial value)
1 0 is output when compare-match A occurs

1 0 1 is output when compare-match A occurs
1 Output is inverted when compare-match A occurs (toggle output)
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1226 Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0
| IICS | IHCX1 | 1ICX0 | IICE | FLSHE | — | ICKS1 | ICKSO |
Initial value 0 0 0 0 0 0 0 0

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

STCR isan 8-bit readable/writable register that controls register access, the |1C operating mode
(when the on-chip I1C option isincluded), and on-chip flash memory (in F-ZTAT versions), and
also selectsthe TCNT input clock.

For details on functions not related to the 8-bit timers, see section 3.2.4, Serial Timer Control
Register (STCR), and the descriptions of the relevant modules. If a module controlled by STCRis
not used, do not write 1 to the corresponding hit.

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

Bits 7 to 4—I°C Control (I1CS, 11CX1, 11CXO0, || CE): These bits control the bus buffer function
of port A and the operation of the I°C businterface when the 11C option is included on-chip. See
section 16.2.7, Serial/Timer Control Register (STCR), for details.

Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU access to the flash
memory control registers, the power-down mode control registers, and the supporting module
control registers. See section 3.2.4, Serial Timer Control Register (STCR), for details..

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

Bits 1 and O—Internal Clock Select 1 and 0 (ICK S1, ICK S0): These bits, together with bits
CKS2 to CKS0in TCR, select the clock to be input to TCNT. For details, see section 12.2.4,
Timer Control Register (TCR).
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12.2.7 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

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

Only bit 1 is described here. For details on functions not related to the 8-bit timers, see sections
3.2.2and 5.2.1, System Control Register (SY SCR), and the descriptions of the relevant modules.

Bit 1—Host I nterface Enable (HIE): Controls CPU access to 8-bit timer (channel X and Y) data
registers and control registers, and timer connection control registers.

Bit 1

HIE Description

0 CPU access to 8-bit timer (channel X and Y) data registers and control registers, and
timer connection control registers, is enabled (Initial value)

1 CPU access to 8-bit timer (channel X and Y) data registers and control registers, and

timer connection control registers, is disabled

12.28 Timer Connection Register S(TCONRS)

Bit 7 6 5 4 3 2 1 0
| TMRX/Y | ISGENE |HOMOD].IHOMODO|VOMOD1|VOMODO|CLMOD1|CLMODO|
Initial value 0 0 0 0 0 0 0 0

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

TCONRS is an 8-bit readable/writable register that controls access to the TMRX and TMRY
registers and timer connection operation.

TCONRSisinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—TMRX/TMRY Access Select (TMRX/Y): The TMRX and TMRY registers can only be
accessed when the HIE bit in SY SCR is cleared to 0. In the H85/2148 Group, some of the TMRX
registers and the TMRY registers are assigned to the same memory space addresses (H'FFFO to
H'FFF5), and the TMRX/Y bit determines which registers are accessed. In the H85/2144 Group
and H8S/2147N, there is no control of TMRY register access by this bit.

Bit 7 Accessible Registers

TMRX/Y HFFFO HFFF1 HFFF2 HFFF3 HFFF4 HFFFS HFFF6 HFFF7
0 TMRX TMRX TMRX TMRX TMRX TMRX TMRX TMRX
(Initial value) tcrx  TCSRX TICRR TICRF  TCNTX TCORC TCORAX TCORBX
1 TMRY TMRY TMRY TMRY TMRY TMRY

TCRY TCSRY TCORAY TCORBY TCNTY TISR

12.29 Input CaptureRegister (TICR) [TMRX Additional Function]

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — — — —

TICR isan 8-bit internal register to which the contents of TCNT are transferred on the falling edge
of external reset input. The CPU cannot read or write to TICR directly.

The TICR function is used in timer connection. For details, see section 13, Timer Connection.
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12.210 Time Constant Register C (TCORC) [TMRX Additional Function]

Bit 7 6 5 4 3 2 1 0

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

TCORC is an 8-bit readable/writable register. The sum of the contents of TCORC and TICR is
continually compared with the valuein TCNT. When a match is detected, a compare-match C
signal is generated. Note, however, that comparison is disabled during the T2 state of a TCORC
write cycle and a TICR input capture cycle.

TCORC isinitialized to H'FF by areset and in hardware standby mode.

The TCORC function is used in timer connection. For details, see section 13, Timer Connection.

12.211 Input CaptureRegistersR and F (TICRR, TICRF) [TMRX Additional Functiong]

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

TICRR and TICRF are 8-bit read-only registers. When the ICST bit in TCONRI isset to 1,
TICRR and TICRF capture the contents of TCNT successively on therise and fall of the external
reset input. When one capture operation ends, the ICST bit is cleared to 0.

TICRR and TICRF are each initialized to H'00 by areset and in hardware standby mode.

The TICRR and TICRF functions are used in timer connection. For details, see section 12.3.6,
Input Capture Operation, and section 13, Timer Connection.

Rev. 4.00 Sep 27,2006 page 359 of 1130
REJ09B0327-0400
RENESAS



Section 12 8-Bit Timers

12.2.12 Timer Input Select Register (TISR) [TMRY Additional Function]

Bit 7 6 5 4 3 2 1 0
-l -] -1 -]1-1=-]T-11m®]

Initial value 1 1 1 1 1 1 1 0

Read/Write — — — — — — — R/W

TISR isan 8-bit readable/writable register that selects the external clock/reset signal source for the
counter.

TISR isinitialized to H'FE by areset and in hardware standby mode.
Bits 7 to 1—Reserved: Do not write 0 to these bits.

Bit O—Input Select (1S): Selectstheinternal synchronization signal (IVG signal) or the timer
clock/reset input pin (VSYNCI/TMIY (TMCIY/TMRIY)) asthe external clock/reset signal source
for the counter.

Bit 0

IS Description

0 IVG signal is selected (H8S/2148 Group) (Initial value)
External clock/reset input is disabled (H8S/2144 Group and H8S/2147N)

1 VSYNCI/TMIY (TMCIY/TMRIY) is selected
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12.2.13 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
maode control.

When the MSTP12 bit or MSTP8 bit is set to 1, 8-bit timer operation is halted on channels0 and 1
or channels X and Y, respectively, and atransition is made to module stop mode. For details, see
section 25.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

M STPCRH Bit 4—Module Stop (M STP12): Specifies 8-bit timer (channel 0/1) module stop
mode.

MSTPCRH

Bit 4

MSTP12 Description

0 8-bit timer (channel 0/1) module stop mode is cleared

1 8-bit timer (channel 0/1) module stop mode is set (Initial value)

MSTPCRH Bit 0—M odule Stop (M STP8): Specifies 8-bit timer (channel X/Y) and timer
connection module stop mode.

MSTPCRH

Bit 0

MSTP8 Description

0 8-bit timer (channel X/Y) and timer connection module stop mode is cleared
1 8-bit timer (channel X/Y) and timer connection module stop mode

is set (Initial value)
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123  Operation

12.3.1 TCNT Incrementation Timing

TCNT isincremented by input clock pulses (either internal or external).

Internal Clock

Aninternal clock created by dividing the system clock (¢) can be selected by setting bits CKS2 to
CKS0in TCR. Figure 12.2 shows the count timing.

0 1 T e Y e e O

Internal clock _|

TCNT input
clock (

TCNT N-1 X N

X N+1

Figure12.2 Count Timing for Internal Clock Input

External Clock

Three incrementation methods can be selected by setting bits CKS2 to CKS0 in TCR: at therising
edge, the falling edge, and both rising and falling edges.

Note that the external clock pulse width must be at least 1.5 states for incrementation at asingle
edge, and at least 2.5 states for incrementation at both edges. The counter will not increment
correctly if the pulse width is less than these values.

Figure 12.3 shows the timing of incrementation at both edges of an external clock signal.
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—

External clock
input pin {

TCNT input

clock { —
i )

TCNT N-1 X . N X . N+1
)] )]

Figure12.3 Count Timingfor External Clock Input

12.3.2 Compare-Match Timing
Setting of Compare-Match Flags A and B (CMFA, CMFB)

The CMFA and CMFB flagsin TCSR are set to 1 by a compare-match signal generated when the
TCOR and TCNT values match. The compare-match signal is generated at the last state in which
the match istrue, just before the timer counter is updated.

Therefore, when TCOR and TCNT match, the compare-match signal is not generated until the
next incrementation clock input. Figure 12.4 shows this timing.

¢ B A

TCNT N X N+1

TCOR N
Compare-match ,—l
signal

\

CMF |

Figure12.4 Timing of CMF Setting
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Timer Output Timing

When compare-match A or B occurs, the timer output changes as specified by the output select
bits (OS3 to OS0) in TCSR. Depending on these hits, the output can remain the same, be set to 0,
be set to 1, or toggle.

Figure 12.5 shows the timing when the output is set to toggle at compare-match A.

v B B e e
Compare-match A

T_imer output |

pin

Figure12.5 Timing of Timer Output

Timing of Compare-Match Clear

TCNT is cleared when compare-match A or B occurs, depending on the setting of the CCLR1 and
CCLRO bitsin TCR. Figure 12.6 shows the timing of this operation.

¢ A T A O
Compare-match

signal \

TCNT N X H'00

Figure12.6 Timing of Compare-Match Clear

12.3.3 TCNT External Reset Timing

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bitsin TCR. The width of the clearing pulse must be at least 1.5 states. Figure
12.7 shows the timing of this operation.
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¢ Jo L

External reset |
input pin

Clear signal

TCNT N-1 X N X H00

Figure12.7 Timing of Clearing by External Reset I nput

12.3.4  Timing of Overflow Flag (OVF) Setting

OVF in TCSR is set to 1 when the timer count overflows (changes from H'FF to H'00). Figure
12.8 shows the timing of this operation.

¢ A O B

TCNT HFE X H00

Overflow signal

\

OVF

Figure 12.8 Timing of OVF Setting

12.35 Operation with Cascaded Connection

If bits CKS2 to CKS0 in either TCRO or TCR1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer can be used (16-bit timer
mode) or compare-matches of 8-bit channel 0 can be counted by the timer of channel 1 (compare-
match count mode). In this case, the timer operates as described below.
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16-Bit Count Mode

When bits CKS2 to CKS0 in TCRO are set to B'100, the timer functions as a single 16-bit timer
with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.

» Setting of compare-match flags
0 The CMFflagin TCSRO is set to 1 when a 16-bit compare-match occurs.
O TheCMF flagin TCSR1 isset to 1 when alower 8-bit compare-match occurs.
e Counter clear specification
O If the CCLR1 and CCLRO bitsin TCRO have been set for counter clear at compare-match,
the 16-bit counter (TCNTO and TCNT1 together) is cleared when a 16-bit compare-match

occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter clear
by the TMRIO pin has also been set.

0 The settings of the CCLR1 and CCLRO bitsin TCR1 are ignored. The lower 8 hits cannot
be cleared independently.
* Pin output
O Control of output from the TMOO pin by bits OS3 to OS0 in TCSRO isin accordance with
the 16-bit compare-match conditions.
0 Control of output from the TMO1 pin by bits OS3 to OS0 in TCSR1 isin accordance with

the lower 8-bit compare-match conditions.
Compare-Match Count Mode
When bits CKS2 to CKS0 in TCR1 are B'100, TCNT1 counts compare-match A’s for channel 0.

Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clearing are in accordance with the
settings for each channel.

Usage Note

If the 16-bit count mode and compare-match count mode are set simultaneously, the input clock
pulsesfor TCNTO and TCNT1 are not generated and thus the counters will stop operating.
Simultaneous setting of these two modes should therefore be avoided.
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12.3.6  Input Capture Operation

TMRX hasinput capture registers of TICR, TICRR, and TICRF. Narrow pulse width can be
measured with TICRR and TICRF, using one capture operation controlled by the ICST bit in the
TCONRI register of the timer connection. When TMRIX detects arising and falling edge
successively after the ICST bit has been set to 1, the values of TCNT at that time are transferred to
TICRR and TICRF and ICST hit is cleared to 0.

The TMRIX input signal can be selected by setting other bitsin the TCONRI register.

(1) Input captureinput timing

Figure 12.9 shows the timing of the input capture operation.

TMRIX J Sﬁ_\

S T
Input capture
signal 4,—| ()()
((
TCNTX n X n+1 N X N+
)]
—a ;
TICRR MoX n . n
)) \
)
TICRF m . m X N
)]

Figure12.9 Timing of Input Capture Operation

If the input capture signal enters while TICRR and TICRF are being read, it isinternally delayed
one system clock (@) period. Figure 12.10 shows the timing of this operation.
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TICRR, TICRF read cycle
T1 T2

TMRIX |

/

Input capture ~ L_____™

signal ( !
)

Figure12.10 Timing of Input Capture Signal
(When Input CaptureInput Signal Enterswhile TICRR and TICRF Are Being Read)

(2) Input capturesignal input selection
Input capture input signal (TMRIX) in TMRX is switched by setting bitsin the TCONRI register.
Figure 12.11 and Table 12.3 show the input capture signal selections.

See section 13.2.1, Timer Connection Register | (TCONRI), for details.

TMRX
TMIX pin version
Signal TMRIX
selector
TMRIL pin Polarity
Inversion
TMCI1 pin Polarity
Inversion
HFINV, SIMODL1, ICST
HIINV SIMODO

Figure12.11 Switching of Input Capture Signal
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Table 12.3 Input Capture Signal Selection

TCONRI
Bit 4 Bit 7 Bit 6 Bit 3 Bit 1
ICST SIMOD1  SIMODO  HFINV HIINV Description
0 — — — — Input capture function not used
1 0 0 0 — TMIX pin input signal
— Inverted signal of TMIX pin input
1 — 0 TMRI1 pin input signal
— 1 Inverted signal of TMRI1 pin input
1 1 — 0 TMCI1 pin input signal
— 1 Inverted signal of TMCI1 pin input

124  Interrupt Sources

The TMRO, TMR1, and TMRY 8-hit timers can generate three types of interrupt: compare-match
A and B (CMIA and CMIB), and overflow (OV1). TMRX can generate only an ICIX interrupt. An
interrupt is requested when the corresponding interrupt enable bit is setin TCR or TCSR.
Independent signals are sent to the interrupt controller for each interrupt. It is also possible to
activate the DTC by means of CMIA and CMIB interrupts from TMRO, TMR1 and TMRY .

An overview of 8-hit timer interrupt sourcesis given in tables 12.4 to 12.6.

Table12.4 TMROand TMR1 8-Bit Timer Interrupt Sources

Interrupt source Description DTC Activation Interrupt Priority
CMIA Requested by CMFA Possible High

CMIB Requested by CMFB Possible T

ovi Requested by OVF Not possible Low

Table12.5 TMRX 8-Bit Timer Interrupt Source

Interrupt source Description DTC Activation
ICIX Requested by ICF Not possible
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Table12.6 TMRY 8-Bit Timer Interrupt Sources

Interrupt source Description DTC Activation Interrupt Priority
CMIA Requested by CMFA Possible High

CMIB Requested by CMFB Possible T

ovi Requested by OVF Not possible Low

125 8-Bit Timer Application Example

In the example below, the 8-bit timer is used to generate a pulse output with a selected duty cycle,
as shown in figure 12.12. The control bits are set as follows:

* INnTCR,CCLRlisclearedto 0 and CCLROis set to 1 so that the timer counter is cleared by a
TCORA compare-match.

e INTCSR, bits OS3 to OS0 are set to B'0110, causing 1 output at a TCORA compare-match and
0 output at a TCORB compare-match.

With these settings, the 8-bit timer provides output of pulses at arate determined by TCORA with
apulse width determined by TCORB. No software intervention is required.

TMO

Figure12.12 Pulse Output (Example)
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126 Usage Notes

Application programmers should note that the following kinds of contention can occur in the 8-bit
timer module.

12.6.1 Contention between TCNT Write and Clear

If atimer counter clock pulseis generated during the T2 state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed. Figure 12.13 shows
this operation.

TCNT write cycle by CPU
T T,

R
0 B T e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure12.13 Contention between TCNT Write and Clear
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12.6.2 Contention between TCNT Write and Increment

If atimer counter clock pulse is generated during the T2 state of a TCNT write cycle, the write
takes priority and the counter is not incremented. Figure 12.14 shows this operation.

TCNT write cycle by CPU
Tl T2

R
0 B T e

Address >< TCNT address ><

Internal write signal | |

TCNT input clock | |

TCNT N >< P

Counter write data

Figure12.14 Contention between TCNT Write and I ncrement
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12.6.3 Contention between TCOR Write and Compare-Match

During the T2 state of a TCOR write cycle, the TCOR write has priority even if acompare-match
occurs and the compare-match signal is disabled. Figure 12.15 shows this operation.

With TMRX, an ICR input capture contends with a compare-match in the same way aswith a
write to TCORC. In this case, the input capture has priority and the compare-match signal is
inhibited.

TCOR write cycle by CPU
L T,

R
0 B I S N S

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< oM

Compare-match signal 5 AN

Inhibited

Figure12.15 Contention between TCOR Write and Compare-Match
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12.64  Contention between Compare-Matches A and B

If compare-matches A and B occur at the same time, the 8-bit timer operates in accordance with
the priorities for the output states set for compare-match A and compare-match B, as shown in
table 12.7.

Table12.7 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

12.6.,5 Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 12.8 shows the
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CK S0 bits) and the TCNT operation

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseis detected. If clock switching causes a change from high to low level, as shown inno. 3in
table 12.8, aTCNT clock pulseis generated on the assumption that the switchover isafalling
edge. Thisincrements TCNT.

Erroneous incrementation can also happen when switching between internal and external clocks.
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Table 12.8 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1

No. and CKSO Bits TCNT Clock Operation
TRl e L L
Clock after
switchover :
TCNT clock
TCNT N X N+1 X

2 Switching from low Clock before
to high*? switchover J | | | !

Clock after
switchover

TCNT clock

TCNT N X N+1 XT N+2 X

CKS bit rewrite
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Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

3 Switching from high Clock before _,—l |

to low™? switchover

Clock after
switchover

TCNT clock

TCNT N X N+t X N2 X

CKS bit rewrite

4 Switching from high Clock before
to high switchover | | |

Clock after
switchover

I—

TCNT clock

TCNT N X N+1 X N+2 X

CKS bit rewrite

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.
3. Includes switching from high to stop.

4. Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.
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Section 13 Timer Connection
Provided in the H85/2148 Group; not provided in the H85/2144 Group and H8S/2147N.

13.1 Overview

The H85/2148 Group allows interconnection between a combination of input signals, the
input/output of the single free-running timer (FRT) channel and the three 8-bit timer channels
(TMR1, TMRX, and TMRY). This capability can be used to implement complex functions such as
PWM decoding and clamp waveform output. All the timers are initially set for independent
operation.

1311 Features
The features of the timer connection facility are as follows.

« Fiveinput pins and four output pins, all of which can be designated for phase inversion.
Positive logic is assumed for all signals used within the timer connection facility.

» An edge-detection circuit is connected to the input pins, simplifying signal input detection.

* TMRX can be used for PWM input signal decoding and clamp waveform generation.

e Anexterna clock signal divided by TMRL1 can be used as the FRT capture input signal.

e Aninternal synchronization signal can be generated using the FRT and TMRY..

« A signal generated/modified using an input signal and timer connection can be selected and
output.

13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the timer connection facility.
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Figure13.1 Block Diagram of Timer Connection Facility
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13.1.3

Input and Output Pins

Table 13.1 lists the timer connection input and output pins.

Table13.1 Timer Connection Input and Output Pins

Input/
Name Abbreviation Output Function
Vertical synchronization VSYNCI Input Vertical synchronization signal
signal input pin input pin or FTIA input pin/TMIY
input pin
Horizontal synchronization HSYNCI Input Horizontal synchronization signal
signal input pin input pin or TMCI1 input pin
Composite synchronization CSYNCI Input Composite synchronization signal
signal input pin input pin or TMRI1 input pin
Spare vertical synchronization VFBACKI Input Spare vertical synchronization
signal input pin signal input pin or FTIB input pin
Spare horizontal HFBACKI Input Spare horizontal synchronization
synchronization signal input signal input pin or FTCI input
pin pin/TMIX input pin
Vertical synchronization VSYNCO Output Vertical synchronization signal
signal output pin output pin or FTOA output pin
Horizontal synchronization HSYNCO Output Horizontal synchronization signal
signal output pin output pin or TMOL1 output pin
Clamp waveform output pin CLAMPO Output Clamp waveform output pin or
FTIC input pin
Blanking waveform output pin  CBLANK Output Blanking waveform output pin
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13.1.4 Register Configuration

Table 13.2 lists the timer connection registers. Timer connection registers can only be accessed
when the HIE bitin SYSCR is 0.

Table 13.2 Register Configuration

Name Abbreviation R/W Initial Value Address™*
Timer connection register | TCONRI R/W H'00 H'FFFC
Timer connection register O TCONRO R/IW H'00 H'FFFD
Timer connection register S TCONRS R/IW H'00 H'FFFE
Edge sense register SEDGR R/(W)**  H00"? H'FFFF
Module stop control register MSTPRH R/W H'3F H'FF86
MSTPRL R/IW H'FF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Bits 7 to 2: Only 0 can be written to clear the flags.
3. Bits 1 and 0: Undefined (reflect the pin states).

13.2 Register Descriptions

13.21 Timer Connection Register | (TCONRI)

Bit 7 6 5 4 3 2 1 0
| simoD1 | simopo| scone| iesT | HEINY | VEINV | Hiy | viny |
Initial value 0 0 0 0 0 0 0 0

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

TCONRI is an 8-hit readable/writable register that controls connection between timers, the signal
source for synchronization signal input, phase inversion, etc.

TCONRL1 isinitialized to H'00 by areset and in hardware standby mode.
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Bits 7 and 6—Input Synchronization Mode Select 1 and 0 (SIMOD1, SIMODO): These hits
select the signal source of the IHI and V1 signals.

Bit 7 Bit 6 Description

SIMOD1  SIMODO Mode IHI Signal IVI Signal

0 0 No signal (Initial value) HFBACKI input  VFBACKI input
1 S-on-G mode CSYNCI input PDC input

1 0 Composite mode HSYNCI input PDC input
1 Separate mode HSYNCI input VSYNCI input

Bit 5—Synchronization Signal Connection Enable (SCONE): Selects the signal source of the
FRT FTI input and the TMR1 TMCIZ/TMRI1 input.

Bit 5 Description
SCONE Mode FTIA  FTIB FTIC FTID TMCI1 TMRI1
0 Normal connection (Initial value) FTIA  FTIB  FTIC FTID TMCI1 TMRI1
input  input  input input input  input
1 Synchronization signal VI TMO1 VFBACKI [HI IHI VI
connection mode signal signal input signal signal inverse

signal

Bit 4—Input Capture Start Bit (ICST): The TMRX external reset input (TMRIX) is connected
to the IHI signal. TMRX has input capture registers (TICR, TICRR, and TICRF). TICRR and
TICRF can measure the width of a short pulse by means of a single capture operation under the
control of the ICST bit. When arising edge followed by afalling edge is detected on TMRIX after
the ICST bhit is set to 1, the contents of TCNT at those points are captured into TICRR and TICRF,
respectively, and the ICST bit is cleared to 0.

Bit 4

ICST Description

0 The TICRR and TICRF input capture functions are stopped (Initial value)
[Clearing condition]
When a rising edge followed by a falling edge is detected on TMRIX

1 The TICRR and TICRF input capture functions are operating

(Waiting for detection of a rising edge followed by a falling edge on TMRIX)
[Setting condition]
When 1 is written in ICST after reading ICST = 0
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Bits 3 to 0—Input Synchronization Signal Inversion (HFINV, VFINV, HIINV, VIINV):
These bits select inversion of the input phase of the spare horizontal synchronization signal
(HFBACKI), the spare vertical synchronization signal (VFBACKI), the horizontal
synchronization signal and composite synchronization signal (HSYNCI, CSYNCI), and the
vertical synchronization signal (VSYNCI).

Bit 3
HFINV Description
0 The HFBACKI pin state is used directly as the HFBACKI input (Initial value)
1 The HFBACKI pin state is inverted before use as the HFBACKI input
Bit 2
VFINV Description
0 The VFBACKI pin state is used directly as the VFBACKI input (Initial value)
1 The VFBACKI pin state is inverted before use as the VFBACKI input
Bit 1
HIINV Description
0 The HSYNCI and CSYNCI pin states are used directly as the HSYNCI
and CSYNCI inputs (Initial value)
1 The HSYNCI and CSYNCI pin states are inverted before use as the HSYNCI and
CSYNCI inputs
Bit 0
VIINV Description
0 The VSYNCI pin state is used directly as the VSYNCI input (Initial value)
1 The VSYNCI pin state is inverted before use as the VSYNCI input

Rev. 4.00 Sep 27, 2006 page 382 of 1130
REJ09B0327-0400

RENESAS



Section 13 Timer Connection

13.22 Timer Connection Register O (TCONRO)

Bit 7 6 5 4 3 2 1 0
| HOE | VOE | CLOE | CBOE | HOINV | VOINV |CLOINV|CBOINV|
Initial value 0 0 0 0 0 0 0 0

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

TCONRO is an 8-hit readable/writable register that controls output signal output, phase inversion,
etc.

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

Bits 7 and 4—Output Enable (HOE, VOE, CLOE, CBOE): These bits control
enabling/disabling of horizontal synchronization signal (HSY NCO), vertical synchronization
signal (VSYNCO), clamp waveform (CLAMPO), and blanking waveform (CBLANK) output.
When output is disabled, the state of the relevant pin is determined by the port DR and DDR, FRT,
TMR, and PWM settings.

Output enabling/disabling control does not affect the port, FRT, or TMR input functions, but some
FRT and TMR input signal sources are determined by the SCONE bit in TCONRI.

Bit 7

HOE Description

0 The P44/TMO1/HIRQ1/HSYNCO pin functions as the P44/TMO1/ (Initial value)
HIRQL1 pin

1 The P44/TMO1/HIRQ1/HSYNCO pin functions as the HSYNCO pin

Bit 6

VOE Description

0 mPﬁllFTOA/W/CINlNSYNCO pin functions as the P61/FTOA/  (Initial value)
KIN1/CIN1 pin

1 The P61/FTOA/KINT/CINL/VSYNCO pin functions as the VSYNCO pin
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Bit 5

CLOE Description

0 The P64/FMW/CIN4/CLAMPO pin functions as the (Initial value)
P64/FTIC/KIN4/CIN4 pin

1 The P64/FTIC/KIN4/CIN4/CLAMPO pin functions as the CLAMPO pin

Bit 4

CBOE Description

0 The P27/A15/PW15/CBLANK pin functions as the P27/A15/PW15 pin  (Initial value)

1 In mode 1 (expanded mode with on-chip ROM disabled):

The P27/A15/PW15/CBLANK pin functions as the A15 pin

In modes 2 and 3 (modes with on-chip ROM enabled):
The P27/A15/PW15/CBLANK pin functions as the CBLANK pin

Bits 3 to 0—Output Synchronization Signal Inversion (HOINV, VOINV, CLOINV,
CBOINV): These bits select inversion of the output phase of the horizontal synchronization signal
(HSYNCO), the vertical synchronization signal (VSYNCO), the clamp waveform (CLAMPO),
and the blank waveform (CBLANK).

Bit 3

HOINV Description

0 The IHO signal is used directly as the HSYNCO output (Initial value)

1 The IHO signal is inverted before use as the HSYNCO output

Bit 2

VOINV Description

0 The IVO signal is used directly as the VSYNCO output (Initial value)

1 The IVO signal is inverted before use as the VSYNCO output

Bit 1

CLOINV Description

0 The CLO signal (CL1, CL2, CL3, or CL4 signal) is used directly as the  (Initial value)
CLAMPO output

1 The CLO signal (CL1, CL2, CL3, or CL4 signal) is inverted before use as

the CLAMPO output
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Bit 0

CBOINV  Description

0 The CBLANK signal is used directly as the CBLANK output (Initial value)
1 The CBLANK signal is inverted before use as the CBLANK output

13.23 Timer Connection Register S(TCONRS)

Bit 7 6 5 4 3 2 1 0
| TMRX/Y | ISGENE |HOMOD1HOMODGVOMOD1VOMODO|CLMOD|CLMODO)
Initial value 0 0 0 0 0 0 0 0

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

TCONRS is an 8-hit readable/writable register that selects 8-bit timer TMRX/TMRY access and
the synchronization signal output signal source and generation method.

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

Bit 7—TMRX/TMRY Access Select (TMRX/Y): The TMRX and TMRY registers can only be
accessed when the HIE bit in SY SCR iscleared to 0. In the H85/2148 Group, some of the TMRX
registers and the TMRY registers are assigned to the same memory space addresses (H'FFFO to
H'FFF5), and the TMRX/Y bit determines which registers are accessed. In the H85/2144 Group
and H8S/2147N, there is no control of TMRY register access by this hit.

Bit 7

TMRX/Y Description

0 The TMRX registers are accessed at addresses H'FFFO to H'FFF5 (Initial value)
1 The TMRY registers are accessed at addresses H'FFFO to H'FFF5

Bit 6—Internal Synchronization Signal Select (ISGENE): Selectsinternal synchronization
signals (IHG, IVG, and CL4 signals) asthe signal sources for the IHO, IVO, and CLO signals.
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Bits 5 and 4—Horizontal Synchronization Output Mode Select 1 and 0 (HOMOD1,
HOMODO): These bits select the signal source and generation method for the IHO signal.

Bit 6 Bit 5 Bit 4
ISGENE HOMOD1 HOMODO Description
0 0 0 The IHI signal (without 2fH modification) is selected
(Initial value)
1 The IHI signal (with 2fH modification) is selected
1 0 The CL1 signal is selected
1
1 0 0 The IHG signal is selected
1
1 0
1

Bits3 and 2—Vertical Synchronization Output Mode Select 1 and 0 (VOMOD1, VOMODO):
These bits select the signal source and generation method for the IVO signal.

Bit 6 Bit 3 Bit 2
ISGENE VOMOD1 VOMODO Description
0 0 0 The IVI signal (without fall modification or
IHI synchronization) is selected (Initial value)
1 The VI signal (without fall modification, with IHI
synchronization) is selected
1 0 The VI signal (with fall modification, without IHI
synchronization) is selected
1 The IVI signal (with fall modification and IHI
synchronization) is selected
1 0 0 The IVG signal is selected
1
1 0
1
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Bits 1 and 0—Clamp Waveform Mode Select 1 and 0 (CLMOD1, CLMODOQ): These hits
select the signal source for the CLO signal (clamp waveform).

Bit 6 Bit 1 Bit 0
ISGENE CLMOD1 CLMOD2 Description
0 0 0 The CL1 signal is selected (Initial value)
1 The CL2 signal is selected
1 0 The CL3 signal is selected
1
1 0 0 The CL4 signal is selected
1
1 0
1

13.2.4 Edge Sense Register (SEDGR)

Bit 7 6 5 4 3 2 1 0

| VEDG | HEDG | CEDG |HFEDG|VFEDG | PREQF| IHI | VI |
Initial value 0 0 0 0 0 0 —*2 —*2
Read/Write ~ R/(W)'' R/(W)! R/(W™ R(W)? R(MW™? R(MW™? R R

Notes: 1. Only O can be written, to clear the flags.
2. The initial value is undefined since it depends on the pin states.

SEDGR is an 8-bit readable/writable register used to detect arising edge on the timer connection
input pins and the occurrence of 2fH modification, and to determine the phase of the IV and [HI
signals.

The upper 6 bits of SEDGR are initialized to 0 by areset and in hardware standby mode. The
initial value of the lower 2 bitsis undefined, since it depends on the pin states.

Rev. 4.00 Sep 27,2006 page 387 of 1130
REJ09B0327-0400
RENESAS



Section 13 Timer Connection

Bit 7—VSYNCI Edge (VEDG): Detects arising edge on the VSY NCI pin.

When a rising edge is detected on the HFBACKI pin

Bit 7

VEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in VEDG after reading VEDG =1

1 [Setting condition]
When a rising edge is detected on the VSYNCI pin

Bit 6—HSYNCI Edge (HEDG): Detects arising edge on the HSYNCI pin.

Bit 6

HEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in HEDG after reading HEDG = 1

1 [Setting condition]
When a rising edge is detected on the HSYNCI pin

Bit 5—CSYNCI Edge (CEDG): Detects arising edge on the CSYNCI pin.

Bit 5

CEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in CEDG after reading CEDG = 1

1 [Setting condition]
When a rising edge is detected on the CSYNCI pin

Bit 4—HFBACKI Edge (HFEDG): Detects arising edge on the HFBACKI pin.

Bit 4

mDescription

0 [Clearing condition] (Initial value)
When 0 is written in HFEDG after reading HFEDG = 1

1 [Setting condition]
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Bit 3—VFBACKI Edge (VFEDG): Detects arising edge on the VFBACKI pin.

Bit 3

VFEDG Description

0 [Clearing condition] (Initial value)
When 0 is written in VFEDG after reading VFEDG =1

1 [Setting condition]

When a rising edge is detected on the VFBACKI pin

Bit 2—Pre-Equalization Flag (PREQF): Detects the occurrence of an IHI signal 2fH
modification condition. The generation of afalling/rising edgein the IHI signal during a mask
interval is expressed as the occurrence of a 2fH modification condition. For details, see section
13.3.4, IHI Signal 2fH Modification.

Bit 2

PREQF Description

0 [Clearing condition] (Initial value)
When 0 is written in PREQF after reading PREQF = 1

1 [Setting condition]

When an IHI signal 2fH modification condition is detected

Bit 1—IHI Signal Level (IHI): Indicates the current level of the IHI signal. Signal source and
phase inversion selection for the IHI signal depends on the contents of TCONRI. Read this bit to
determine whether the input signal is positive or negative, then maintain the IHI signal at positive
phase by modifying TCONRI.

Bit 1

IHI Description

0 The IHI signal is low
1 The IHI signal is high
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Bit 0—IVI Signal Level (I1VI): Indicates the current level of the VI signal. Signal source and
phase inversion selection for the VI signal depends on the contents of TCONRI. Read this bit to
determine whether the input signal is positive or negative, then maintain the VI signal at positive
phase by modifying TCONRI.

Bit 0

VI Description

0 The IVI signal is low
1 The VI signal is high

13.25 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR, comprising two 8-bit readable/writable registers, performs module stop mode control.
When the MSTP13, MSTP12, and MSTP8 bits are set to 1, the 16-bit free-running timer, 8-bit
timer channels 0 and 1, and 8-bit timer channels X and Y and timer connection, respectively, halt
and enter module stop mode. See section 25.5., Module Stop Mode, for details.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 5—Module Stop (M STP13): Specifies FRT module stop mode.

MSTPCRH

Bit 5

MSTP13  Description

0 FRT module stop mode is cleared

1 FRT module stop mode is set (Initial value)
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MSTPCRH Bit 4—Module Stop (M STP12): Specifies 8-bit timer channel 0 and 1 module stop
mode.

MSTPCRH

Bit 4

MSTP12  Description

0 8-bit timer channel 0 and 1 module stop mode is cleared

1 8-bit timer channel 0 and 1 module stop mode is set (Initial value)

MSTPCRH Bit 0—Module Stop (M STP8): Specifies 8-bit timer channel X and Y and timer
connection module stop mode.

MSTPCRH

Bit 0

MSTP8 Description

0 8-bit timer channel X and Y and timer connection module stop mode is cleared

1 8-bit timer channel X and Y and timer connection module stop mode is (Initial value)

set

13.3  Operation

1331 PWM Decoding (PDC Signal Generation)

The timer connection facility and TMRX can be used to decode a PWM signal in which 0 and 1
are represented by the pulse width. To do this, asignal in which arising edge is generated at
regular intervals must be selected as the IHI signal.

The timer counter (TCNT) in TMRX is set to count the internal clock pulses and to be cleared on
the rising edge of the external reset signal (IHI signal). The value to be used as the threshold for
deciding the pulse width iswritten in TCORB. The PWM decoder contains adelay latch which
usesthe IHI signal as data and compare-match signal B (CMB) as a clock, and the state of the IHI
signal (the result of the pulse width decision) at the compare-match signal B timing after TCNT is
reset by the rise of the IHI signal is output as the PDC signal. The pulse width setting using
TICRR and TICRF of TMRX can be used to determine the pul se width decision threshold.
Examples of TCR and TCORB settings are shown in tables 13.3 and 13.4, and the timing chart is
shown in figure 13.2.
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Table 13.3 Examplesof TCR Settings

Bit(s) Abbreviation Contents Description

7 CMIEB 0 Interrupts due to compare-match and overflow are

5 CMIEA 0 disabled

5 OVIE 0

4 and 3 CCLR1, CCLRO 11 TCNT is cleared by the rising edge of the external
reset signal (IHI signal)

2t00 CKS2 to CKSO 001 Incremented on internal clock: @

Table13.4 Examplesof TCORB (Pulse Width Threshold) Settings

@10 MHz @ 12 MHz @ 16 MHz @ 20 MHz
H'07 0.8 ps 0.67 ps 0.5 ps 0.4 ps
H'OF 1.6 ys 1.33 us 1pus 0.8 us
H'1F 3.2 s 2.67 ps 2 s 1.6 ps
H'3F 6.4 us 5.33 us 4 us 3.2 us
H'7F 12.8 ps 10.67 ps 8 us 6.4 ps

IHI signal is tested

IHI signal at compare-match | |_,_\_,)_
| -
PDC signal

R

TCORB | 1 l ‘ l
(threshold) | | \' |

Counter reset Counter clear At the 2nd compare-match,

caused by caused by IHI signal is not tested

IHI signal TCNT overflow

Figure13.2 Timing Chart for PWM Decoding
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13.3.2 Clamp Waveform Generation (CL1/CL2/CL 3 Signal Generation)

The timer connection facility and TMRX can be used to generate signals with different duty cycles
and rising/falling edges (clamp waveforms) in synchronization with the input signal (IHI signal).
Three clamp waveforms can be generated: the CL1, CL2, and CL3 signals. In addition, the CL4
signal can be generated using TMRY .

The CL1 signal rises simultaneously with the rise of the IHI signal, and when the CL1 signal is
high, the CL2 signal rises simultaneously with the fall of the IHI signal. The fall of both the CL1
and the CL 2 signal can be specified by TCORA.

The rise of the CL3 signal can be specified as simultaneous with the sampling of the fall of the IHI
signal using the system clock, and the fall of the CL3 signal can be specified by TCORC. The CL3
signal can also fall when the IHI signal rises.

TCNT in TMRX is set to count internal clock pulses and to be cleared on the rising edge of the
external reset signal (IHI signal).

The value to be used as the CL 1 signal pulse width iswritten in TCORA. Write avalue of H'02 or
more in TCORA when internal clock @is selected asthe TMRX counter clock, and avalue or
H'01 or more when @2 is selected. When internal clock @is selected, the CL1 signal pulse width
is(TCORA set value +3 £0.5). When the CL2 signal is used, the setting must be made so that this
pulse width is greater than the IHI signal pulse width.

The value to be used as the CL3 signal pulse width iswritten in TCORC. The TICR register in

TMRX capturesthe value of TCNT at the inverse of the external reset signal edge (in this case, the
falling edge of the IHI signal). The timing of the fall of the CL3 signal is determined by the sum of
the contents of TICR and TCORC. Caution isrequired if the rising edge of the IHI signal precedes
the fall timing set by the contents of TCORC, since the IHI signal will cause the CL3 signal to fall.

Examples of TMRX TCR settings are the same as those in table 13.3. The clamp waveform timing
charts are shown in figures 13.3 and 13.4.

Since the rise of the CL1 and CL2 signalsis synchronized with the edge of the IHI signal, and
their fall is synchronized with the system clock, the pulse width variation is equivalent to the
resolution of the system clock.

Both the rise and the fall of the CL3 signal are synchronized with the system clock and the pulse
width isfixed, but there is a variation in the phase relationship with the IHI signal equivalent to
the resolution of the system clock.
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IHI signal ] ,_| | I—l I—,_
CL1 signal | ‘ | ‘ m
CL2 signal |_| |_| |_|

N I R
TCORA ’ ‘ ; ‘ ;

Figure13.3 Timing Chart for Clamp Waveform Generation (CL1 and CL 2 Signals)

IHI signal —|_| ‘ | J | B

CL3 signal |_| |_| I

TCNT Lo | b |

TICR+TCORC s :
TICR f~ft;7%<f fffffffff } ffffffffffffffff +~77~f~4

Figure13.4 Timing Chart for Clamp Waveform Generation (CL3 Signal)

13.3.3 Measurement of 8-Bit Timer Divided Waveform Period

The timer connection facility, TMR1, and the free-running timer (FRT) can be used to measure the
period of an IHI signal divided waveform. Since TMRL can be cleared by arising edge of inverted
VI signal, therise and fall of the IHI signal divided waveform can be virtually synchronized with
the IVI signal. This enables period measurement to be carried out efficiently.

To measure the period of an IHI signal divided waveform, TCNT in TMRL1 is set to count the
external clock (IHI signal) pulses and to be cleared on therising edge of the external reset signal
(inverted 1VI signal). The value to be used as the division factor is written in TCORA, and the
TMO output method is specified by the OS bitsin TCSR. Examples of TCR and TCSR settings
are shown in table 13.5, and the timing chart for measurement of the 11 signal and IHI signal
divided waveform periodsis shown in figure 13.5. The period of the IHI signal divided waveform
isgiven by (ICRD(3) — IICRD(2)) x the resolution.
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Table13.5 Examplesof TCR and TCSR Settings

Register Bit(s) Abbreviation Contents Description
TCR in TMR1 7 CMIEB 0 Interrupts due to compare-match
6 CMIEA 0 and overflow are disabled
5 OVIE 0
4and 3 CCLR1, CCLRO 11 TCNT is cleared by the rising edge
of the external reset signal (inverted
IVI signal)
2to0 CKS2to CKSO 101 TCNT is incremented on the rising
edge of the external clock (IHI
signal)
TCSRiNTMR1 3to0 0OS3to OSO 0011 Not changed by compare-match B;

output inverted by compare-match A
(toggle output): division by 512

or

1001 when TCORB < TCORA, 1 output
on compare-match B, and 0 output
on compare-match A: division by
256

TCRin FRT 6 IEDGB 0/1 0: FRC value is transferred to ICRB
on falling edge of input capture
input B (IHI divided signal
waveform)

1: FRC value is transferred to ICRB

on rising edge of input capture
input B (IHI divided signal

waveform)
land 0 CKS1, CKSO 01 FRC is incremented on internal
clock: @8
TCSR in FRT 0 CCLRA 0 FRC clearing is disabled
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IVI signal
IHI signal —m
divided ‘ 1

ICRB(4) /

waveform

ICRB(3) |

ICRB(2) !

ICRB(1)
FRC — |
ICRB ——

Figure13.5 Timing Chart for Measurement of VI Signal and
IHI Signal Divided Waveform Periods

13.34 IHI Signal and 2fH Modification

By using the timer connection FRT, even if there isapart of the IHI signal with twice the
frequency, this can be eliminated. In order for this function to operate properly, the duty cycle of
the IHI signal must be approximately 30% or less, or approximately 70% or above.

The 8-bit OCRDM contents or twice the OCRDM contents can be added automatically to the data
captured in ICRD in the FRT, and compare-matches generated at these points. The interval
between the two compare-matchesis called a mask interval. A value equivalent to approximately
1/3 the IHI signal period iswritten in OCRDM. ICRD is set so that capture is performed on the
rise of the IHI signal.

Since the IHI signal supplied to the IHO signal selection circuit is normally set on the rise of the
IHI signal and reset on the fall, its waveform is the same as that of the original IHI signal. When
2fH modification is selected, IHI signal edge detection is disabled during mask intervals. Capture
is also disabled during these intervals.

Examples of FRT TCR settings are shown in table 13.6, and the 2fH modification timing chart is
shown in figure 13.6.
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Table13.6 Examplesof TCR, TCSR, TCOR, and OCRDM Settings

Register Bit(s) Abbreviation Contents Description

TCRin FRT 4 IEDGD 1 FRC value is transferred to ICRD on
the rising edge of input capture input
D (IHI signal)

land 0 CKS1, CKSO 01 FRC is incremented on internal clock:
@8
TCSR in FRT 0 CCLRA 0 FRC clearing is disabled

TCOR in FRT 7 ICRDMS 1 ICRD is set to the operating mode in
which OCRDM is used

OCRDMIinFRT 7to0 OCRDM7to 0 H'01 to H'FF Specifies the period during which
ICRD operation is masked

IHI signal
(without 2fH _l'l_l'l_l'l_l'l_l'l_l_Ll_Ll_Ll_Ll'l_I'l_l'l_l'l_l'l_l'l_

modification)

IHI signal | :
with 2~ —J1 5 1 | U U
modification) ! ! !

Mask interval —— 1 T 1 L L 11

h

:'444
e

ICRD + OCRDM x 2
ICRD + OCRDM

FRC
ICRD

Figure13.6 2fH Modification Timing Chart
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13.35 IVI Signal Fall Modification and IHI Synchronization

By using the timer connection TMRL, the fall of the IVI signal can be shifted backward by the
specified number of IHI signal waveforms. Also, thefall of the VI signal can be synchronized
with therise of the IHI signal.

To perform 8-bit timer divided waveform period measurement, TCNT in TMR1 is set to count
external clock (IHI signal) pulses, and to be cleared on the rising edge of the external reset signal
(inverse of the 1VI signal). The number of IHI signal pulses until the fall of the IVI signal is
written in TCORB.

Since the 1VI signal supplied to the IVO signal selection circuit is normally set on the rise of the
IVI signal and reset on the fall, its waveform is the same as that of the original 1VI signal. When
fall modification is selected, areset is performed on aTMR1 TCORB compare-match.

Thefall of the waveform generated in this way can be synchronized with the rise of the IHI signal,
regardless of whether or not fall modification is selected.

Examples of TMR1 TCORB, TCR, and TCSR settings are shown in table 13.7, and the fall
modification/IHI synchronization timing chart is shown in figure 13.7.
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Table 13.7 Examplesof TCORB, TCR, and TCSR Settings

Register Bit(s) Abbreviation  Contents Description
TCRin 7 CMIEB 0 Interrupts due to compare-match and
TMR1 6 CMIEA 0 overflow are disabled
5 OVIE 0
4and 3 CCLR1, 11 TCNT is cleared by the rising edge of the
CCLRO external reset signal (inverse of the IVI
signal)
2t00 CKS2to CKSO 101 TCNT is incremented on the rising edge of
the external clock (IHI signal)
TCSRin 3t00 0OS3to OSO 0011 Not changed by compare-match B; output
TMR1 inverted by compare-match A (toggle
output)
or
1001 when TCORB < TCORA, 1 output on
compare-match B, O output on compare-
match A
TOCRB in TMR1 H'03 Compare-match on the 4th (example) rise

(example) of the IHI signal after the rise of the
inverse of the IVI signal

IHI signal Nn n n n n U v uum |'| |'| |'| |'| |'|

IVI signal (PDC signal)

IVO signal
(without fall modification,

with IHI synchronization)
IVO signal

I—l—

(with fall modification,
without IHI synchronization)

IVO signal

[

(with fall modification
and IHI synchronization)

Figure 13.7 Fall Modification/IHI Synchronization Timing Chart
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13.3.6 Internal Synchronization Signal Generation (IHG/IVG/CL 4 Signal Gener ation)

By using the timer connection FRT and TMRY, it is possible to automatically generate internal
signals (IHG and IV G signals) corresponding to the IHI and IVI signals. Asthe IHG signal is
synchronized with the rise of the IV G signal, the IHG signal period must be made a divisor of the
IVG signal period in order to keep it constant. In addition, the CL4 signal can be generated in
synchronization with the IHG signal.

The contents of OCRA in the FRT are updated by the automatic addition of the contents of
OCRAR or OCRAF, alternately, each time a compare-match occurs. A value corresponding to the
Ointerval of the IVG signal iswritten in OCRAR, and a value corresponding to the 1 interval of
the IVG signal iswritten in OCRAF. The IVG signal is set by a compare-match after an OCRAR
addition, and reset by a compare-match after an OCRAF addition.

The IHG signal isthe TMRY 8-hit timer output. TMRY is set to count internal clock pulses, and
to be cleared on TCORA compare-match, to fix the period and set the timer output. TCORB is set
so asto reset the timer output. The IV G signal is connected asthe TMRY reset input (TMRI), and
the rise of the IVG signal can be treated in the same way asa TCORA compare-match.

The CL4 signal is awaveform that rises within one system clock period after the fall of the IHG
signal, and has a1 interval of 6 system clock periods.

Examples of settings of TCORA, TCORB, TCR, and TCSR in TMRY, and OCRAR, OCRAF,
and TCR in the FRT, are shown in table 13.8, and the IHG signal/IVG signal timing chart is
shown in figure 13.8.
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Table13.8 Examplesof OCRAR, OCRAF, TOCR, TCORA, TCORB, TCR, and TCSR

Settings
Register Bit(s) Abbreviation Contents Description
TCRin 7 CMIEB 0 Interrupts due to compare-match and
TMRY overflow are disabled
6 CMIEA 0
5 OVIE 0
4and3 CCLR1, 01 TCNT is cleared by compare-match A
CCLRO
2t00 CKS2 to CKSO 001 TCNT is incremented on internal clock:
@4
TCSR in 3t00 0S31to0 0S0 0110 0 output on compare-match B
TMRY 1 output on compare-match A
TOCRA in H'3F IHG signal period = @ x 256
TMRY (example)
TOCRB in H'03 IHG signal 1 interval = @ x 16
TMRY (example)
TCR in FRT land0 CKS1, 01 FRC is incremented on internal clock: @/8
CKSO0
OCRAR in FRT H'7FEF IVG signal 0 IVG signal period =
(example) interval = @ x 262144 (1024
@ x 262016 times IHG signal)
OCRAF in FRT H'000F IVG signal 1
(example) interval = ¢ x 128
TOCRINFRT 6 OCRAMS 1 OCRA is set to the operating mode in

which OCRAR and OCRAF are used
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IVG signal

' OCRA (4) =
! ! OCRA (3) +
. OCRA(3)= _OCRAR
1 OCRA (2) +
' OCRA(2)= | OCRAF
1 OCRA (1) +
OCRA (1) =1 OCRAR
OCRA (0) +
OCRAF
OCRA ////
FRC
6 system clocks 6 system clocks 6 system clocks

-

- -

giléﬁal |_| |_| |_|

IHG I— ‘
signal | |

TCORA

TCORB

TCNT

Figure13.8 1VG Signal/IHG Signal/CL4 Signal Timing Chart

Rev. 4.00 Sep 27, 2006 page 402 of 1130
REJ09B0327-0400

RENESAS




Section 13 Timer Connection

13.3.7 HSYNCO Output

With the HSY NCO output, the meaning of the signal source to be selected and use or non-use of
modification varies according to the IHI signal source and the waveform required by external
circuitry. The meaning of the HSYNCO output in each mode is shown in table 13.9.

Table 13.9 Meaning of HSYNCO Output in Each Mode

Mode IHI Signal  IHO Signal Meaning of IHO Signal
No signal HFBACKI IHI signal (without ~ HFBACKI input is output directly
input 2fH modification)

IHI signal (with 2fH Meaningless unless there is a double-frequency
modification) part in the HFBACKI input
CL1 signal HFBACKI input 1 interval is changed before output
IHG signal Internal synchronization signal is output

S-on-G CSYNCI IHI signal (without ~ CSYNCI input (composite synchronization signal)

mode input 2fH modification) is output directly
IHI signal (with 2fH Double-frequency part of CSYNCI input (composite
modification) synchronization signal) is eliminated before output
CL1 signal CSYNCI input (composite synchronization signal)

horizontal synchronization signal part is separated
before output

IHG signal Internal synchronization signal is output
Composite HSYNCI IHI signal (without HSYNCI input (composite synchronization signal)
mode input 2fH modification) is output directly
IHI signal (with 2fH Double-frequency part of HSYNCI input (composite
modification) synchronization signal) is eliminated before output
CL1 signal HSYNCI input (composite synchronization signal)

horizontal synchronization signal part is separated
before output

IHG signal Internal synchronization signal is output
Separate HSYNCI IHI signal (without  HSYNCI input (horizontal synchronization signal) is
mode input 2fH modification) output directly

IHI signal (with 2fH Meaningless unless there is a double-frequency
modification) part in the HSYNCI input (horizontal
synchronization signal)

CL1 signal HSYNCI input (horizontal synchronization signal) 1
interval is changed before output

IHG signal Internal synchronization signal is output
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13.3.8 VSYNCO Output

With the VSYNCO output, the meaning of the signal source to be selected and use or non-use of
modification varies according to the IV1 signal source and the waveform required by external
circuitry. The meaning of the VSYNCO output in each mode is shown in table 13.10.

Table 13.10 Meaning of VSYNCO Output in Each Mode

Mode IVI Signal  IVO Signal Meaning of IVO Signal
No signal VFBACKI IVI signal (without fall VFBACKI input is output directly
input modification or IHI

synchronization)

IVI signal (without fall
modification, with IHI
synchronization)

Meaningless unless VFBACKI input is
synchronized with HFBACKI input

IVI signal (with fall
modification, without IHI
synchronization)

VFBACKI input fall is modified before output

IVI signal (with fall
modification and [HI
synchronization)

VFBACKI input fall is modified and signal is
synchronized with HFBACKI input before
output

IVG signal

Internal synchronization signal is output

S-on-G PDC signal
mode or

composite

mode

IVI signal (without fall
modification or IHI
synchronization)

CSYNCI/HSYNCI input (composite
synchronization signal) vertical
synchronization signal part is separated
before output

IVI signal (without fall
modification, with IHI
synchronization)

CSYNCI/HSYNCI input (composite
synchronization signal) vertical
synchronization signal part is separated, and
signal is synchronized with CSYNCI/HSYNCI
input before output

IVI signal (with fall
modification, without IHI
synchronization)

CSYNCI/HSYNCI input (composite
synchronization signal) vertical
synchronization signal part is separated, and
fall is modified before output

IVI signal (with fall
modification and [HI
synchronization)

CSYNCI/HSYNCI input (composite
synchronization signal) vertical
synchronization signal part is separated, fall is
modified, and signal is synchronized with
CSYNCI/HSYNCI input before output

IVG signal

Internal synchronization signal is output
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Section 13 Timer Connection

Mode IVI Signal VO Signal Meaning of IVO Signal
Separate  VSYNCI IVI signal (without fall VSYNCI input (vertical synchronization signal)
mode input modification or IHI is output directly
synchronization)
IVI signal (without fall Meaningless unless VSYNCI input (vertical
modification, with [HI synchronization signal) is synchronized with
synchronization) HSYNCI input (horizontal synchronization
signal)
IVI signal (with fall VSYNCI input (vertical synchronization signal)

modification, without IHI  fall is modified before output
synchronization)

IVI signal (with fall VSYNCI input (vertical synchronization signal)
modification and IHI fall is modified and signal is synchronized with
synchronization) HSYNCI input (horizontal synchronization

signal) before output

IVG signal Internal synchronization signal is output

13.39 CBLANK Output

Using the signal s generated/sel ected with timer connection, it is possible to generate a waveform
based on the composite synchronization signal (blanking waveform).

One kind of blanking waveform is generated by combining HFBACKI and VFBACKI inputs,
with the phase polarity made positive by means of bits HFINV and VFINV in TCONRI, with the
IVO signal.

The composition logic is shown in figure 13.9.

HFBACKI input (positive)

VFBACKI input (positive) \

- - CBLANK signal
Falling edge sensing I— Reset (positive)

Q
l—{ Rising edge sensing |7 Set

IVO signal (positive)

Figure13.9 CBLANK Output Waveform Generation
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Section 14 Watchdog Timer (WDT)

Section 14 Watchdog Timer (WDT)

141 Overview

This LSl have an on-chip watchdog timer with two channels (WDTO, WDT1) for monitoring
system operation. The WDT outputs an overflow signal (RESO) if a system crash prevents the
CPU from writing to the timer counter, allowing it to overflow. At the same time, the WDT can
also generate an internal reset signal or internal NMI interrupt signal.

When this watchdog function is not needed, the WDT can be used as an interval timer. In interval
timer mode, an interval timer interrupt is generated each time the counter overflows.

14.1.1 Features
WDT features are listed below.

» Switchable between watchdog timer mode and interval timer mode
* Internal reset or internal interrupt generated when the timer counter overflows

O WOVI interrupt generation in interval timer mode

O Choice of internal reset or NMI interrupt generation in watchdog timer mode
« RESO output in watchdog timer mode

O Inwatchdog timer mode, alow-level signal is output from the RESO pin when the counter
overflows (when internal reset is selected)

e Choiceof 8 (WDTO) or 16 (WDT1) counter input clocks
O Maximum WDT interval: system clock period x 131072 x 256
O Subclock can be selected for the WDT1 input counter
Maximum interval when the subclock is selected: subclock period x 256 x 256
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Section 14 Watchdog Timer (WDT)

14.1.2 Block Diagram

Figures 14.1 (a) and (b) show block diagrams of WDTO and WDT1.

WOVIO : )
(interrupt request ' | —
signal) | -~ @64
Internal NMI : Interrupt - @128
interrupt request < | control | Overflow Clock Clock [+ 9512
signal*2 ! select [«——®2048
BEQO i +] « | Reset -~ @/8192
RESO signal | control «———@/32768
Internal reset * ®131072
signal*t | Internal clock
| f source
i | TONT |« TCSR |
3 U O Bus
f Module bus interface
e WDTO -
Legend:

TCSR: Timer control/status register

TCNT: Timer counter

Internal bus

Notes: 1. RESO pin output goes low when the internal reset signal is generated by overflow of TCNT
in either WDTO or WDT1. The reset of the WDT that overflowed first takes precedence over
the internal reset signal.

2. The internal NMI interrupt request signal can be output independently by either WDTO or
WDTL1. The interrupt controller does not distinguish between NMI interrupt requests from

WDTO and WDT1.

Figure14.1 (a) Block Diagram of WDTO
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Section 14 Watchdog Timer (WDT)

wovI1 ! 2 !
(interrupt request <« Psupl2 |
signal) ! @64 Gsugld !
! @128 |
Internal NMI ! Interrupt W Bsup/8
(interrupt request | control | Overflow Clock Clock %922 o g/16 |
signal)*2 ! - select |3 @/2048 Gsup/32 |
[ - Reset 8192 164 :
*1 oy —— — — |
RESO signal ‘ control = w32768 EUBMZB :
‘ «—q@131072 V% "
Internal reset | T @131072 uB/256 |
signal*1 | Internal clock !
3 I source ‘
s g
: TCNT |<—> TCSR |2
: | | | N
s |2
| Bus L=
! Module bus interface L
b WDTL -~ =< mmmmmm oo
Legend:
TCSR: Timer control/status register
TCNT: Timer counter
Notes: 1. RESO pin output goes low when the internal reset signal is generated by overflow of TCNT
in either WDTO or WDTL1. The reset of the WDT that overflowed first takes precedence over
the internal reset signal.
2. The internal NMI interrupt request signal can be output independently by either WDTO or
WDTL1. The interrupt controller does not distinguish between NMI interrupt requests from
WDTO and WDT1.
Figure14.1 (b) Block Diagram of WDT1
14.1.3 Pin Configuration
Table 14.1 describes the WDT input pin.
Table14.1 WDT Pin
Name Symbol 1/0 Function
Reset output pin RESO Output  Watchdog timer mode counter overflow signal
output
External subclock input pin  EXCL Input WDT1 prescaler counter input clock
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14.1.4 Register Configuration

The WDT has four registers, as summarized in table 14.2. These registers control clock selection,
WDT mode switching, the reset signal, etc.

Table14.2 WDT Registers

Address™*

Channel Name Abbreviation R/W Initial Value  Write*> Read
0 Timer control/status TCSRO R/(W)**  H'00 H'FFA8 H'FFA8

register 0

Timer counter 0 TCNTO R/W H'00 H'FFA8 H'FFA9
1 Timer control/status TCSR1 R/(W)**  H'00 H'FFEA HFFEA

register 1

Timer counter 1 TCNT1 R/W H'00 H'FFEA HFFEB
Common  System control SYSCR R/W H'09 H'FFC4 H'FFC4

register

Notes: 1. Lower 16 bits of the address.
2. For details of write operations, see section 14.2.4, Notes on Register Access.
3. Only 0 can be written in bit 7, to clear the flag.

14.2  Register Descriptions

1421 Timer Counter (TCNT)

Bit 7 6 5 4 3 2 1 0

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

TCNT is an 8-bit readable/writable” up-counter.

When the TME bitisset to 1in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF flag in TCSR is set to 1. Watchdog timer overflow signal (RESO) output,
an internal reset, NMI interrupt, interval timer interrupt (WOVI), etc., can be generated, depending
on the mode selected by the WT/IT bit and RST/NMI bit.
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TCNT isinitialized to H'00 by areset, in hardware standby mode, or when the TME bit is cleared
to 0. Itisnot initialized in software standby mode.

Note: * TCNT iswrite-protected by a password to prevent accidental overwriting. For details
see section 14.2.4, Notes on Register Access.

1422 Timer Control/Status Register (TCSR)

e TCSRO
Bit 7 6 5 4 3 2 1 0
| OVF | WT/W| TME | RSTS |RST/W| CKS2 | CKS1 | CKS0 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Writt  R/(W)* RW RW RW RW RW RW RW

Note: * Only O can be written, to clear the flag.

¢ TCSR1
Bit 7 6 5 4 3 2 1 0
| OVF | WT/W| TME | PSS |RST/W| CKS2 | CKs1 | CKS0 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)*  R/W RIW R/W R/W RIW RIW RIW
Note: * Only O can be written, to clear the flag.

TCSR is an 8-hit readable/writable” register. Its functions include selecting the clock source to be
input to TCNT, and the timer mode.

TCRisinitialized to H'00 by areset and in hardware standby mode. It is not initialized in software
standby mode.

Note: * TCSR iswrite-protected by a password to prevent accidental overwriting. For details
see section 14.2.4, Notes on Register Access.
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Section 14 Watchdog Timer (WDT)

Bit 7—Overflow Flag (OVF): A status flag that indicates that TCNT has overflowed from H'FF
to H'00.

Bit 7

OVF Description

0 [Clearing conditions]
e Write O in the TME bit (Initial value)
+ Read TCSR when OVF = 1", then write 0 in OVF

1 [Setting condition]

When TCNT overflows (changes from H'FF to H'00)
(When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset.)

Note: * When OVF is polled and the interval timer interrupt is disabled, OVF = 1 must be read
at least twice.

Bit 6—Timer Mode Select (WT/IT): Selects whether the WDT is used as a watchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
(WOVI) when TCNT overflows. If used as awatchdog timer, the WDT generates areset or NMI
interrupt when TCNT overflows. When internal reset is selected in watchdog timer mode, alow-
level signal is output from the RESO pin.

Bit 6

WTAT Description

0 Interval timer mode: Sends the CPU an interval timer interrupt request (WOVI) when
TCNT overflows (Initial value)

1 Watchdog timer mode: Generates a reset or NMI interrupt when TCNT overflows

At the same time, a low-level signal is output from the RESO pin (when internal reset
is selected)

Bit 5—Timer Enable (TME): Selectswhether TCNT runsor is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT counts
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TCSRO Bit 4—Reset Select (RSTS): Reserved. Thisbit should not be set to 1.

TCSR1 Bit 4—Prescaler Select (PSS): Selects the input clock source for TCNT in WDTL1. For
details, see the description of the CKS2 to CK SO hits below.

WDT1 TCSR

Bit 4

PSS Description

0 TCNT counts @-based prescaler (PSM) divided clock pulses (Initial value)
1 TCNT counts ¢SUB-based prescaler (PSS) divided clock pulses

Bit 3—Reset or NM| (RST/NMI): Specifies whether an internal reset or NMI interrupt is
requested on TCNT overflow in watchdog timer mode.

Bit 3

RST/NMI Description

0 An NMI interrupt is requested (Initial value)
1 An internal reset is requested

Bits2to 0—Clock Select 2to 0 (CKS2 to CKS0): These hits select an internal clock source,
obtained by dividing the system clock (¢), or subclock (¢SUB) for input to TCNT.

 WDTOinput clock selection

Bit 2 Bit 1 Bit 0 Description
CKS2 CKS1 CKSO Clock Overflow Period” (when @= 20 MHz)
0 0 0 @2 (Initial value) 25.6 us
1 @64 819.2 us
1 0 @128 1.6 ms
1 @512 6.6 ms
1 0 0 @2048 26.2 ms
1 @'8192 104.9 ms
1 0 @32768 419.4 ms
1 @131072 1.68s

Note: * The overflow period is the time from when TCNT starts counting up from H'00 until
overflow occurs.
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e WDT1input clock selection

Bit 4 Bit 2 Bit 1 Bit 0 Description
Overflow Period”™ (when @= 20 MHz
PSS CKs2 CKS1l CKSO Clock and @, = 32.768 kHz)
0 0 0 0 @2 (Initial value) 25.6 ps
1 @64 819.2 ps
1 0 @128 1.6 ms
1 @512 6.6 ms
1 0 0 @2048 26.2ms
1 @8192 104.9 ms
1 0 @32768 419.4 ms
1 @131072 1.68s
1 0 0 0 @SUB/2 15.6 ms
1 @eSUB/4 31.3ms
1 0 @SUB/8 62.5 ms
1 @SUB/16 125 ms
1 0 0 @SUB/32 250 ms
1 @eSUB/64 500 ms
1 0 @SUB/128 1ls
1 @SUB/256 2s

Note: * The overflow period is the time from when TCNT starts counting up from H'00 until
overflow occurs.

14.2.3 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

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

Only hit 3 isdescribed here. For details on functions not related to the watchdog timer, see
sections 3.2.2 and 5.2.1, System Control Register (SY SCR), and the descriptions of the relevant
modules.

Bit 3—External Reset (XRST): Indicates the reset source. When the watchdog timer is used, a
reset can be generated by watchdog timer overflow in addition to external reset input. XRST isa
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read-only bit. It is set to 1 by an external reset, and when the RST/NMI bit is 1, iscleared to 0 by
an internal reset due to watchdog timer overflow.

Bit 3

XRST Description

0 Reset is generated by watchdog timer overflow

1 Reset is generated by external reset input (Initial value)

1424 Noteson Register Access

The watchdog timer’s TCNT and TCSR registers differ from other registersin being more difficult
to write to. The procedures for writing to and reading these registers are given below.

Writing to TCNT and TCSR (Example of WDTO)

These registers must be written to by aword transfer instruction. They cannot be written to with
byte transfer instructions.

Figure 14.2 shows the format of datawritten to TCNT and TCSR. TCNT and TCSR both have the
same write address. For awrite to TCNT, the upper byte of the written word must contain H'5A
and the lower byte must contain the write data. For awrite to TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byteto TCNT or TCSR.

TCNT write
15 8 7 0
Address: HFFA8 H'5A Write data
TCSR write
15 8 7 0
Address: HFFAS | HAS | Wiite data |

Figure14.2 Format of Data Written to TCNT and TCSR (Example of WDTOQ)

Reading TCNT and TCSR (Example of WDTOQ)

These registers are read in the same way as other registers. The read addresses are H'FFA8 for
TCSR, and H'FFA9 for TCNT.
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14.3  Operation

1431 Watchdog Timer Operation

To use the WDT as awatchdog timer, set the WT/IT and TME bitsin TCSR to 1. Software must
prevent TCNT overflows by rewriting the TCNT value (normally by writing H'00) before
overflow occurs. Thisensuresthat TCNT does not overflow while the system is operating
normally. If TCNT overflows without being rewritten because of a system crash or other error, an
internal reset or NMI interrupt request is generated.

When the RST/NMI hit is set to 1, the chip is reset for 518 system clock periods (518 ¢) by a
counter overflow, and at the same time alow-level signal is output from the RESO pin for 132
states. Thisisillustrated in figure 14.3. The system can be reset using thisRESO signal.

When the RST/NMI bit cleared to 0, an NMI interrupt request is generated by a counter overflow.
In this case, the RESO output signal remains high.

Aninternal reset request from the watchdog timer and reset input from the RES pin are handled
viathe same vector. The reset source can be identified from the value of the XRST bit in SY SCR.

If areset caused by an input signal from the RES pin and areset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the XRST bit in SYSCRis set to 1.

An NMI interrupt request from the watchdog timer and an interrupt request from the NMI pin are
handled via the same vector. Simultaneous handling of a watchdog timer NM1 interrupt request
and an NMI pin interrupt request must therefore be avoided.
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TCNT value
Overflow

//
/
/
» Time

/.
|
.
|
.
|
i
!
‘
‘

AR T N I : AN

WTAT=1 H00 written OVF=1*  WTAT=1 H'00 written
TME=1 to TCNT | TME=1 to TCNT

RESO and internal :
reset generated :
L
RESO signal [ ] |
.
132 system:

clock periods

Internal reset signal

518 system
Legend: clock periods
WT/IT: Timer mode select bit
TME: Timer enable bit
OVF: Overflow flag

Note: * Cleared to 0 by an internal reset when OVF is set to 1. XRST is cleared to 0.

Figure 14.3 Operation in Watchdog Timer Mode (RST/NMI = 1)

14.3.2 Interval Timer Operation

To use the WDT as an interval timer, clear the WT/IT bit in TCSR to 0 and set the TME bit to 1.
Aninterval timer interrupt (WOV) is generated each time TCNT overflows, provided that the
WNDT isoperating as an interval timer, as shown in figure 14.4. This function can be used to
generate interrupt requests at regular intervals.
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TCNT count

A
Overflow Overflow

e

Overflow Overflow

= Time

H'00 i ¢ ¢

0 WoVI wovI

Legend:
WOVI: Interval timer interrupt request generation

WOVI WOVI

Figure14.4 Operation in Interval Timer Mode

14.3.3 Timing of Setting of Overflow Flag (OVF)

The OVFflagissetto 1if TCNT overflows during interval timer operation. At the sametime, an
interval timer interrupt (WOVI) isrequested. Thistiming is shown in figure 14.5.

If NMI request generation is selected in watchdog timer mode, when TCNT overflows the OVF
bitin TCSR is set to 1 and at the same time an NMI interrupt is requested.

e T LT LT LT LT LT

TCNT % HFF

>< H'00

Overflow signal
(internal signal) ((
)

OVF (
))

-
.

Figure14.5 Timing of OVF Setting
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14.3.4 RESO Signal Output Timing

When TCNT overflows in watchdog timer mode, the OVF hitisset to 1 in TCSR. If the RST/NMI
bitis1 at thistime, an internal reset signal is generated for the entire chip, and at the sametime a
low-level signal is output from the RESO pin. The timing is shown in figure 14.6.

. T LT LT LI LTI

TCNT \\ H'FF >< H'00 S\ :

Overflow signal :

internal signal ( (i

( gna) 48 )

(=

)

OVF (« | !

) !

S ( ‘
RESO signal )]

|<— 132 states 4;'7

(
J

Internal reset (« !— 518 states -
signal ))

A~

I~

Figure 14.6 RESO Signal Output Timing

144  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOV1).
The interval timer interrupt is requested whenever the OVF flagisset to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine. When NMI interrupt request generation is selected in
watchdog timer mode, an overflow generates an NMI interrupt request.
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145  Usage Notes

1451 Contention between Timer Counter (TCNT) Writeand Increment

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 14.7 shows this operation.

TCNT write cycle

Address ><

TCNT input clock

Internal write signal

TCNT N >< oM

Counter write data

Figure 14.7 Contention between TCNT Write and Increment

145.2 Changing Value of CKS2to CKS0

If bits CKS2 to CKS0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) before
changing the value of bits CKS2 to CKS0.
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1453  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, whilethe WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.

1454  System Reset by RESO Signal

If the RESO output signal is input to the chip’sRES pin, the chip will not beinitialized correctly.
Ensure that the RESO signal is not logically input to the chip’s RES pin. When resetting the entire
system with the RESO signal, use a circuit such as that shown in figure 14.8.

Chip

|

Reset input 9

s
m
(7]

Reset signal to entire system — E 9 RESO

Figure 14.8 Sample Circuit for System Reset by RESO Signal

1455 Counter Valuein Transitions between High-Speed M ode, Subactive M ode, and
Watch Mode

If the mode is switched between high-speed mode and subactive mode or between high-speed
mode and watch mode when WDT1 is used as arealtime clock counter, an error will occur in the
counter value when the internal clock is switched.

When the mode is switched from high-speed mode to subactive mode or watch mode, the
increment timing is delayed by approximately 2 or 3 clock cycles when the WDT1 control clock is
switched from the main clock to the subclock.

Also, since the main clock oscillator is halted during subclock operation, when the mode is
switched from watch mode or subactive mode to high-speed mode, the clock is not supplied until
internal oscillation stabilizes. As aresult, after oscillation is started, counter incrementing is halted
during the oscillation stabilization time set by bits STS2 to STS0 in SBYCR, and thereisa
corresponding discrepancy in the counter value.
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Caution is therefore required when using WDT1 as the realtime clock counter.

No error occursin the counter value while WDT1 is operating in the same mode.

1456 OVF Flag Clear Condition

To clear OVF flag in WOV handling routine, read TCSR when OVF = 1, then write with 0 to
OVF, as stated above. When WOV is masked and OVF flag is poling, if contention between OVF
flag set and TCSR read is occurred, OVF = 1 isread but OVF can not be cleared by writing with 0
to OVF.

In this case, reading TCSR when OVF = 1 two times meet the requirements of OVF clear
condition. Please read TCSR when OVF = 1 two times before writing with 0 to OVF.

LOOP BTST.B  #7, @CSR ; OVF flag read
BEQ LOOP ; if OVF=1, exit fromloop
MOV. B @cCSR, ROL ; OVF=1 read again

MOV. W #H A521, RO ; OVF flag clear
MOV. W RO, @CSR ; :
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Section 15 Serial Communication Interface (SCI, IrDA)

15.1 Overview

This LSl are equipped with a 3-channel serial communication interface (SCI). The SCI can handle
both asynchronous and clocked synchronous serial communication. A function is also provided for
serial communication between processors (multiprocessor communication function).

One of the three SCI channels can transmit and receive IrDA communication waveforms based on
IrDA specification version 1.0.

15.1.1 Features
SCI features are listed below.

» Choice of asynchronous or synchronous serial communication mode
Asynchronous mode:

0 Serial datacommunication is executed using an asynchronous system in which
synchronization is achieved character by character
Serial data communication can be carried out with standard asynchronous communication
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

O A multiprocessor communication function is provided that enables serial data
communication with a number of processors

0 Choiceof 12 serid datatransfer formats

Data length: 7 or 8 hits
Stop bit length: 1 or 2 bits
Parity: Even, odd, or none
Multiprocessor hit: lor0
0 Receive error detection: Parity, overrun, and framing errors
O Break detection: Break can be detected by reading the RxD pin level

directly in case of aframing error
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Synchronous mode:
O Serial data communication is synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronous
communication function

0 One seria datatransfer format
Data length: 8 hits
0 Receive error detection: Overrun errors detected
* Full-duplex communication capability
0 Thetransmitter and receiver are mutually independent, enabling transmission and reception
to be executed simultaneously

O Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

e LSB-first or MSB-first transfer can be selected

0 This selection can be made regardless of the communication mode (with the exception of
7-bit data transfer in asynchronous mode)*

Note: * LSB-first transfer isused in the examplesin this section.

 Built-in baud rate generator allows any bit rate to be selected
» Choice of serial clock source: internal clock from baud rate generator or external clock from
SCK pin
e Capability of transmit and receive clock output
0 The P86/SCK1 and P42/SCK2 pins are CM OS type outputs
O The P52/SCKO pinisan NMOS push-pull type output in the H85/2148 Group and
H8S/2147N, and is a CMOS output in the H8S/2144 Group (When the P52/SCKO pinis
used as an output in the H85/2148 Group and H8S/2147N, external pull-up resistor must be
connected in order to output high level)
» Thetransmit-data-empty interrupt and receive-data-full interrupt can activate the data transfer
controller (DTC) to execute data transfer
» Four interrupt sources
O Four interrupt sources (transmit-data-empty, transmit-end, receive-data-full, and receive
error) that can issue requests independently
O The transmit-data-empty interrupt and receive-data-full interrupt can activate the data
transfer controller (DTC) to execute data transfer
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15.1.2 Block Diagram

Figure 15.1 shows a block diagram of the SCI.

Q
[&]
©
Module data bus S Internal
= data bus
2]
>
| _RorR | [ TOR | SCMR | BRR L
i _ SSR -
RxD *| | RSR | | | TSR SCR Baud rate |-=— @4
' SMR generator | @16
Transmission/
TXD = reception control ~— (/64
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Figure15.1 Block Diagram of SCI
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Section 15 Serial Communication Interface (SCI, IrDA)

15.1.3 Pin Configuration
Table 15.1 shows the serial pins used by the SCI.

Table15.1 SCI Pins

Channel Pin Name Symbol* 1/0 Function

0 Serial clock pin O SCKO /0 SCIO0 clock input/output
Receive data pin 0 RxDO Input SCIO receive data input
Transmit data pin 0 TxDO Output SCIO0 transmit data output

1 Serial clock pin 1 SCK1 1/0 SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmitdatapinl  TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 1/0 SCI2 clock input/output
Receive data pin 2 RxD2/IrRxD  Input SCI2 receive data input

(normal/IrDA)

Transmit data pin 2 ~ TxD2/IrTxD  Output SCI2 transmit data output
(normal/IrDA)

Note: * The abbreviations SCK, RxD, and TxD are used in the text, omitting the channel
number.

15.14 Register Configuration

The SCI has the internal registers shown in table 15.2. These registers are used to specify
asynchronous mode or synchronous mode, the data format, and the bit rate, and to control the
transmitter/receiver.
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Table15.2 SCI Registers

1

Channel Name Abbreviation R/W Initial Value Address”

0 Serial mode register 0 SMRO R/W H'00 H'FFD8**
Bit rate register 0 BRRO R/W H'FF H'FFD9**
Serial control register O SCRO R/W H'00 H'FFDA
Transmit data register 0 TDRO R/W H'FF H'FFDB
Serial status register O SSRO R/I(W)**  H84 H'FFDC
Receive data register 0 RDRO R H'00 H'FFDD
Serial interface mode register 0 SCMRO R/W H'F2 H'FFDE™®

1 Serial mode register 1 SMR1 R/W H'00 H'FF88*?
Bit rate register 1 BRR1 R/W H'FF H'FF89**
Serial control register 1 SCR1 R/W H'00 H'FF8A
Transmit data register 1 TDR1 R/W H'FF H'FF8B
Serial status register 1 SSR1 R/I(W)**  H84 H'FF8C
Receive data register 1 RDR1 R H'00 H'FF8D
Serial interface mode register 1 SCMR1 R/W H'F2 H'FFSE™?

2 Serial mode register 2 SMR2 RIW H'00 H'FFAQ*?
Bit rate register 2 BRR2 R/W H'FF H'FFAL*?
Serial control register 2 SCR2 R/W H'00 H'FFA2
Transmit data register 2 TDR2 R/W H'FF H'FFA3
Serial status register 2 SSR2 RI(W)**  H'84 H'FFA4
Receive data register 2 RDR2 R H'00 H'FFAS5
Serial interface mode register 2 SCMR2 R/W H'F2 H'FFA6™?
Keyboard comparator control KBCOMP R/W H'00 H'FEE4
register

Common  Module stop control register MSTPCRH R/W H'3F H'FF86

MSTPCRL R/W H'FF H'FF87
Notes: 1. Lower 16 bits of the address.

2.
3.

Only 0 can be written, to clear flags.

Some serial communication interface registers are assigned to the same addresses as
other registers. In this case, register selection is performed by the IICE bit in the serial

timer control register (STCR).
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152 Register Descriptions

1521 Receive Shift Register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

RSR isaregister used to receive serid data

The SCI sets seria datainput from the RxD pinin RSR in the order received, starting with the
LSB (bit 0), and convertsit to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

15.2.2 Receive Data Register (RDR)

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 0 0 0 0 0 0 0 0
Read/Write R

RDR isaregister that storesreceived serial data.

When the SCI has received one byte of serial data, it transfers the received serial datafrom RSR to
RDR whereit is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, continuous receive operations can be
performed.

RDR isaread-only register, and cannot be written to by the CPU.

RDR isinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.
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15.2.3  Transmit Shift Register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — _ _

TSR isaregister used to transmit seria data.

To perform serial data transmission, the SCI first transfers transmit datafrom TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit datais transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is not
performed if the TDRE bit in SSR is set to 1.

TSR cannot be directly read or written to by the CPU.

15.24 Transmit Data Register (TDR)

Bit 7 6 5 4 3 2 1 0

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

TDRisan 8-hit register that stores datafor seria transmission.

When the SCI detectsthat TSR is empty, it transfers the transmit data written in TDR to TSR and
starts serial transmission. Continuous serial transmission can be carried out by writing the next
transmit datato TDR during serial transmission of the datain TSR.

TDR can be read or written to by the CPU at all times.

TDRisinitialized to H'FF by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.
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1525 Serial Mode Register (SMR)

Bit 7 6 5 4 3 2 1 0
| C/A | CHR | PE | O/E | STOP | MP | CKs1 | CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0

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

SMRisan 8-hit register used to set the SCI’ s serial transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.

SMRisinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.

Bit 7—Communication Mode (C/A): Selects asynchronous mode or synchronous mode as the
SCI operating mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
synchronous mode, afixed data length of 8 bitsis used regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data”

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and LSB-
first/MSB-first selection is not available.
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Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit additionis
performed in transmission, and parity bit checking in reception. In synchronous mode, or when a
multiprocessor format is used, parity bit addition and checking is not performed, regardless of the
PE bit setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled”

Note: * When the PE bitis set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity
(even or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. The O/E bit setting isinvalid in synchronous mode, when parity
bit addition and checking is disabled in asynchronous mode, and when a multiprocessor format is
used.

Bit 4

OE Description

0 Even parity** (Initial value)
1 Odd parity**

Notes: 1. When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so that the total

number of 1 bits in the transmit character plus the parity bit is odd.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.
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Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP hit setting isonly valid in asynchronous mode. If synchronous mode is set the STOP
bit setting isinvalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit™* (Initial value)
1 2 stop bits**

Notes: 1. Intransmission, a single 1 bit (stop bit) is added to the end of a transmit character
before it is sent.

2. In transmission, two 1 bits (stop bits) are added to the end of a transmit character
before it is sent.

In reception, only thefirst stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis1, it istreated as a stop hit; if it is O, it istreated as the start bit of the next transmit
character.

Bit 2—Multiprocessor Mode (M P): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E bit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it isinvalid in synchronous mode.

For details of the multiprocessor communication function, see section 15.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1, CK S0): These bits select the clock source for the
baud rate generator. The clock source can be selected from @, ¢4, ¢/16, and ¢/64, according to the
setting of bits CKS1 and CKS0.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 15.2.8, Bit Rate Register (BRR).
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Bit 1 Bit 0

CKs1 CKSso Description

0 0 @clock (Initial value)
1 @4 clock

1 0 @16 clock
1 @64 clock

15.26  Serial Control Register (SCR)

Bit 7 6 5 4 3 2 1 0
| TIE | RIE | TE | RE | MPIE | TEIE | CKE1 | CKEO ‘
Initial value 0 0 0 0 0 0 0 0

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

SCRis aregister that performs enabling or disabling of SCI transfer operations, serial clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can beread or written to by the CPU at al times.

SCRisinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit-data-empty interrupt
(TXI1) request generation when serial transmit datais transferred from TDR to TSR and the TDRE
flagin SSRisset to 1.

Bit 7

TIE Description

0 Transmit-data-empty interrupt (TXI) request disabled” (Initial value)
1 Transmit-data-empty interrupt (TXI) request enabled

Note: * TXl interrupt request cancellation can be performed by reading 1 from the TDRE flag,
then clearing it to 0, or clearing the TIE bit to 0.
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Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive-data-full interrupt (RXI)
request and receive-error interrupt (ERI) request generation when serial receive dataistransferred
from RSR to RDR and the RDRF flag in SSR is set to 1.

Bit 6

RIE Description

0 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
disabled” (Initial value)

1 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
enabled

Note: * RXI and ERI interrupt request cancellation can be performed by reading 1 from the
RDRF, FER, PER, or ORER flag, then clearing the flag to 0, or clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disables the start of serial transmission by the SCI.

Bit 5

TE Description

0 Transmission disabled™* (Initial value)
1 Transmission enabled*?

Notes: 1. The TDRE flag in SSRis fixed at 1.

2. In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0.

SMR setting must be performed to decide the transmission format before setting the TE
bit to 1.

Bit 4—Receive Enable (RE): Enables or disables the start of serial reception by the SCI.

Bit 4

RE Description

0 Reception disabled** (Initial value)
1 Reception enabled*?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.
2. Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode.
SMR setting must be performed to decide the reception format before setting the RE bit
to 1.
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Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when receiving with the MP bit in SMR
setto 1.

The MPIE bit setting isinvalid in synchronous mode or when the MP bit is cleared to 0.

Bit 3

MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
*  When the MPIE bit is cleared to 0
e When data with MPB = 1 is received

1 Multiprocessor interrupts enabled®

Receive interrupt (RXI) requests, receive-error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor hit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to
RDR, receive error detection, and setting of the RDRF, FER, and ORER flags in SSR,
is not performed. When receive data with MPB = 1 is received, the MPB bit in SSR is
set to 1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI
interrupts (when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag
setting is enabled.

Bit 2—Transmit End Interrupt Enable (TEIE): Enables or disables transmit-end interrupt
(TEI) request generation if thereis no valid transmit datain TDR when the MSB is transmitted.

Bit 2

TEIE Description

0 Transmit-end interrupt (TEI) request disabled” (Initial value)
1 Transmit-end interrupt (TEI) request enabled®

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then
clearing it to 0 and clearing the TEND flag to O, or clearing the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEQ): These hits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEQ hits determines whether the SCK pin functions as an /O port, the serial clock output pin, or
the serial clock input pin.

The setting of the CKEO bit, however, isonly valid for internal clock operation (CKE1 =0) in
asynchronous mode. The CKEOQ bit setting isinvalid in synchronous mode, and in the case of
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external clock operation (CKEL = 1). The setting of bits CKE1 and CKEO must be carried out
before the SCI’ s operating mode is determined using SMR.

For details of clock source selection, see table 15.9 in section 15.3, Operation.

Bit 1 Bit 0
CKE1l CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as I/O port™*
Synchronous mode Internal clock/SCK pin functions as serial clock
output™*
1 Asynchronous mode Internal clock/SCK pin functions as clock output™?
Synchronous mode Internal clock/SCK pin functions as serial clock
output
1 0 Asynchronous mode External clock/SCK pin functions as clock input®*
Synchronous mode External clock/SCK pin functions as serial clock
input
1 Asynchronous mode External clock/SCK pin functions as clock input**
Synchronous mode External clock/SCK pin functions as serial clock
input

Notes: 1. Initial value
2. Outputs a clock of the same frequency as the bit rate.
3. Inputs a clock with a frequency 16 times the bit rate.

15.2.7 Serial Status Register (SSR)

Bit 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value 1 0 0 0 0 1 0 0
Read/Write  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: * Only O can be written, to clear the flag.

SSRis an 8-hit register containing status flags that indicate the operating status of the SCI, and
multiprocessor hits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.
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SSRisinitialized to H'84 by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR to TSR and the next serial data can be written to TDR.

Bit 7
TDRE Description
0 [Clearing conditions]

«  When 0 is written in TDRE after reading TDRE = 1
e When the DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
*  When the TE bitin SCRis 0
¢ When data is transferred from TDR to TSR and data can be written to TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that the received datais stored in RDR.

Bit 6

RDRF Description

0 [Clearing conditions] (Initial value)
¢ When 0 is written in RDRF after reading RDRF = 1
e When the DTC is activated by an RXI interrupt and reads data from RDR

1 [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Note: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR is cleared to 0.
If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.
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Bit 5—Overrun Error (ORER): Indicates that an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)**
When 0 is written in ORER after reading ORER = 1

1 [Setting condition]
When the next serial reception is completed while RDRF = 1**

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bit in SCR is

cleared to 0.

. The receive data prior to the overrun error is retained in RDR, and the data received

subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In synchronous mode, serial transmission cannot be continued,
either.

Bit ——Framing Error (FER): Indicates that aframing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

FER Description

0 [Clearing condition] (Initial value)**
When 0 is written in FER after reading FER = 1

1 [Setting condition]
When the SCI checks the stop bit at the end of the receive data when reception ends,
and the stop bit is 0*°

Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR is

cleared to 0.

In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDRF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In synchronous mode, serial transmission cannot be continued,
either.
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Bit 3—Parity Error (PER): Indicates that a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)**
When 0 is written in PER after reading PER = 1

1 [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit does not
match the parity setting (even or odd) specified by the O/E bit in SMR*?

Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR is

cleared to 0.

If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In synchronous mode, serial transmission cannot be continued, either.

Bit 2—Transmit End (TEND): Indicatesthat thereis no valid datain TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]
¢ When 0 is written in TDRE after reading TDRE = 1
e When the DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)

*  When the TE bitin SCR is 0
* When TDRE = 1 at transmission of the last bit of a 1-byte serial transmit character
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Bit 1—Multiprocessor Bit (MPB): When reception is performed using a multiprocessor format
in asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB isaread-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)®
When data with a 0 multiprocessor bit is received

1 [Setting condition]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.

Bit 0—Multiprocessor Bit Transfer (MPBT): When transmission is performed using a
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT bit setting isinvalid when a multiprocessor format is not used, when not transmitting,
and in synchronous mode.

Bit 0

MPBT Description

0 Data with a 0 multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted
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15.2.8 Bit Rate Register (BRR)

Bit 7 6 5 4 3 2 1 0

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

BRR isan 8-bit register that setsthe serial transfer bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CKS0 in SMR.

BRR can be read or written to by the CPU at all times.

BRRisinitialized to H'FF by areset, and in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 15.3 shows sample BRR settings in asynchronous mode, and table 15.4 shows sample BRR
settings in synchronous mode.
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Table 15.3 BRR Settingsfor Various Bit Rates (Asynchronous M ode)

Operating Frequency @ (MHz)

@=2MHz @= 2.097152 MHz @=2.4576 MHz @=3MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 003 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 016 1 108 021 1 127 0.00 1 155 0.16
300 0 207 016 O 217 021 O 255 0.00 1 77 0.16
600 0 103 016 O 108 021 O 127 0.00 O 155 0.16
1200 0 51 016 O 54 -0.70 0 63 0.00 O 77 0.16
2400 0 25 016 O 26 1.14 O 31 0.00 O 38 0.16
4800 0 12 016 O 13 -2.48 0 15 0.00 O 19 -2.34
9600 — — — 0 6 —-2.48 0 7 0.00 O 9 —-2.34
19200 — — — — — — 0 3 0.00 O 4 —-2.34
31250 0 1 0.00 — — — — — — 0 2 0.00
38400 — — — — — — 0 1 0.00 — — —

Operating Frequency @ (MHz)
@=3.6864 MHz @=4MHz @=4.9152 MHz @=5MHz

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 003 2 86 031 2 88 -0.25
150 1 191 000 1 207 016 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 016 1 127 0.00 1 129 0.16
600 0 191 000 O 207 016 O 255 0.00 1 64 0.16
1200 0 95 0.00 O 103 016 O 127 0.00 O 129 0.16
2400 0 47 0.00 O 51 016 O 63 0.00 O 64 0.16
4800 0 23 0.00 O 25 016 O 31 0.00 O 32 -1.36
9600 0 11 000 O 12 016 O 15 0.00 O 15 1.73
19200 0 5 0.00 — — — 0 7 0.00 O 7 1.73
31250 — — — 0 3 0.00 O 4 -1.70 O 4 0.00
38400 0 2 0.00 — — — 0 3 0.00 O 3 1.73
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Operating Frequency @ (MHz)

@=6 MHz @=6.144 MHz @=7.3728 MHz ¢®=8MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 —0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 016 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 016 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 016 O 159 0.00 O 191 0.00 O 207 0.16
2400 0 77 016 O 79 0.00 O 95 0.00 O 103 0.16
4800 0 38 016 O 39 000 O 47 0.00 O 51 0.16
9600 0 19 -234 0 19 0.00 O 23 0.00 O 25 0.16
19200 0 9 -234 0 9 0.00 O 11 0.00 O 12 0.16
31250 0 5 0.00 O 5 240 — — — 0 7 0.00
38400 0 4 -234 0 4 0.00 O 5 0.00 — — —
Operating Frequency @ (MHz)

@=9.8304 MHz =10 MHz =12 MHz @=12.288 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 003 2 217  0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 016 1 155 016 1 159 0.00
1200 0 255 0.00 1 64 016 1 77 016 1 79 0.00
2400 0 127 0.00 O 129 016 O 155 016 O 159  0.00
4800 0 63 000 O 64 016 O 77 016 O 79 0.00
9600 0 31 0.00 O 32 -1.36 0 38 016 O 39 0.00
19200 0 15 0.00 O 15 173 0 19 -2.34 0 19 0.00
31250 0 9 -1.70 0 9 0.00 O 11 0.00 O 11 2.40
38400 0 7 0.00 O 7 173 0 9 -2.34 0 9 0.00
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Operating Frequency @ (MHz)

¢=14 MHz @=14.7456 MHz @=16 MHz ¢=17.2032 MHz
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 070 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191  0.00 2 207 016 2 223  0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 016 1 191 000 1 207 016 1 223  0.00
1200 1 90 016 1 95 0.00 1 103 016 1 111 0.00
2400 0 181 016 O 191 000 O 207 016 O 223  0.00
4800 0 90 016 O 95 0.00 O 103 016 O 111 0.00
9600 0 45 -093 0 47 0.00 O 51 016 O 55 0.00
19200 0 22 -093 0 23 0.00 O 25 016 O 27 0.00
31250 0 13 0.00 O 14 -1.70 O 15 0.00 O 16 1.20
38400 — — — 0 11 0.00 O 12 016 O 13 0.00

Operating Frequency @ (MHz)

@= 18 MHz @= 19.6608 MHz @= 20 MHz
Bit Rate Error Error Error
(bits/s) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 031 3 88 -0.25
150 2 233 0.16 2 255 0.00 3 64 0.16
300 2 116 0.16 2 127 000 2 129 0.16
600 1 233 016 1 255 0.00 2 64 0.16
1200 1 116 016 1 127 0.00 1 129 0.16
2400 0 233 016 O 255 0.00 1 64 0.16
4800 0 116 016 O 127 0.00 O 129 0.16
9600 0 58 -0.69 0 63 0.00 O 64 0.16
19200 0 28 1.02 O 31 0.00 O 32 -1.36
31250 0 17 0.00 O 19 -1.70 0 19 0.00
38400 0 14 -2.34 0 15 000 O 15 1.73
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Table15.4 BRR Settingsfor Various Bit Rates (Synchronous Mode)

Operating Frequency @ (MHz)

®=2MHz @®=4MHz @®=8 MHz @=10 MHz =16 MHz @®=20 MHz

Bit Rate

(bits/s) n N n N n N n N n N n N
110 3 70 — —

250 2 124 2 249 3 124 — — 3 249

500 1 249 2 124 2 249 — — 3 124 — —
1k 1 124 1 249 2 124 — — 2 249 — —
25k 0 199 1 99 1 199 1 249 2 99 2 124
5k 0 99 0 199 1 99 1 124 1 199 1 249
10k 0 49 0 99 0 199 0 249 1 99 1 124
25k 0 19 0 39 0 79 0 99 0 159 0 199
50 k 0 9 0 19 0 39 0 49 0 79 0 99
100 k 0 4 0 9 0 19 0 24 0 39 0 49
250 k 0 1 0 3 0 7 0 9 0 15 0 19
500 k 0 0" 0 1 0 3 0 4 0 7 0 9
1M 0 0" 0 1 0 3 0 4
25M 0 0" 0 1
5M 0 0"
Legend:

Blank: Cannot be set.
—: Can be set, but there will be a degree of error.
*: Continuous transfer is not possible.

Note: As far as possible, the setting should be made so that the error is no more than 1%.

Rev. 4.00 Sep 27,2006 page 445 of 1130
REJ09B0327-0400

RENESAS



Section 15 Serial Communication Interface (SCI, IrDA)

The BRR setting is found from the following equations.
Asynchronous mode:

_ ¢ 6

= x10°-1
64 x 221 x B

Synchronous mode:

:#xlOG_
8x22r‘|—le

Where B: Bit rate (bitg/s)

N: BRR setting for baud rate generator (0 < N < 255)

@ Operating frequency (MHz)

n: Baud rate generator input clock (n=0to 3)

(See the table below for the relation between n and the clock.)

SMR Setting

n Clock CKS1 CKSO0

0 @ 0 0

1 @4 0 1

2 @16 1 0

3 @64 1 1

The bit rate error in asynchronous mode is found from the following equation:

@ x 108

Error (%) =
) E{N+1)xBx64x22”1

0
) x 100
0
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Table 15.5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 15.6

and 15.7 show the maximum bit rates with external clock input.

Table15.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

¢ (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
49152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
19.6608 614400 0 0
20 625000 0 0
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Table15.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
19.6608 4.9152 307200
20 5.0000 312500
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Table15.7 Maximum Bit Rate with External Clock Input (Synchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3

1529 Serial Interface Mode Register (SCMR)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | SDIR | SINV | — | SMIF ‘
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W R/W — R/W

SCMR is an 8-bit readable/writable register used to select SCI functions.

SCMRisinitialized to H'F2 by areset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.

Bit 3—Data Transfer Direction (SDIR): Selectsthe seria/parallel conversion format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first
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Bit 2—Data Invert (SINV): Specifiesinversion of the datalogic level. The SINV bit does not
affect the logic level of the parity bit(s): parity bit inversion requires inversion of the O/E bit in
SMR.

Bit 2

SINV Description

0 TDR contents are transmitted without modification (Initial value)
Receive data is stored in RDR without modification

1 TDR contents are inverted before being transmitted

Receive data is stored in RDR in inverted form

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

Bit 0—Serial Communication Interface Mode Select (SMIF): Reserved hit. 1 should not be
written in this bit.

Bit 0

SMIF Description

0 Normal SCI mode (Initial value)
1 Reserved mode

15.2.10 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

Initalvaluoe o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W RW R/W RW RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR, comprising two 8-bit readable/writable registers, performs module stop mode control.
When bit MSTP7, MSTP6, or MSTP5 is set to 1, SCI0, SCI1, or SCI2 operation, respectively,
stops at the end of the bus cycle and atransition is made to module stop mode. For details, see
section 25.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bit 7—Module Stop (M STP7): Specifies the SCI0 module stop mode.

MSTPCRL

Bit 7

MSTP7 Description

0 SCI0 module stop mode is cleared

1 SCI0 module stop mode is set (Initial value)

Bit 6—Module Stop (M STP6): Specifies the SCI1 module stop mode.

MSTPCRL

Bit 6

MSTP6 Description

0 SCI1 module stop mode is cleared

1 SCI1 module stop mode is set (Initial value)

Bit 5—Module Stop (M STP5): Specifies the SCI2 module stop mode.
MSTPCRL

Bit 5
MSTP5 Description

0 SCI2 module stop mode is cleared

1 SCI2 module stop mode is set (Initial value)
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15.2.11 Keyboard Comparator Control Register (KBCOMP)

Bit 7 6 5 4 3 2 1 0
| e | wcks2 | rckst | irckso | KBADE | KBCH2 | KBCHI | KBCHO |
Initial value 0 0 0 0 0 0 0 0

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

KBCOMP is an 8-bit readable/writable register that selects the functions of SCI2 and the A/D
converter.

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

Bit 7—IrDA Enable (IrE): Specifies normal SCI operation or IrDA operation for SCI2
input/output.

Bit 7

IrE Description

0 The TxD2/IrTxD and RxD2/IrRxD pins function as TxD2 and RxD2 (Initial value)
1 The TxD2/IrTxD and RxD2/IrRxD pins function as IrTxD and IrRxD

Bits 6 to 4—IrDA Clock Select 2to 0 (IrCKS2to Ir CK S0): These bits specify the high pulse
width in IrTxD output pulse encoding when the IrDA function is enabled.

Bit 6 Bit 5 Bit 4
IrCKS2 IrCKS1 IrCKS0 Description
0 0 0 B x 3/16 (3/16 of the bit rate) (Initial value)
1 @2
1 0 @4
1 @8
1 0 0 @16
1 @32
1 0 @64
1 @128

Bits 3 to 0—K eyboard Comparator Control: See the description in section 20, A/D converter.
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15.3 Operation

15.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or synchronous mode and the transmission format is made using SMR
as shown in table 15.8. The SCI clock is determined by a combination of the C/A bitin SMR and
the CKE1 and CKEOQ bitsin SCR, as shown in table 15.9.

Asynchronous Mode:

» Datalength: Choice of 7 or 8 bits

» Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

» Detection of framing, parity, and overrun errors, and breaks, during reception
» Choice of internal or external clock as SCI clock source
O When internal clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequency as
the bit rate can be output

0O When externa clock is selected:

A clock with afrequency of 16 times the bit rate must be input (the built-in baud rate
generator is not used)

Synchronous Mode;

e Transfer format: Fixed 8-bit data
« Detection of overrun errors during reception
e Choice of internal or externa clock as SCI clock source
O When internal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
0 When external clock is selected:
The built-in baud rate generator is not used, and the SCI operates on the input serial clock
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Table15.8 SMR Settingsand Serial Transfer Format Selection

SMR Settings SCI Transfer Format
Bit7 Bit6 Bit2 Bit5 Bit3 Multi- . .
_ Data processor Parity  Stop Bit
C/IA CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bitdata No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 — 0 Asynchronous 8-bitdata  Yes No 1 bit
_ 1 mode (multi- 2 bits
processor format) ———
1 — 0 7-bit data 1 bit
— 1 2 bits
1 — — — — Synchronous mode 8-bit data No None

Table15.9 SMR and SCR Settingsand SCI Clock Source Selection

SMR SCR Setting SCI Transfer Clock
Blt_7 Bit 1 Bit 0 Clock
C/IA CKE1 CKEO Mode Source SCK Pin Function
0 0 0 Asynchronous  Internal SCI does not use SCK pin
1 mode Outputs clock with same frequency as bit
rate
1 0 External Inputs clock with frequency of 16 times
1 the bit rate
1 0 0 Synchronous Internal Outputs serial clock
1 mode
1 0 External Inputs serial clock
1
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15.3.2 Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating the
start of communication and followed by one or two stop bits indicating the end of communication.
Serial communication is thus carried out with synchronization established on a character-by-
character basis.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and the receiver also have a double-buffered structure, so
that data can be read or written during transmission or reception, enabling continuous data
transfer.

Figure 15.2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission lineis usualy held in the mark state (high
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data (in LSB-
first order), a parity bit (high or low level), and finally one or two stop bits (high level).

In asynchronous mode, the SCI performs synchronization at the falling edge of the start bit in
reception. The SCI samples the data on the 8th pulse of a clock with afrequency of 16 timesthe
length of one bit, so that the transfer datais latched at the center of each bit.

Idle state
(mark state)

1 LSB MSB 1

dsstf;a' 0O |DO| D1 |D2|D3|D4|D5|D6|D7 |01 |1 1

Start Parity| Stop bit(s)
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bit, lor

ornone 2 bits

One unit of transfer data (character or frame)

A
Y

Figure 15.2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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Data Transfer Format

Table 15.10 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected by settingsin SMR.

Table 15.10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR PE MP sSTop |1 |2 |3 |4 |5 6/|7]|8|9 10 11 12]

0 0 0 0 s | 8-bit data sTop

0 0 0 1 ‘ S ’ 8-bit data ‘STOP‘STOP

0 1 0 0 \ s | 8-bit data | P [sTop

0 1 0 1 ‘ S ‘ 8-bit data ‘ P ‘STOP‘STOP
1 0 0 0 ‘ S ‘ 7-bit data ‘STOP

1 0 0 1 ‘ S ‘ 7-bit data ‘STOP‘STOP

1 1 0 0 ‘ S ‘ 7-bit data ‘ P ‘STOP

1 1 0 1 ‘ S ‘ 7-bit data ‘ P ‘STOP‘STOP

0 — 1 0 ‘ S ‘ 8-bit data ‘MPB‘STOP

0 — 1 1 ‘ S ‘ 8-bit data ‘MPB‘STOP‘STOP
1 — 1 0 ‘ S ‘ 7-bit data ‘MPB ‘STOP

1 — 1 1 ‘ S ‘ 7-bit data ‘MPB‘STOP‘STOP
Legend:

S: Start bit

STOP: Stop bit

P: Parity bit

MPB: Multiprocessor bit

Rev. 4.00 Sep 27,2006 page 456 of 1130
REJ09B0327-0400
RENESAS



Section 15 Serial Communication Interface (SCI, IrDA)

Clock

Either an internal clock generated by the built-in baud rate generator or an external clock input at
the SCK pin can be selected as the SCI’s serial clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEO bitsin SCR. For details of SCI clock source selection, see table
15.9.

When an external clock isinput at the SCK pin, the clock frequency should be 16 times the bit rate
used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this caseis equal to the bit rate, and the phase is such that the
rising edge of the clock is at the center of each transmit data bit, as shown in figure 15.3.

JuUuyuyuyuyy

0 DO | D1 D2 D3 D4 | D5 | D6 D7 | 0/1 1 1

1 frame

A

-
-

Figure 15.3 Relation between Output Clock and Transfer Data Phase
(Asynchronous M ode)

Data Transfer Operations

SCI Initialization (Asynchronous Mode): Before transmitting and receiving data, first clear the
TE and RE bitsin SCR to 0, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to 0, the
TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE hit to 0 does not change the
contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

When an external clock is used the clock should not be stopped during operation, including
initialization, since operation is uncertain.
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Figure 15.4 shows a sample SCI initialization flowchart.

< Start initialization > [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
‘ TEIE, and MPIE, and bits TE and

| Clear TE and RE bits in SCR 0 0 | RE, to 0.
‘ When the clock is selected in
Set CKE1 and CKEQO bits in SCR L asynchronous mode, it is output
(TE, RE bits 0) (1 immediately after SCR settings are
made.

Set data transfer format in

[2] Setthe data transfer format in SMR

SMR and SCMR 2] and SCMR.
| [3] Write a value corresponding to the
Set value in BRR 3] bit rate to BRR. This is not
necessary if an external clock is
- Wai used.
No [4] Wait at least one bit interval, then
1-bit interval elapsed? set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
Yes MP'E bItS
Setting the TE and RE bits enables
Set TE and RE bits in the TxD and RxD pins to be used.
SCRto 1, and set RIE, TIE, TEIE, [4]
and MPIE bits

<Initialization completed>

Figure 15.4 Sample SCI Initialization Flowchart
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Serial Data Transmission (Asynchronous Mode): Figure 15.5 shows a sample flowchart for
seria transmission.

The following procedure should be used for seria data transmission.

‘ Initialization | [ [1] SClinitialization:

‘ The TxD pin is automatically
designated as the transmit data
output pin.

I —— After the TE bitis setto 1, one

| Read TDRE flag in SSR | 2] frame of 1s is output and
transmission is enabled.

( Start transmission

No [2] SCI status check and transmit data
write:
Read SSR and check that the

Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the

Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSR to 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR, and then
- 3] clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
Read TEND flag in SSR automatic when the DTC is

activated by a transmit-data-empty
interrupt (TXI) request, and data is
written to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
[4] transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Break output?

Clear DR to 0 and
set DDR to 1

—

Clear TE bitin SCR to 0

<End>

Figure15.5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if it is O, recognizes that data has been written to

TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at thistime, atransmit data empty interrupt (TXI) is generated.
The serial transmit data is sent from the TXD pin in the following order.

a

Start bit:

One 0-bit is output.

Transmit data:

8-hit or 7-bit dataiis output in LSB-first order.

Parity bit or multiprocessor bit:

One parity bit (even or odd parity), or one multiprocessor bit is output.

A format in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

Stop bit(s):

One or two 1-bits (stop bits) are output.

Mark state:

1isoutput continuously until the start bit that starts the next transmission is sent.

3. The SCI checksthe TDRE flag at the timing for sending the stop bit.

If the TDRE flag is cleared to 0, the datais transferred from TDR to TSR, the stop bit is sent,

and then serial transmission of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSRis set to 1, the stop bit is sent, and then the
mark stateis entered in which 1 is output continuoudly. If the TEIE bitin SCRisset to 1 at this

time, a TEI interrupt request is generated.

Figure 15.6 shows an example of the operation for transmission in asynchronous mode.
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Start Data Parity Stop Start Data Parity Stop
1 bit % bit bit  bit % bit bit 1
) )
0o | po| b1 p7 o1 | 1 | o | po | b1 D7 | on Idle state
(mark state)

((
))

TDRE ! . 3
I ) 7 [
TEND ! (« L
; ) ) 1
TXI interrupt Data written to TDR and TXI interrupt )
request generated TDRE flag cleared to 0 in request generated TEl interrupt

TXI interrupt handling routine request generated

1 frame

Figure15.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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Serial Data Reception (Asynchronous Mode): Figure 15.7 shows a sample flowchart for serial
reception.

The following procedure should be used for serial data reception.

| Initialization | 1] [1] SCl initialization:
I The RxD pin is automatically
( . ) designated as the receive data
Start reception . .
input pin.

—
|

[2] [3] Receive error handling and
break detection:
Read ORER, PER, and 2] If a receive error occurs, read the
FER flags in SSR ORER, PER, and FER flags in
SSR to identify the error. After
performing the appropriate error
handling, ensure that the ORER,
[3] PER, and FER flags are all
cleared to 0. Reception cannot
( Error handling ) be resumed if any of these flags
are set to 1. In the case of a
framing error, a break can be
Read RDRF flag in SSR | [4] detected by reading the value of
the input port corresponding to
the RxD pin.

Yes
PER OFER OORER =17

(Continued on next page)

No
[4] SCI status check and receive

data read :
Yes Read SSR and check that RDRF
=1, then read the receive data in
Read receive data in RDR, and RDR and clear the RDRF flag to
clear RDRF flag in SSR to 0 0. Transition of the RDRF flag
from 0 to 1 can also be identified
by an RXI interrupt.

5] [5] Serial reception continuation
procedure:
To continue serial reception,
before the stop bit for the current
frame is received, read the
RDRF flag, read RDR, and clear
the RDREF flag to 0. The RDRF
<End> flag is cleared automatically
when the DTC is activated by an
RXI interrupt and the RDR value
is read.

All data received?

Clear RE bitin SCRto 0

Figure15.7 Sample Serial Reception Data Flowchart
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(3]

< Error handling >

No
ORER =17

Yes

Overrun error handling

-
-

No
Break?

Yes

Y
Framing error handling | | Clear RE bitin SCR to 0

—
|

No
PER =17

Yes

Parity error handling

-
|

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure15.7 Sample Serial Reception Data Flowchart (cont)
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In serial reception, the SCI operates as described below.

1. The SCI monitorsthe transmission line, and if a0 stop bit is detected, performs internal
synchronization and starts reception.

2. Thereceived datais stored in RSR in LSB-to-M SB order.

3. The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks.

a. Parity check:

The SCI checks whether the number of 1 bitsin the receive data agrees with the parity
(even or odd) set in the O/E bit in SMR.

b. Stop bit check:

The SCI checks whether the stop bit is 1.

If there are two stop hits, only the first is checked.
c. Status check:

The SCI checks whether the RDRF flag is 0, indicating that the receive data can be
transferred from RSR to RDR.

If al the above checks are passed, the RDRF flag is set to 1, and the receive datais stored in
RDR.

If areceive error” is detected in the error check, the operation is as shown in table 15.11.

Note: * Subsequent receive operations cannot be performed when areceive error has occurred.
Also note that the RDRF flag is not set to 1 in reception, and so the error flags must be
cleared to O.

4. If the RIE bitin SCR is set to 1 when the RDRF flag changesto 1, areceive-data-full interrupt
(RXI) request is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER, PER, or FER flag changesto 1, a
receive-error interrupt (ERI) request is generated.
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Table 15.11 Receive Errorsand Conditionsfor Occurrence

Receive Error Abbreviation  Occurrence Condition Data Transfer

Overrun error ORER When the next data reception is Receive data is not
completed while the RDRF flag transferred from RSR to
in SSRis setto 1 RDR

Framing error FER When the stop bit is 0 Receive data is transferred

from RSR to RDR

Parity error PER When the received data differs  Receive data is transferred
from the parity (even or odd) set from RSR to RDR
in SMR

Figure 15.8 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit (( bit  bit  bit (( bit  bit 1
) )
o | bo| b1 o7 o1 | 1 | o | po | b1 D7 | oin | 0 | !dlestate
(mark state)

(C
) A

RDR data read and RDRF

flag cleared to 0 in RXI ERI interrupt request

interrupt handling routine generated by framing
error

RXI interrupt
request
generated

f 1 frame !

Figure 15.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
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15.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using a
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in asynchronous
mode. Use of this function enables data transfer to be performed among a number of processors
sharing transmission lines.

When multiprocessor communication is carried out, each receiving station is addressed by a
unique 1D code.

The serial communication cycle consists of two component cycles: an ID transmission cycle
which specifies the receiving station, and a data transmission cycle. The multiprocessor bit is used
to differentiate between the ID transmission cycle and the data transmission cycle.

The transmitting station first sendsthe ID of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as data
with a0 multiprocessor bit added.

The receiving station skips the data until data with a 1 multiprocessor bit is sent.

When data with a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose | D matches then receives the data sent next. Stations whose ID does
not match continue to skip the data until data with a1 multiprocessor hit is again received. In this
way, data communication is carried out among a number of processors.

Figure 15.9 shows an example of inter-processor communication using a multiprocessor format.

Data Transfer Format
There are four data transfer formats.
When a multiprocessor format is specified, the parity bit specification isinvalid.

For details, see table 15.10.

Clock

See the section on asynchronous mode.
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Transmitting
station
Y Serial communication line
! ! ' 1
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID =02) (ID =03) (ID =04)
Serial
data [ T i 7Y
} (MPB = 1) (MPB =0):
ID transmission cycle: Data transmission cycle:
receiving station data transmission to
specification receiving station specified
by ID
Legend:

MPB: Multiprocessor bit

Figure15.9 Example of Inter-Processor Communication Using Multiprocessor For mat

(Transmission of Data H'AA to Receiving Station A)

Data Transfer Operations

Multiprocessor Serial Data Transmission: Figure 15.10 shows a sample flowchart for

multiprocessor serial data transmissio

n.

The following procedure should be used for multiprocessor serial data transmission.
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‘ Initialization | (1] [1] SClinitialization:
I The TxD pin is automatically
. designated as the transmit data
( Start transmission > .
output pin.
}47 After the TE bit is set to 1, one
| Read TDRE flag in SSR | [z  frameof 1sis output and
transmission is enabled.
No [2] scI status check and transmit
data write:
Read SSR and check that the
Yes TDRE flag is set to 1, then write
transmit data to TDR. Set the
Write transmit data to TDR and MPBT bit in SSR to 0 or 1.
set MPBT bit in SSR Finally, clear the TDRE flag to 0.

\ [3] Serial transmission continuation
Clear TDRE flag to O Pfocedl!rei ) o
To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is

All data transmitted? (3] possible, then write data to TDR,
and then clear the TDRE flag to
Yes 0. Checking and clearing of the

- TDRE flag is automatic when the

DTC is activated by a transmit-
data-empty interrupt (TXI)
request, and data is written to
TDR.

Read TEND flag in SSR

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set the port DDR to
[4] 1, clear DR to 0, then clear the
TE bitin SCR to 0.

Break output?

Clear DR to 0 and set DDR to 1

Clear TE bitin SCRto 0

}4

<End>

Figure15.10 Sample Multiprocessor Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if it is O, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at thistime, atransmit-data-empty interrupt (TXI) is generated.
The serial transmit data is sent from the TXD pin in the following order.

a Start bit:
One 0-bit is output.
b. Transmit data:
8-hit or 7-bit dataiis output in LSB-first order.
¢. Multiprocessor bit
One multiprocessor bit (MPBT value) is output.
d. Stop bit(s):
One or two 1-bits (stop bits) are output.
e. Mark state:
1isoutput continuously until the start bit that starts the next transmission is sent.

3. The SCI checksthe TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, the stop bit is sent, and
then serial transmission of the next frameis started.

If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the
mark stateis entered in which 1 is output continuously. If the TEIE bit in SCRisset to 1 at this
time, atransmit-end interrupt (TEI) request is generated.

Figure 15.11 shows an example of SCI operation for transmission using a multiprocessor format.
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Multi-
proce- Multi-
Start Data ssor Stop Start Data proces- Stop
1 bit « bit  bit bit (« sor bit bit 1
) )
0 | Do | D1 D7 | 01| 1 | 0o | DO | D1 D7 | o/1 | 1 Idlestate
( ( (mark state)
; ) ! )
: L
| )
TDRE ! « |
I / 7 I
TEND 1 (« L
: ) ) 1
TXI interrupt Data written to TDR TXI interrupt
request and TDRE flag cleared to request generated TEl interrupt
generated ! 0 in TXI interrupt handling ‘ request generated

|

|
| routine !
| |
| |
| |
| |
! 1 frame !

Figure15.11 Example of SCI Operation in Transmission
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)

Multiprocessor Serial Data Reception: Figure 15.12 shows a sample flowchart for
multiprocessor serial reception.

The following procedure should be used for multiprocessor serial data reception.
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’ Initialization ‘ | [1] SCl initialization:

‘ The RxD pin is automatically
C Start reception ) designated as the receive data
input pin.

>
’ Read MPIE bit in SCR ‘ 2] [2] ID reception cycle:

I Set the MPIE bit in SCR to 1.

’ Read ORER and FER flags in SSR

[3] SCI status check, ID reception
and comparison:
Read SSR and check that the
RDREF flag is set to 1, then read
the receive data in RDR and
compare it with this station’s ID.
If the data is not this station’s ID,

No set the MPIE bit to 1 again, and

clear the RDRF flag to 0.

If the data is this station’s ID,

Yes
FER OORER =17

’ Read RDRF flag in SSR ‘ [3]

Yes clear the RDRF flag to 0.
Read receive data in RDR [4] SCI status check and data
reception:

Read SSR and check that the
RDREF flag is set to 1, then read
the data in RDR.

This station’s ID?

les [5] Receive error handling and break
— detection:
Read ORER and FER flags in SSR If a receive error occurs, read the
ORER and FER flags in SSR to
Yes identify the error. After

FER OORER =17

performing the appropriate error
handling, ensure that the ORER
and FER flags are both cleared
Read RDRF flag in SSR (4] ©00. _
Reception cannot be resumed if
either of these flags is set to 1.

In the case of a framing error, a
break can be detected by reading
Yes the RxD pin value.

No

Read receive data in RDR ‘

All data received?

y BB

Error handling

(Continued on
next page)

Clear RE bitin SCR to 0

<End>

Figure15.12 Sample Multiprocessor Serial Reception Flowchart
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[5] (

Error handling )

No

ORER =17

Yes

Overrun error handling

Yes
Break?

No

y

Framing error handling ‘ ’ Clear RE bitin SCR to 0

| ‘

- |

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 15.12

Sample Multiprocessor Serial Reception Flowchart (cont)
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Figure 15.13 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop Start Data (Datal) Stop
1 bit % MPB  bit bit [« MPB  bit 1
) )
0 DO | D1 D7 1 1 0 DO | D1 D7 0 1 |dle state

5 { (mark state)

MPIE
RDRF [« («
) / / ) A
RDR X D1
value
MPIE=0 RXl interrupt RDR data read If not this station’s ID, RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated handling routine
(a) Data does not match station’s ID
Start Data (ID2) Stop Start Data (Data2) Stop
1 bit % MPB  bit bit [« MPB  bit 1
)) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 lIdle state
{ { (mark state)
MPIE | [«
)) i
RDRF (« («
) / / )
RDR
value ID1 X ID2 X Data2
MPIE=0 RXl interrupt RDR data read and Matches this station’s ID, MPIE bit set to 1
request RDREF flag cleared  so reception continues, and again
(multiprocessor to 0 in RXI interrupt  data is received in RXI
interrupt) handling routine interrupt handling routine
generated

(b) Data matches station’s ID

Figure 15.13 Example of SCI Operation in Reception
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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15.3.4  Operation in Synchronous Mode

In synchronous mode, datais transmitted or received in synchronization with clock pulses, making
it suitable for high-speed serial communication.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication by use of acommon clock. Both the transmitter and the receiver also have a
double-buffered structure, so that data can be read or written during transmission or reception,
enabling continuous data transfer.

Figure 15.14 shows the general format for synchronous serial communication.

One unit of transfer data (character or frame)

Serial
clock ‘ ‘

. LsB MSB '

sstr;al ) ><Bito><Bit1><Bit2><Bit3><Bit4><Bit5><Bit6><Bit7><A
" ot

Don't care Don't care

Note: * High except in continuous transfer

Figure 15.14 Data Format in Synchronous Communication

In synchronous serial communication, data on the transmission line is output from one falling edge
of the serial clock to the next. Datais guaranteed valid at the rising edge of the serial clock.

In synchronous serial communication, one character consists of data output starting with the LSB
and ending with the MSB. After the MSB is output, the transmission line holds the MSB state.

In synchronous mode, the SCI receives data in synchronization with the rising edge of the serial
clock.

Data Transfer Format
A fixed 8-bit dataformat is used.

No parity or multiprocessor bits are added.
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Clock

Either an internal clock generated by the built-in baud rate generator or an external serial clock
input at the SCK pin can be selected, according to the setting of the C/A bit in SMR and the CKE1
and CKEOQ hitsin SCR. For details on SCI clock source selection, see table 15.9.

When the SCI is operated on an internal clock, the serial clock is output from the SCK pin.

Eight serial clock pulses are output in the transfer of one character, and when no transfer is
performed the clock is fixed high. When only receive operations are performed, however, the
serial clock is output until an overrun error occurs or the RE bit is cleared to 0. To perform receive
operations in units of one character, select an external clock as the clock source.

Data Transfer Operations

SCI Initialization (Synchronous M ode): Before transmitting and receiving data, first clear the
TE and RE bitsin SCR to 0, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to O, the
TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE bit to 0 does not change the
settings of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

Figure 15.15 shows a sample SCI initialization flowchart.
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C Start initialization

)

| Clear TE and RE bits in SCR to 0 |

Set CKE1 and CKEO bits in SCR
(TE, RE bits 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

(1]

(2]

(3]

1-bit interval elapsed?

Set TE and RE bits in SCR to 1, and
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

No

(4

(1]

(2]

(3]

(4]

Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE, to O.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the bit
rate to BRR. This is not necessary if an
external clock is used.

Wait at least one bit interval, then set
the TE bit or RE bit in SCR to 1.

Also set the RIE, TIE, TEIE, and MPIE
bits.

Setting the TE and RE bits enables the
TxD and RxD pins to be used.

Note: In simultaneous transmit and receive operations, the TE bit and RE bit should both be cleared

to 0 or set to 1 simultaneously.

Figure15.15 Sample SCI Initialization Flowchart
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Serial Data Transmission (Synchronous Mode): Figure 15.16 shows a sample flowchart for
seria transmission.

The following procedure should be used for seria data transmission.

| Initialization | ] [1] SClinitialization:
‘ The TxD pin is automatically
C Start transmission > designated as the transmit data output
pin.
-—————————————————
| Read TDRE flag in SSR | 2] [2] SCI status check and transmit data
write:
Read SSR and check that the TDRE
No flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to O.
ves [3] Serial transmission continuation

procedure:

To continue serial transmission, be

sure to read 1 from the TDRE flag to

confirm that writing is possible, then

write data to TDR, and then clear the
(3] TDRE flag to 0.
Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit-data-empty
Read TEND flag in SSR interrupt (TXI) request and data is
written to TDR.

Write transmit data to TDR and
clear TDRE flag in SSR to 0

All data transmitted?

Yes

o

No

Yes

Clear TE bitin SCRto 0

<End>

Figure15.16 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1

4.

The SCI monitorsthe TDRE flag in SSR, and if it is 0, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at thistime, a transmit-data-empty interrupt (TXI) is
generated.

When clock output mode has been set, the SCI outputs 8 serial clock pulses. When use of an
external clock has been specified, datais output synchronized with the input clock.

The serial transmit datais sent from the TxD pin starting with the LSB (bit 0) and ending with
the MSB (bit 7).

The SCI checks the TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and serial transmission
of the next frame is started.

If the TDRE flag isset to 1, the TEND flag in SSR is set to 1, the MSB (bit 7) is sent, and the
TxD pin maintains its state.

If the TEIE bitin SCRisset to 1 at thistime, atransmit-end interrupt (TEI) request is
generated.

After completion of serial transmission, the SCK pinisheld in aconstant state.

Figure 15.17 shows an example of SCI operation in transmission.
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Transfer direction

somons [ L L L L
Serial data X Bito X Bit1 >C X Bit7 X Bito X Bit1 ><:§ Bit 7

! | («

‘ )]

TDRE ¥
1 A R [ ——
TEND
(( ((
) T ) i
TXI interrupt Data written to TDR  TXI interrupt TEl interrupt
request generated and TDRE flag request generated request generated

cleared to 0 in TXI
interrupt handling routine

1 frame

Figure 15.17 Example of SCI Operation in Transmission

Serial Data Reception (Synchronous M ode): Figure 15.18 shows a sample flowchart for serial
reception.

The following procedure should be used for serial data reception.

When changing the operating mode from asynchronous to synchronous, be sure to check that the
ORER, PER, and FER flags are all cleared to 0.

The RDRF flag will not be set if the FER or PER flag is set to 1, and neither transmit nor receive
operations will be possible.
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| Initialization | 1] [1] SClinitialization: _
‘ The RxD pin is automatically
< Start i > designated as the receive data
art reception input pln

[2] [8] Receive error handling:

| Read ORER flag in SSR | [2 If a receive error occurs, read the
ORER flag in SSR, and after
performing the appropriate error
handling, clear the ORER flag to
0. Transfer cannot be resumed if
the ORER flag is set to 1.

[4] SCI status check and receive
data read:
Read SSR and check that the
RDRF flag is set to 1, then read
the receive data in RDR and
No clear the RDRF flag to 0.
Transition of the RDRF flag from
0to 1 can also be identified by
Yes an RXI interrupt.

(Continued below)

Read RDRF flag in SSR | [4]

[5] Serial reception continuation
procedure:
To continue serial reception,
before the MSB (bit 7) of the
current frame is received, finish
[5] reading the RDRF flag, reading
RDR, and clearing the RDRF flag
to 0. The RDRF flag is cleared
automatically when the DTC is
| Clear RE bit in SCR to 0 | activated by a receive-data-full
interrupt (RXI) request and the
RDR value is read.

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

<End>

[3] < Error handling >

| Overrun error handling |

| Clear ORER flag in SSRto 0 |

<End>

Figure15.18 Sample Serial Reception Flowchart
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In serial reception, the SCI operates as described below.
1. The SCI performsinternal initialization in synchronization with serial clock input or output.

2. Thereceived datais stored in RSR in LSB-to-M SB order.

After reception, the SCI checks whether the RDRF flag is 0 and the receive data can be
transferred from RSR to RDR.

If this check is passed, the RDRF flag is set to 1, and the receive datais stored in RDR. If a
receive error is detected in the error check, the operation is as shown in table 15.11.

Neither transmit nor receive operations can be performed subsequently when areceive error
has been found in the error check.

3. If theRIE bit in SCR is set to 1 when the RDRF flag changesto 1, areceive-data-full interrupt
(RXI) request is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER flag changesto 1, areceive-error
interrupt (ERI) request is generated.

Figure 15.19 shows an example of SCI operation in reception.

Serial $
clock
Serial . . : . . .
Seri C C I €1 CHY CI I CD €30
RDRF } }

| A | —
ORER 3 i

A

RXI interrupt request ‘ RDR data read and RXl interrupt request  ERI interrupt request

generated RDRF flag clearedto 0 | generated generated by overrun
' in RXI interrupt handling : error
| routine !
‘ 1 frame 1

Figure 15.19 Example of SCI Operation in Reception

Simultaneous Serial Data Transmission and Reception (Synchronous M ode): Figure 15.20
shows a sample flowchart for simultaneous serial transmit and receive operations.

The following procedure should be used for simultaneous serial data transmit and receive
operations.
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(1]

’ Initialization ‘ [1]
[
C Start transmission/reception )

-

’ Read TDRE flag in SSR ‘ [2]

[2
No

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

—>{ (3]

’ Read ORER flag in SSR ‘

Read RDRF flag in SSR ‘ [4]

No

Yes [5]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

5]

Clear TE and RE bits in SCR to 0

<End>

Note: When switching from transmit or receive operation to simultaneous
transmit and receive operations, first clear the TE bit and RE bit to
0, then set both these bits to 1 simultaneously.

SCl initialization:

The TxD pin is designated as the
transmit data output pin, and the
RxD pin is designated as the
receive data input pin, enabling
simultaneous transmit and receive
operations.

SCI status check and transmit data
write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
TDRE flag to 0.

Transition of the TDRE flag from O
to 1 can also be identified by a TXI
interrupt.

Receive error handling:

If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error
handling, clear the ORER flag to 0.
Transmission/reception cannot be
resumed if the ORER flag is set to
1.

SCI status check and receive data
read:

Read SSR and check that the
RDRF flag is set to 1, then read the
receive data in RDR and clear the
RDREF flag to 0. Transition of the
RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Serial transmission/reception
continuation procedure:

To continue serial transmission/
reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag to
0. Also, before the MSB (bit 7) of
the current frame is transmitted,
read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR and clear the
TDRE flag to 0.

Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit-data-empty
interrupt (TXI) request and data is
written to TDR. Also, the RDRF flag
is cleared automatically when the
DTC is activated by a receive-data-
full interrupt (RXI) request and the
RDR value is read.

Figure15.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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1535 IrDA Operation
Figure 15.21 shows a block diagram of the IrDA function.

When the IrDA function is enabled with bit IrE in KBCOMP, the SCI channel 2 TxD2 and RxD2
signals are subjected to waveform encoding/decoding conforming to IrDA specification version
1.0 (IrTxD and IrRxD pins). By connecting these pins to an infrared transceiver/receiver, it is
possible to implement infrared transmission/reception conforming to the IrDA specification
version 1.0 system.

Inthe IrDA specification version 1.0 system, communication is started at a transfer rate of 9600
bps, and subsequently the transfer rate can be varied as necessary. Asthe IrDA interface in the this
LSl does not include a function for varying the transfer rate automatically, the transfer rate setting
must be changed by software.

IrDA SCI2

XD
TxD2/I'TxXD -e—— Pulse encoder [

RxD
RxD2/IrRxD —®| Pulse decoder L

KBCOMP

Figure 15.21 Block Diagram of IrDA Function
Transmission

In transmission, the output signal (UART frame) from the SCI is converted to an IR frame by the
IrDA interface (see figure 15.22).

When the serial datais 0, a high-level pulses of 3/16 the bit rate (interval eguivalent to the width
of one bit) isoutput (initial value). The high-level pulse can be varied according to the setting of
bits IrCKS2 to IrCKS0 in KBCOMP.
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The high-level pulse width isfixed at aminimum of 1.41 ps, and a maximum of (3/16 + 2.5%) x
bit rate or (3/16 x bit rate) + 1.08 us. When system clock ¢ is 20 MHz, 1.6 us can be set asthe
minimum high-level pulse width at 1.41 us or above.

When the serial datais 1, no pulseis output.

'« UART frame -
Start ¢ Data ———————————®igiop
bit bit

0 1 0 1 0 0 1 1 0 1

Transmission ¢ ? Reception

-—— |R frame -

Start [ «——— Data > Stop
bit bit
| | 0 1 |_| o 1 |_|0 |_|0 1 1 |_|O 1

> - | | Pulse width is 1.6 us

. to 3/16 bit interval

Bit

interval

Figure15.22 |1rDA Transmit/Receive Operations
Reception

In reception, IR frame data is converted to a UART frame by the IrDA interface, and input to the
SCI.

When a high-level pulseis detected, O datais output, and if there is no pulse during a one-bit
interval, 1 datais output. Note that a pulse shorter than the minimum pulse width of 1.41 ps will
be identified asa 0 signal.
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High-Level Pulse Width Selection

Table 15.12 shows possible settings for bits IrCKS2 to IrCK SO (minimum pulse width), and this
L Sl operating frequencies and hit rates, for making the pulse width shorter than 3/16 times the bit
rate in transmission.

Table 15.12 Bit IrCKS2to IrCK S0 Settings

Bit Rate (bps) (Upper Row) / Bit Interval x 3/16 (us) (Lower Row)

Ef:?fg;f; 2400 9600 19200 38400 57600 115200
®(MHz) 78.13 19.53 9.77 4.88 3.26 1.63
2 010 010 010 010 010 —
2097152 010 010 010 010 010 —
2.4576 010 010 010 010 010 —
3 011 011 011 011 011 —
3.6864 011 011 011 011 011 011
4.9152 011 011 011 011 011 011
5 011 011 011 011 011 011
6 100 100 100 100 100 100
6.144 100 100 100 100 100 100
7.3728 100 100 100 100 100 100
8 100 100 100 100 100 100
9.8304 100 100 100 100 100 100
10 100 100 100 100 100 100
12 101 101 101 101 101 101
12.288 101 101 101 101 101 101
14 101 101 101 101 101 101
147456 101 101 101 101 101 101
16 101 101 101 101 101 101
16.9344 101 101 101 101 101 101
17.2032 101 101 101 101 101 101
18 101 101 101 101 101 101
19.6608 101 101 101 101 101 101
20 101 101 101 101 101 101
Legend:

—: An SCI bit rate setting cannot be mode.
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15.4  SCI Interrupts

The SCI has four interrupt sources: the transmit-end interrupt (TEI) request, receive-error interrupt
(ERI) request, receive-data-full interrupt (RXI) request, and transmit-data-empty interrupt (TXI1)
request. Table 15.13 shows the interrupt sources and their relative priorities. Individual interrupt
sources can be enabled or disabled with the TIE, RIE, and TEIE bitsin SCR. Each kind of
interrupt request is sent to the interrupt controller independently.

When the TDRE flag in SSRis set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRissetto 1, aTEI interrupt request is generated. A TXI interrupt can activate the DTC to
perform data transfer. The TDRE flag is cleared to 0 automatically when data transfer is
performed by the DTC. The DTC cannot be activated by a TEI interrupt request.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flagin SSRis set to 1, an ERI interrupt request is generated. An RX| interrupt can
activate the DTC to perform datatransfer. The RDRF flag is cleared to O automatically when data
transfer is performed by the DTC. The DTC cannot be activated by an ERI interrupt request.

Table 15.13 SCI Interrupt Sources

Interrupt
Channel  Source Description DTC Activation  Priority”
0 ERI Receive error (ORER, FER, or PER) Not possible High
RXI Receive data register full (RDRF) Possible 4
TXI Transmit data register empty (TDRE) Possible
TEI Transmit end (TEND) Not possible
1 ERI Receive error (ORER, PER, or PER) Not possible
RXI Receive data register full (RDRF) Possible
TXI Transmit data register empty (TDRE) Possible
TEI Transmit end (TEND) Not possible
2 ERI Receive error (ORER, PER, or PER) Not possible
RXI Receive data register full (RDRF) Possible
TXI Transmit data register empty (TDRE) Possible
TEI Transmit end (TEND) Not possible Low

Note: * The table shows the initial state immediately after a reset. Relative channel priorities
can be changed by the interrupt controller.

The TEI interrupt is requested when the TEND flag is set to 1 whilethe TEIE bit isset to 1. The
TEND flag is cleared at the same time as the TDRE flag. Consequently, if a TEI interrupt and a
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TXI interrupt are requested simultaneously, the TXI interrupt will have priority for acceptance,
and the TDRE flag and TEND flag may be cleared. Note that the TEI interrupt will not be
accepted in this case.

155  Usage Notes

The following points should be noted when using the SCI.

Relation between Writesto TDR and the TDRE Flag

The TDRE flag in SSR is a status flag that indicates that transmit data has been transferred from
TDR to TSR. When the SCI transfers datafrom TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR regardless of the state of the TDRE flag. However, if new datais
written to TDR when the TDRE flag is cleared to 0, the data stored in TDR will be lost since it has
not yet been transferred to TSR. It istherefore essential to check that the TDRE flag isset to 1
before writing transmit datato TDR.

Operation when Multiple Receive Errors Occur Simultaneously

If a number of receive errors occur at the same time, the state of the status flagsin SSRisas
shown in table 15.14. If there is an overrun error, datais not transferred from RSR to RDR, and
the receive dataislost.

Table 15.14 State of SSR Status Flagsand Transfer of Receive Data

SSR Status Flags Receive Data Transfer
RDRF ORER FER PER RSR to RDR Receive Errors
1 1 0 0 X Overrun error
0 0 1 0 o Framing error
0 0 0 1 (0] Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] Framing error + parity error
1 1 1 1 X Overrun error + framing error +

parity error

Notes: O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.

Rev. 4.00 Sep 27,2006 page 487 of 1130
REJ09B0327-0400
RENESAS



Section 15 Serial Communication Interface (SCI, IrDA)

Break Detection and Processing

When aframing error (FER) is detected, a break can be detected by reading the RxD pin value
directly. In abreak, the input from the RxD pin becomes all Os, and so the FER flag is set, and the
parity error flag (PER) may also be set.

Note that, since the SCI continues the receive operation after receiving a break, even if the FER
flag iscleared to O, it will be set to 1 again.

Sending a Break

The TxD pin hasadual function as an I/O port whose direction (input or output) is determined by
DR and DDR. This feature can be used to send a break.

Between serial transmission initialization and setting of the TE bit to 1, the mark state is replaced
by the value of DR (the pin does not function as the TxD pin until the TE bit is set to 1).
Consequently, DDR and DR for the port corresponding to the TxD pin should first be set to 1.

To send abreak during serial transmission, first clear DR to O, then clear the TE bit to 0.

When the TE hit is cleared to 0, the transmitter isinitialized regardless of the current transmission
state, the TXD pin becomes an 1/0 port, and 0 is output from the TxD pin.

Receive Error Flags and Transmit Operations (Synchronous M ode Only)

Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to O. Be sure to clear the receive error flags to O before starting
transmission.

Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared to 0.

Receive Data Sampling Timing and Reception Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a base clock with afrequency of 16 times the transfer
rate.

In reception, the SCI samples the falling edge of the start bit using the base clock, and performs
internal synchronization. Receive dataislatched internally at the rising edge of the 8th pulse of the
base clock. Thisisillustrated in figure 15.23.
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. 16clocks
8 clocks
<0—;‘ 15/ 0 7 15 0
clock ) = [
Receive data _] ' Start bit | DO |D1
(RxD) e ) )

Synchronization : v D
sampling timing ! L i

Data sampling o il
timing H H

Figure 15.23 Receive Data Sampling Timing in Asynchronous M ode

Thus the receive margin in asynchronous mode is given by equation (1) below.

M = ‘(0.5 - i) —(L—0.5)F —

1+F 100%  ceeeeeeen 1
o ( )| x o (@8]

D -0.5]
N

Where M: Receive margin (%)

N: Ratio of bit rate to clock (N = 16)

D: Clock duty (D =0to 1.0)

L: Framelength (L =9to 12)

F: Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5 in equation (1), areceive margin of 46.875% is given by
equation (2) below.

WhenD =0.5and F=0,

M = (0.5 - ) x 100%

1
2x16
=46.875% )

However, thisisonly atheoretical value, and a margin of 20% to 30% should be allowed in
system design.
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Restrictionson Use of DTC

* When an external clock source is used asthe serial clock, the transmit clock should not be
input until at least 5 @ clock cycles after TDR is updated by the DTC. Misoperation may occur
if the transmit clock isinput within 4 clock cycles after TDR is updated. (Figure 15.24)

*  When RDRisread by the DTC, be sure to set the activation source to the relevant SCI receive-
data-full interrupt (RXI).

SCK 3

' LSB

Serial data X po X b1 X b2 X 03 X pa X b5 X b6 X o7 ><:

Note: When operating on an external clock, set t > 4 states.

Figure 15.24 Example of Synchronous Transmission by DTC
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Section 16 1°C Bus Interface [Option]

A two-channel I°C bus interface is available as an option in the H8S/2148 Group and H8S/2147N.
The I°C bus interface is not available for the H8S/2144 Group. Observe the following notes when
using this option.

1. For mask-ROM versions, aW is added to the part number in products in which this optional
function is used.

Examples: HD6432147SWFA

2. The product number isidentical for F-ZTAT versions. However, be sure to inform your
Renesas sales representative if you will be using this option.

16.1 Overview

A two-channel 1°C bus interface is available for the H85/2148 Group and H8S/2147N as an
option. The I°C businterface conforms to and provides a subset of the Philips I°C bus (inter-1IC
bus) interface functions. The register configuration that controls the I°C bus differs partly from the
Philips configuration, however.

Each 1°C businterface channel uses only one dataline (SDA) and one clock line (SCL) to transfer
data, saving board and connector space.

16.1.1 Features

» Selection of addressing format or non-addressing format
0 1°C busformat: addressing format with acknowledge bit, for master/slave operation
O Serial format: non-addressing format without acknowledge bit, for master operation only
« Conformsto Philips I°C bus interface (1°C bus format)
«  Two ways of setting slave address (1°C bus format)
 Start and stop conditions generated automatically in master mode (1°C bus format)
» Selection of acknowledge output levels when receiving (1°C bus format)
« Automatic loading of acknowledge bit when transmitting (1°C bus format)
 Wait function in master mode (I°C bus format)

A wait can be inserted by driving the SCL pin low after data transfer, excluding
acknowledgement. The wait can be cleared by clearing the interrupt flag.
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« Wait function in slave mode (1°C bus format)

A wait request can be generated by driving the SCL pin low after data transfer, excluding
acknowledgement. The wait request is cleared when the next transfer becomes possible.

e Threeinterrupt sources

0 Datatransfer end (including transmission mode transition with 1°C bus format and address
reception after loss of master arbitration)

0 Address match: when any dave address matches or the general call addressisreceived in
save receive mode (1°C bus format)

0 Stop condition detection
» Sdlection of 16 internal clocks (in master mode)
e Direct busdrive (with SCL and SDA pins)

0 Two pins—P52/SCL0 and P97/SDAO0—(normally NMOS push-pull outputs) function as
NMOS open-drain outputs when the bus drive function is selected.

O Two pins—P86/SCL 1 and P42/SDA1—(normally CMOS pins) function as NMOS-only
outputs when the bus drive function is selected.

+ Automatic switching from formatless mode to 1°C bus format (channel 0 only)
O Formatless operation (no start/stop conditions, non-addressing mode) in slave mode
O Operation using acommon data pin (SDA) and independent clock pins (VSYNCI, SCL)
0 Automatic switching from formatless mode to I°C bus format on the fall of the SCL pin

16.1.2 Block Diagram
Figure 16.1 shows a block diagram of the 1°C bus interface.

Figure 16.2 shows an example of 1/0 pin connections to external circuits. Channel 0 1/0 pins and
channel 1 1/0 pins differ in structure, and have different specifications for permissible applied
voltages. For details, see section 26, Electrical Characterigtics.
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Formatless dedicated
clock (channel 0 only)

g
ICCR
SCL ’ Clock
L control
Noise -
canceler ICMR
v»| Bus state
decision \
ISt "
circuit ICSR tj> g
|| Arbitration g
decision °
circuit ©
c
[J]
SDA . Output data £
control
circuit
ICORR ]
Noise
canceler
Address .
comparator
SAR, SARX -
= Interrupt Interrupt
Legend: generator request

ICCR: I2C bus control register

ICMR: I2C bus mode register

ICSR: I2C bus status register

ICDR: I2C bus data register

SAR: Slave address register

SARX: Second slave address register X
PS: Prescaler

Figure 16.1 Block Diagram of I°C Bus Interface
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Vee
VCC
SCL SCL
SCLiy, —<
SCL out 4'
SDA SDA
SDA in {}
SDA out 1 |<C 1 |<
3 |a ? @
(Master) SCL, SCLy
H8S/2148 Group and SCL ooy — SCL ooy —
H8S/2147N chip
SDA |, SDA |,
SDA out 4' SDA out 4'
(Slave 1) (Slave 2)

Figure 16.2 1°C Bus|nterface Connections
(Example: H85/2148 Group and H8S/2147N Chip as Master)

16.1.3 Input/Output Pins
Table 16.1 summarizes the input/output pins used by the I°C businterface.

Table16.1 1°C BusInterface Pins

Channel Name Abbreviation® /0 Function

0 Serial clock SCLO /0 I1CO serial clock input/output
Serial data SDAO 110 IICO serial data input/output
Formatless serial VSYNCI Input 1ICO formatless serial clock input
clock

1 Serial clock SCL1 110 IIC1 serial clock input/output
Serial data SDA1 110 IIC1 serial data input/output

Note: * In the text, the channel subscript is omitted, and only SCL and SDA are used.
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16.1.4 Register Configuration
Table 16.2 summarizes the registers of the 1°C bus interface.

Table 16.2 Register Configuration

Channel Name Abbreviation R/W Initial Value  Address™”

0 I°C bus control register ICCRO R/W H'01 H'FFD8
I°C bus status register ICSRO RIW H'00 H'FFD9
I°C bus data register ICDRO R/W — H'FFDE™?
I°C bus mode register ICMRO RIW H'00 H'FFDF*?
Slave address register SARO R/W H'00 H'FFDF*?
Second slave address SARXO R/W H'01 H'FFDE™?
register

1 I°C bus control register ICCR1 R/W H'01 H'FF88
I°C bus status register ICSR1 R/W H'00 H'FF89
I°C bus data register ICDR1 R/W — H'FF8E™*
I°C bus mode register ICMR1 RIW H'00 H'FF8F™*?
Slave address register SAR1 R/W H'00 H'FF8F*?
Second slave address SARX1 R/W H'01 H'FF8E**
register

Common  Serial/timer control STCR R/W H'00 H'FFC3
register
DDC switch register DDCSWR R/W H'OF H'FEE6
Module stop control MSTPCRH R/W H'3F H'FF86
register MSTPCRL RIW HFF H'FF87

Notes: 1. Lower 16 bits of the address.

2. The register that can be written or read depends on the ICE bit in the I°C bus control
register. The slave address register can be accessed when ICE = 0, and the I°C bus
mode register can be accessed when ICE = 1.

The I°C bus interface registers are assigned to the same addresses as other registers.
Register selection is performed by means of the IICE bit in the serial/timer control
register (STCR).
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16.2 Register Descriptions

16.2.1 I°C BusData Register (ICDR)

Bit 7 6 5 4 3 2 1 0
‘ ICDR7 ‘ ICDR6 ‘ ICDR5 ‘ ICDR4 ‘ ICDR3 ‘ ICDR2 ‘ ICDR1 ‘ ICDRO ‘
Initial value — — — — — — — —
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
e |CDRR
Bit 7 6 5 4 3 2 1 0
MCDRR?hCDRR6MCDRRSMCDRR4MCDRR3hCDRR2MCDRthCDRRO‘
Initial value — — — — — — — —
Read/Write R R R R R R R R
e |CDRS
Bit 7 6 5 4 3 2 1 0
MCDRS?MCDRSGMCDRRShCDRS4MCDRS3MCDRSZMCDRSlMCDRSO‘
Initial value — — — — — — — —
Read/Write — — — — — — — —
e |CDRT
Bit 7 6 5 4 3 2 1 0
hCDRT?‘EDRTGMCDRTShCDRT4MCDRT3MCDRTZMCDRTlMCDRTO‘
Initial value — — — — — — — —
Read/Write W W W W W W W W

* TDRE, RDRF (interna flags)

Bit — —

‘ TDRE ‘ RDRF ‘
Initial value 0 0
Read/Write — —
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ICDR is an 8-hit readable/writable register that is used as a transmit data register when
transmitting and a receive data register when receiving. ICDR is divided internally into a shift
register (ICDRS), receive buffer (ICDRR), and transmit buffer (ICDRT). ICDRS cannot be read or
written by the CPU, ICDRR isread-only, and ICDRT iswrite-only. Data transfers among the
three registers are performed automatically in coordination with changes in the bus state, and
affect the status of internal flags such as TDRE and RDRF.

If 1ICisin transmit mode and the next dataisin ICDRT (the TDRE flag is 0) following
transmission/reception of one frame of data using ICDRS, data is transferred automatically from
ICDRT to ICDRS. If IICisin receive mode and no previous dataremainsin ICDRR (the RDRF
flag is Q) following transmission/reception of one frame of data using ICDRS, datais transferred
automatically from ICDRSto ICDRR.

If the number of bitsin aframe, excluding the acknowledge bit, isless than 8, transmit data and
receive data are stored differently. Transmit data should be written justified toward the MSB side
when MLS = 0, and toward the LSB side when MLS = 1. Receive data bits read from the L SB
side should be treated as valid when ML S = 0, and bits read from the MSB side when MLS = 1.

ICDR is assigned to the same address as SARX, and can be written and read only when the ICE
bitissetto 1in ICCR.

The value of ICDR is undefined after areset.

The TDRE and RDRF flags are set and cleared under the conditions shown below. Setting the
TDRE and RDRF flags affects the status of the interrupt flags.
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TDRE Description

0 The next transmit data is in ICDR (ICDRT), or transmission cannot (Initial value)
be started

[Clearing conditions]
¢ When transmit data is written in ICDR (ICDRT) in transmit mode (TRS =1)

* When a stop condition is detected in the bus line state after a stop condition is
issued with the I°C bus format or serial format selected

«  When a stop condition is detected with the I°C bus format selected
¢ Inreceive mode (TRS =0)

(A 0 write to TRS during transfer is valid after reception of a frame containing an
acknowledge bit)

1 The next transmit data can be written in ICDR (ICDRT)
[Setting conditions]
¢ Intransmit mode (TRS = 1), when a start condition is detected in the bus line state
after a start condition is issued in master mode with the I°C bus format or serial
format selected
* Atthe first transmit mode setting (TRS = 1) (first transmit mode setting only) after
the mode is switched from I°C bus mode to formatless mode
¢ When data is transferred from ICDRT to ICDRS
(Data transfer from ICDRT to ICDRS when TRS = 1 and TDRE =0, and ICDRS is
empty)
« When detecting a start condition and then switching from slave receive mode (TRS
= 0) state to transmit mode (TRS = 1) (first transmit mode switching only).
RDRF Description
0 The data in ICDR (ICDRR) is invalid (Initial value)
[Clearing condition]
When ICDR (ICDRR) receive data is read in receive mode
1 The ICDR (ICDRR) receive data can be read

[Setting condition]
When data is transferred from ICDRS to ICDRR

(Data transfer from ICDRS to ICDRR in case of normal termination with TRS = 0 and
RDRF = 0)
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16.2.2 Slave AddressRegister (SAR)

Bit 7 6 5 4 3 2 1 0

‘ SVA6 ‘ SVA5 ‘ SVA4 ‘ SVA3 ‘ SVA2 ‘ SVA1l ‘ SVAO ‘ FS ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SAR isan 8-bit readable/writable register that stores the slave address and selects the
communication format. When the chip isin slave mode (and the addressing format is selected), if
the upper 7 bits of SAR match the upper 7 bits of the first frame received after a start condition,
the chip operates as the dave device specified by the master device. SAR is assigned to the same
address as ICMR, and can be written and read only when the ICE hit is cleared to 0 in ICCR.

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

Bits 7 to 1—Slave Address (SVA6 to SVAOQ): Set aunique address in bits SVA6 to SVAO,
differing from the addresses of other slave devices connected to the I°C bus.

Bit 0—Format Select (FS): Used together with the FSX bit in SARX and the SW bit in
DDCSWR to select the communication format.

* 1°C busformat: addressing format with acknowledge bit
e Synchronous serial format: non-addressing format without acknowledge bit, for master mode
only

» Formatless mode (channel 0 only): non-addressing format with or without acknowledge hit,
slave mode only, start/stop conditions not detected

The FS hit also specifies whether or not SAR slave address recognition is performed in slave
mode.
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DDCSWR SAR SARX
Bit 6 Bit 0 Bit 0
SW FS FSX Operating Mode
0 0 0 I’C bus format
* SAR and SARX slave addresses recognized
1 I’C bus format (Initial value)
* SAR slave address recognized
e SARX slave address ignored
1 0 I’C bus format
* SAR slave address ignored
* SARX slave address recognized
1 Synchronous serial format
* SAR and SARX slave addresses ignored
1 0 0 Formatless mode (start/stop conditions not detected)
0 1 * Acknowledge bit used
1 0
1 1 Formatless mode™ (start/stop conditions not detected)

« No acknowledge bit

Note: * Do not set this mode when automatic switching to the 1°C bus format is performed by
means of the DDCSWR setting.

16.2.3 Second Slave Address Register (SARX)

Bit 7 6 5 4 3 2 1 0

‘ SVAX6 ‘ SVAX5 ‘ SVAX4 ‘ SVAX3 ‘ SVAX2 ‘ SVAX1 ‘ SVAXO0 ‘ FSX ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SARX isan 8-hit readable/writable register that stores the second slave address and selects the
communication format. When the chip isin slave mode (and the addressing format is selected), if
the upper 7 bits of SARX match the upper 7 bits of the first frame received after a start condition,
the chip operates as the dlave device specified by the master device. SARX is assigned to the same
address as ICDR, and can be written and read only when the ICE bitis cleared to 0 in ICCR.

SARX isinitialized to H'01 by areset and in hardware standby mode.
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Bits 7 to 1—Second Slave Address (SVAX6 to SVAXO0): Set aunique addressin bits SYAX6 to
SVAXO, differing from the addresses of other slave devices connected to the I°C bus.

Bit 0—Format Select X (FSX): Used together with the FS bit in SAR and the SW bit in
DDCSWR to select the communication format.

* 1°C bus format: addressing format with acknowledge bit
»  Synchronous serial format: non-addressing format without acknowledge bit, for master mode
only

» Formatless mode: non-addressing format with or without acknowledge bit, slave mode only,
start/stop conditions not detected

The FSX bit also specifies whether or not SARX slave address recognition is performed in slave
mode. For details, see the description of the FS bit in SAR.

16.24 I°C BusMode Register (ICMR)

Bit 7 6 5 4 3 2 1 0

‘ MLS ‘ WAIT ‘ CKS2 ‘ CKs1 ‘ CKSO0 ‘ BC2 ‘ BC1 ‘ BCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ICMR is an 8-hit readable/writable register that selects whether the MSB or LSB is transferred
first, performs master mode wait control, and selects the master mode transfer clock frequency and
the transfer bit count. ICMR is assigned to the same address as SAR. ICMR can be written and
read only when the ICE bitissetto 1 in ICCR.

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

Bit 7—M SB-First/L SB-First Select (MLS): Selects whether datais transferred M SB-first or
LSB-first.

If the number of bitsin aframe, excluding the acknowledge bit, isless than 8, transmit data and
receive data are stored differently. Transmit data should be written justified toward the MSB side
when MLS = 0, and toward the LSB side when ML S = 1. Receive data bits read from the LSB
side should be treated as valid when ML S = 0, and bits read from the MSB side when MLS = 1.

Do not set this bit to 1 when the I°C bus format is used.
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Bit 7

MLS Description

0 MSB-first (Initial value)
1 LSB-first

Bit 6—Wait Insertion Bit (WAIT): Selects whether to insert await between the transfer of data
and the acknowledge bit, in master mode with the I°C bus format. When WAIT is set to 1, after the
fall of the clock for the final data bit, the IRIC flag isset to 1 in ICCR, and await state begins
(with SCL at the low level). When the IRIC flag is cleared to 0 in ICCR, the wait ends and the
acknowledge bit istransferred. If WAIT is cleared to O, data and acknowledge bits are transferred
consecutively with no wait inserted.

TheIRIC flag in ICCR is set to 1 on completion of the acknowledge bit transfer, regardless of the
WAIT setting.

The setting of this bit isinvalid in slave mode.

Bit 6

WAIT Description

0 Data and acknowledge bits transferred consecutively (Initial value)
1 Wait inserted between data and acknowledge bits
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Bits5to 3—Serial Clock Select (CK S2 to CK S0): These bits, together with the IICX 1 (channel
1) or IICXO0 (channel 0) bit in the STCR register, select the serial clock frequency in master mode.
They should be set according to the required transfer rate.

STCR
Bit50r6 Bit5 Bit4 Bit3 Transfer Rate
0= Q= 0= 0= 0=

lncx CKS2 CKS1 CKSO Clock 5 MHz 8 MHz 10 MHz 16 MHz 20 MHz
0 0 0 0 @28  179kHz 286kHz 357kHz 571kHz* 714 kHz*
1 @40  125kHz 200kHz 250kHz 400kHz 500 kHz*
1 0 @48  104kHz 167 kHz 208kHz 333kHz 417 kHz*

1 @64  78.1kHz 125kHz 156kHz 250kHz 313 kHz

1 0 0 @80  625kHz 100kHz 125kHz 200kHz 250 kHz

1 @100 50.0kHz 80.0kHz 100kHz 160kHz 200 kHz

1 0 @112 446kHz 71.4kHz 89.3kHz 143kHz 179 kHz

1 @128 39.1kHz 625kHz 78.1kHz 125kHz 156 kHz

1 0 0 0 @56  89.3kHz 143kHz 179kHz 286kHz 357 kHz
1 @80  625kHz 100kHz 125kHz 200kHz 250 kHz

1 0 @96 52.1kHz 83.3kHz 104kHz 167 kHz 208 kHz

1 @128 39.1kHz 625kHz 78.1kHz 125kHz 156 kHz

1 0 0 @160 31.3kHz 50.0kHz 62.5kHz 100kHz 125 kHz

1 @200 25.0kHz 40.0kHz 50.0kHz 80.0kHz 100 kHz
1 0 @224 223kHz 35.7kHz 446kHz 71.4kHz 89.3kHz

1 @256 19.5kHz 31.3kHz 39.1kHz 625kHz 78.1kHz

Note: * Outside the I°C bus interface specification range (normal mode: max. 100 kHz; high-
speed mode: max. 400 kHz).

Bits 2 to 0—Bit Counter (BC2to BCO): Bits BC2 to BCO specify the number of bitsto be
transferred next. With the 1°C bus format (when the FS bit in SAR or the FSX bit in SARX is0),
the datais transferred with one addition acknowledge bit. Bit BC2 to BCO settings should be made
during an interval between transfer frames. If bits BC2 to BCO are set to a value other than 000,
the setting should be made while the SCL lineislow.

The bit counter isinitialized to 000 by areset and when a start condition is detected. The value
returns to 000 at the end of a data transfer, including the acknowledge bit.
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Bit 2 Bit 1 Bit 0 Bits/Frame
BC2 BC1 BCO Synchronous Serial Format I°’C Bus Format
0 0 0 8 9 (Initial value)
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8
16.25 I°C BusControl Register (ICCR)
Bit 7 6 5 4 3 2 1 0
‘ ICE ‘ IEIC ‘ MST ‘ TRS ‘ ACKE ‘ BBSY ‘ IRIC ‘ SCP ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/(W)* "

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

ICCR is an 8-bit readable/writable register that enables or disables the I°C bus interface, enables or
disables interrupts, selects master or ave mode and transmission or reception, enables or disables
acknowledgement, confirms the I°C bus interface bus status, issues start/stop conditions, and
performs interrupt flag confirmation.

ICCRisinitialized to H'01 by areset and in hardware standby mode.

Bit 7—I1°C BusInterface Enable (ICE): Selects whether or not the I°C bus interface isto be
used. When ICE is set to 1, port pins function as SCL and SDA input/output pins and transfer
operations are enabled. When ICE is cleared to 0, the I°C bus interface module is halted and its
internal states are cleared.

The SAR and SARX registers can be accessed when ICE is0. The ICMR and ICDR registers can
be accessed when ICE is 1.
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Bit 7
ICE Description
0 I°C bus interface module disabled, with SCL and SDA signal pins set to port function

(Initial value)
I°C bus interface module internal states initialized
SAR and SARX can be accessed

1 I°C bus interface module enabled for transfer operations (pins SCL and SCA are
driving the bus)

ICMR and ICDR can be accessed

Bit 6—I1°C Bus Interface Interrupt Enable (IEIC): Enables or disables interrupts from the I°C
bus interface to the CPU.

Bit 6

IEIC Description

0 Interrupts disabled (Initial value)
1 Interrupts enabled

Bit 5—Master/Slave Select (M ST)
Bit 4—Transmit/Receive Select (TRS)

MST selects whether the I°C bus interface operates in master mode or slave mode.
TRS selects whether the 1°C bus interface operates in transmit mode or receive mode.

In master mode with the I°C bus format, when arbitration is lost, MST and TRS are both reset by
hardware, causing atransition to slave receive mode. In slave receive mode with the addressing
format (FS = 0 or FSX = 0), hardware automatically selects transmit or receive mode according to
the R/W bit in the first frame after a start condition.

Modification of the TRS bit during transfer is deferred until transfer of the frame containing the
acknowledge bit is completed, and the changeover is made after completion of the transfer.

MST and TRS select the operating mode as follows.
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Bit 5 Bit 4
MST TRS Operating Mode
0 0 Slave receive mode (Initial value)
1 Slave transmit mode
1 0 Master receive mode
1 Master transmit mode
Bit 5
MST Description
0 Slave mode (Initial value)
[Clearing conditions]
1. When 0 is written by software
2. When bus arbitration is lost after transmission is started in I’C bus format master
mode
1 Master mode
[Setting conditions]
1. When 1 is written by software (in cases other than clearing condition 2)
2. When 1 is written in MST after reading MST = 0 (in case of clearing condition 2)
Bit 4
TRS Description
0 Receive mode (Initial value)
[Clearing conditions]
1. When 0 is written by software (in cases other than setting condition 3)
2. When 0 is written in TRS after reading TRS = 1 (in case of clearing condition 3)
3. When bus arbitration is lost after transmission is started in I°C bus format master
mode
4. When the SW bit in DDCSWR changes from 1 to 0
1 Transmit mode

[Setting conditions]
1. When 1 is written by software (in cases other than clearing conditions 3 and 4)

2. When 1 is written in TRS after reading TRS = 0 (in case of clearing conditions 3
and 4)

3. When a 1 is received as the R/W bit of the first frame in I°C bus format slave mode
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Bit 3—Acknowledge Bit Judgement Selection (ACKE): Specifies whether the value of the
acknowledge bit returned from the receiving device when using the I°C bus format is to be ignored
and continuous transfer is performed, or transfer isto be aborted and error handling, etc.,
performed if the acknowledge bit is 1. When the ACKE bit is O, the value of the received
acknowledge bit is not indicated by the ACKB bit, which is always 0.

In the H8S/2148 Group and H8S5/2147N, the DTC can be used to perform continuous transfer. The
DTC isactivated when the IRTR interrupt flag is set to 1 (IRTR is one of two interrupt flags, the
other being IRIC). When the ACKE bit is 0, the TDRE, IRIC, and IRTR flags are set on
completion of data transmission, regardless of the value of the acknowledge bit. When the ACKE
bitis1, the TDRE, IRIC, and IRTR flags are set on completion of data transmission when the
acknowledge bit is 0, and the IRIC flag alone is set on completion of data transmission when the
acknowledge bit is 1.

When the DTC is activated, the TDRE, IRIC, and IRTR flags are cleared to 0 after the specified
number of data transfers have been executed. Consequently, interrupts are not generated during
continuous data transfer, but if data transmission is completed with a 1 acknowledge bit when the
ACKE bhitissetto 1, the DTC is not activated and an interrupt is generated, if enabled.

Depending on the receiving device, the acknowledge bit may be significant, in indicating
completion of processing of the received data, for instance, or may be fixed at 1 and have no
significance.

Bit 3

ACKE Description

0 The value of the acknowledge bit is ignored, and continuous transfer (Initial value)
is performed

1 If the acknowledge bit is 1, continuous transfer is interrupted

Bit 2—Bus Busy (BBSY): The BBSY flag can be read to check whether the 1°C bus (SCL, SDA)
isbusy or free. In master mode, this bit is also used to issue start and stop conditions.

A high-to-low transition of SDA while SCL is high is recognized as a start condition, setting
BBSY to 1. A low-to-high transition of SDA while SCL is high is recognized as a stop condition,
clearing BBSY to 0.

Toissue astart condition, useaMOV instruction to write 1 in BBSY and 0 in SCP. A retransmit
start condition isissued in the same way. To issue a stop condition, use aMOV instruction to
write 0in BBSY and 0in SCP. It is not possible to write to BBSY in slave mode; the I°C bus
interface must be set to master transmit mode before issuing a start condition. MST and TRS
should both be set to 1 before writing 1 in BBSY and 0 in SCP.
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Bit 2

BBSY Description

0 Bus is free (Initial value)
[Clearing condition]
When a stop condition is detected

1 Bus is busy

[Setting condition]
When a start condition is detected

Bit 1—I°C Bus Interface Interrupt Request Flag (IRIC): Indicates that the 1°C bus interface has
issued an interrupt request to the CPU. IRIC is set to 1 at the end of a data transfer, when aslave
address or general call addressis detected in slave receive mode, when bus arbitrationislost in
master transmit mode, and when a stop condition is detected. IRIC is set at different times
depending on the FS bit in SAR and the WAIT bit in ICMR. See section 16.3.6, IRIC Setting
Timing and SCL Control. The conditions under which IRIC is set also differ depending on the
setting of the ACKE bitin ICCR.

IRIC is cleared by reading IRIC &fter it has been set to 1, then writing O in IRIC.

When the DTC isused, IRIC is cleared automatically and transfer can be performed continuously
without CPU intervention.
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Bit 1
IRIC Description
0 Waiting for transfer, or transfer in progress (Initial value)
[Clearing conditions]
1. When 0 is written in IRIC after reading IRIC =1
2. When ICDR is written or read by the DTC
(When the TDRE or RDRF flag is cleared to 0)
(This is not always a clearing condition; see the description of DTC operation for details)
1 Interrupt requested

[Setting conditions]

« I’C bus format master mode

1.

When a start condition is detected in the bus line state after a start condition is issued
(when the TDRE flag is set to 1 because of first frame transmission)

When a wait is inserted between the data and acknowledge bit when WAIT = 1

3. Atthe end of data transfer

(at the rise of the 9th transmit/receive clock pulse when no wait is inserted, (WAIT=0) and,
when a wait is inserted (WAIT=1), at the fall of the 8th transmit/receive clock pulse)

When a slave address is received after bus arbitration is lost
(when the AL flag is set to 1)

When 1 is received as the acknowledge bit when the ACKE bit is 1
(when the ACKB bit is set to 1)

« I’C bus format slave mode

1.

2.

3.

4.

When the slave address (SVA, SVAX) matches

(when the AAS and AASX flags are set to 1)

and at the end of data transfer up to the subsequent retransmission start condition or stop
condition detection

(when the TDRE or RDRF flag is set to 1)

When the general call address is detected

(when FS =0 and the ADZ flag is set to 1)

and at the end of data transfer up to the subsequent retransmission start condition or stop
condition detection

(when the TDRE or RDRF flag is set to 1)

When 1 is received as the acknowledge bit when the ACKE bit is 1
(when the ACKB bit is set to 1)

When a stop condition is detected
(when the STOP or ESTP flag is set to 1)

* Synchronous serial format, and formatless mode

1.

2.
3.

At the end of data transfer
(when the TDRE or RDRF flag is set to 1)

When a start condition is detected with serial format selected
When the SW bit is set to 1 in DDCSWR

Except the above, when the conditions to set the TDRE or RDRF internal flag to 1 is generated

Rev. 4.00 Sep 27,2006 page 509 of 1130
REJ09B0327-0400
RENESAS



Section 16 I°C Bus Interface [Option]

When, with the I°C bus format selected, IRIC is set to 1 and an interrupt is generated, other flags
must be checked in order to identify the source that set IRIC to 1. Although each source has a
corresponding flag, caution is needed at the end of atransfer.

When the TDRE or RDRF internal flag is set, the readable IRTR flag may or may not be set. The
IRTR flag (the DTC start request flag) is not set at the end of a data transfer up to detection of a
retransmission start condition or stop condition after a dlave address (SVA) or general call address
match in 1°C bus format slave mode.

Even when the IRIC flag and IRTR flag are set, the TDRE or RDRF internal flag may not be set.
The IRIC and IRTR flags are not cleared at the end of the specified number of transfersin
continuous transfer using the DTC. The TDRE or RDRF flag is cleared, however, since the
specified number of ICDR reads or writes have been completed.

Table 16.3 shows the relationship between the flags and the transfer states.

Table16.3 Flagsand Transfer States

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

/0 10 O 0 0 0 0 0 0 0 0 Idle state (flag clearing
required)
1 1 0 0 0 0 0 0 0 0 0 Start condition issuance
1 1 1 0 0 1 0 0 0 0 0 Start condition established
1 1/0 1 0 0 0 0 0 0 0 0/1 Master mode wait
1 /0 1 0 0 1 0 0 0 0 0/1 Master mode transmit/
receive end
0 1 0 0 0 1/0 1 1/0 1/0 0 Arbitration lost
0 0 1 0 0 0 0 0 1 0 0 SAR match by first frame in
slave mode
0 1 0 0 0 0 0 1 1 0 General call address match
0 1 0 0 0 1 0 0 0 0 SARX match
/0 1 0 0 0 0 0 0 0 0/1 Slave mode
transmit/receive end
(except after SARX match)
/0 1 0 0 1 1 0 0 0 0 Slave mode
1 1 0 0 0 1 0 0 0 1 transmit/receive end (after
SARX match)
0 /0 O 1/0 1/0 0 0 0 0 0 0/1 Stop condition detected
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Bit 0—Start Condition/Stop Condition Prohibit (SCP): Controlstheissuing of start and stop
conditions in master mode. To issue a start condition, write 1 in BBSY and 0 in SCP. A retransmit
start condition isissued in the same way. To issue a stop condition, write 0 in BBSY and 0 in SCP.
Thishitisawaysread as 1. If 1 iswritten, the datais not stored.

Bit 0

SCP Description

0 Writing 0 issues a start or stop condition, in combination with the BBSY flag

1 Reading always returns a value of 1 (Initial value)

Writing is ignored

16.2.6  I°C Bus Status Register (ICSR)

Bit 7 6 5 4 3 2 1 0
‘ ESTP ‘ STOP ‘ IRTR ‘ AASX ‘ AL ‘ AAS ‘ ADZ ‘ ACKB ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* RIW)* RIW)* RIW)* RIW)* RIAW)* RIAW)* RW

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

ICSR is an 8-hit readable/writable register that performs flag confirmation and acknowledge
confirmation and control.

ICSRisinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Error Stop Condition Detection Flag (ESTP): Indicates that a stop condition has been
detected during frame transfer in I°C bus format slave mode.

Bit 7

ESTP Description

0 No error stop condition (Initial value)
[Clearing conditions]
1. When 0 is written in ESTP after reading ESTP =1
2. When the IRIC flag is cleared to O

1 « In I’C bus format slave mode

Error stop condition detected

[Setting condition]

When a stop condition is detected during frame transfer
¢ In other modes

No meaning

Bit 6—Normal Stop Condition Detection Flag (STOP): Indicates that a stop condition has been
detected after completion of frame transfer in 1°C bus format slave mode.

Bit 6

STOP Description

0 No normal stop condition (Initial value)
[Clearing conditions]
1. When 0 is written in STOP after reading STOP =1
2. When the IRIC flag is cleared to O

1 + In I’C bus format slave mode

Normal stop condition detected

[Setting condition]

When a stop condition is detected after completion of frame transfer
¢ In other modes

No meaning

Bit 5—I°C Bus I nterface Continuous Transmission/Reception Interrupt Request Flag
(IRTR): Indicates that the 1°C bus interface has issued an interrupt request to the CPU, and the
source is completion of reception/transmission of one frame in continuous transmission/reception
for which DTC activation is possible. When the IRTR flag issetto 1, the IRIC flagisalso setto 1
at the same time.
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IRTR flag setting is performed when the TDRE or RDRF flag isset to 1. IRTR iscleared by
reading IRTR after it has been set to 1, then writing 0 in IRTR. IRTR is also cleared automatically
when the IRIC flag iscleared to 0.

Bit 5

IRTR Description

0 Waiting for transfer, or transfer in progress (Initial value)
[Clearing conditions]
1. When 0 is written in IRTR after reading IRTR = 1
2. When the IRIC flag is cleared to O

1 Continuous transfer state

[Setting conditions]
« In I’C bus interface slave mode

When the TDRE or RDRF flag is set to 1 when AASX =1
¢ In other modes

When the TDRE or RDRF flag is setto 1

Bit 4—Second Slave Address Recognition Flag (AASX): In I°C bus format slave receive mode,
thisflag isset to 1 if the first frame following a start condition matches bits SVAX6 to SVAX0 in

SARX.

AASX iscleared by reading AASX after it has been set to 1, then writing 0 in AASX. AASX is
also cleared automatically when a start condition is detected.

Bit 4
AASX Description
0 Second slave address not recognized (Initial value)
[Clearing conditions]
1. When 0 is written in AASX after reading AASX =1
2. When a start condition is detected
3. In master mode
1 Second slave address recognized

[Setting condition]
When the second slave address is detected in slave receive mode while FSX =0
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Bit 3—Arbitration Lost (AL): Thisflag indicates that arbitration was lost in master mode. The
I’C bus interface monitors the bus. When two or more master devices attempt to seize the bus at
nearly the same time, if the 1°C bus interface detects data differing from the dataiit sent, it sets AL
to 1 to indicate that the bus has been taken by another master.

AL iscleared by reading AL after it has been set to 1, then writing 0 in AL. In addition, AL is
reset automatically by write accessto ICDR in transmit mode, or read accessto ICDR in receive
mode.

Bit 3
AL Description
0 Bus arbitration won (Initial value)

[Clearing conditions]
1. When ICDR data is written (transmit mode) or read (receive mode)
2. When 0 is written in AL after reading AL =1

1 Arbitration lost

[Setting conditions]

1. If the internal SDA and SDA pin disagree at the rise of SCL in master transmit
mode

2. If the internal SCL line is high at the fall of SCL in master transmit mode

Bit 2—Slave Address Recognition Flag (AAS): In I°C bus format slave receive mode, thisflag is
set to 1 if the first frame following a start condition matches bits SVA6 to SVAO in SAR, or if the
genera call address (H'00) is detected.

AASiscleared by reading AAS after it has been set to 1, then writing 0 in AAS. In addition, AAS
isreset automatically by write accessto ICDR in transmit mode, or read accessto ICDR in receive
mode.
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Bit 2
AAS Description
0 Slave address or general call address not recognized (Initial value)
[Clearing conditions]
1. When ICDR data is written (transmit mode) or read (receive mode)
2. When 0 is written in AAS after reading AAS =1
3. In master mode
1 Slave address or general call address recognized

[Setting condition]

When the slave address or general call address is detected in slave receive mode while
FS=0

Bit 1—General Call Address Recognition Flag (ADZ): In I°C bus format slave receive mode,
thisflag isset to 1 if the first frame following a start condition is the general call address (H'00).

ADZ iscleared by reading ADZ after it has been set to 1, then writing 0 in ADZ. In addition, ADZ
isreset automatically by write accessto ICDR in transmit mode, or read accessto ICDR in receive

mode.
Bit 1
ADZ Description
0 General call address not recognized (Initial value)
[Clearing conditions]
1. When ICDR data is written (transmit mode) or read (receive mode)
2. When 0 is written in ADZ after reading ADZ = 1
3. In master mode
1 General call address recognized

[Setting condition]
When the general call address is detected in slave receive mode while FSX=00or FS=0
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Bit 0—Acknowledge Bit (ACKB): Stores acknowledge data. In transmit mode, after the
receiving device receives data, it returns acknowledge data, and this datais|oaded into ACKB. In
receive mode, after data has been received, the acknowledge data set in this bit is sent to the
transmitting device.

When thisbit isread, in transmission (when TRS = 1), the value loaded from the busline
(returned by the receiving device) isread. In reception (when TRS = 0), the value set by internal
software is read.

When this bit is written to, the acknowledge data transmitted at the receipt is rewritten regardless
of the TRS value. The data loaded fom the receiving device is retained, therefore take care of
using bit-manipulation instructions.

Bit 0

ACKB Description

0 Receive mode: 0 is output at acknowledge output timing (Initial value)
Transmit mode: Indicates that the receiving device has acknowledged the data (signal
is 0)

1 Receive mode: 1 is output at acknowledge output timing

Transmit mode: Indicates that the receiving device has not acknowledged the data
(signal is 1)

16.2.7 Serial/Timer Control Register (STCR)

Bit 7 6 5 4 3 2 1 0

‘ IICS ‘ IICX1 ‘ IICX0 ‘ IICE ‘ FLSHE ‘ — ‘ ICKS1 ‘ ICKSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

STCR is an 8-bit readable/writable register that controls register access, the I°C interface operating
mode (when the on-chip 11C option is included), and on-chip flash memory (F-ZTAT versions),
and selects the TCNT input clock source. For details of functions not related to the 1°C bus
interface, see section 3.2.4, Serial Timer Control Register (STCR), and the descriptions of the
relevant modules. If amodule controlled by STCR is not used, do not write 1 to the corresponding
bit.

STCRisinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—I°C Extra Buffer Select (11CS): Designates bits 7 to 4 of port A as the same kind of
output buffer as SCL and SDA. This bit is used when implementing the I°C interface by software
only.

Bit 7

lICS Description

0 PA7 to PA4 are normal I/O pins (Initial value)
1 PA7 to PA4 are 1/0 pins with bus driving capability

Bits 6 and 5—I°C Transfer Select 1 and 0 (11CX1 and 0): This bit, together with bits CKS2 to
CKS0in ICMR, selects the transfer rate in master mode. For details, see section 16.2.4, 1°C Bus
Mode Register (ICMR).

Bit 4—I°C Master Enable (11 CE): Controls CPU access to the I°C businterface data and control
registers (ICCR, ICSR, ICDR/SARX, ICMR/SAR).

Bit 4

IICE Description

0 CPU access to I°C bus interface data and control registers is disabled  (Initial value)
1 CPU access to I°C bus interface data and control registers is enabled

Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU access to the flash
memory control registers, the power-down mode control registers, and the supporting module
control registers. See section 3.2.4, Serial Timer Control Register (STCR), for details.

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

Bits 1 and 0—Internal Clock Source Select 1 and 0 (ICK S1, ICSK0): These hits, together with
bits CKS2 to CKS0 in TCR, select the clock input to the timer counters (TCNT). For details, see
section 12.2.4, Timer Control Register (TCR).
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16.28 DDC Switch Register (DDCSWR)
Bit 7 6 5 4 3 2 1 0

‘ SWE ‘ SwW ‘ IE ‘ IF ‘ CLR3 ‘ CLR2 ‘ CLR1 ‘ CLRO ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write RIW RIW RW  R/(W)*l w2 w2 w2 w2

Notes: 1. Only 0 can be written, to clear the flag.

2. Always read as 1.

DDCSWR is an 8-hit readable/writable register that is used to initialize 11 C and controls I1C
internal latch clearance.

DDCSWR isinitialized to H'OF by areset and in hardware standby mode.

Bit 7—DDC Mode Switch Enable (SWE): Selects the function for automatically switching I1C
channel 0 from formatless mode to the I°C bus format.

Bit 7

SWE Description

0 Automatic switching of [IC channel 0 from formatless mode to I°C bus format is
disabled (Initial value)

1 Automatic switching of IIC channel 0 from formatless mode to I°C bus format is

enabled

Bit 6—DDC Mode Switch (SW): Selects either formatless mode or the I°C bus format for 11C

channel 0.

Bit 6

sSwW Description

0 IIC channel 0 is used with the 1°C bus format (Initial value)
[Clearing conditions]
1. When 0 is written by software
2. When a falling edge is detected on the SCL pin when SWE =1

1 IIC channel 0 is used in formatless mode

[Setting condition]
When 1 is written in SW after reading SW =0
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Bit 5—DDC Mode Switch Interrupt Enable Bit (1E): Enables or disables an interrupt request to
the CPU when automatic format switching is executed for [1C channel 0.

Bit 5

IE Description

0 Interrupt when automatic format switching is executed is disabled (Initial value)
1 Interrupt when automatic format switching is executed is enabled

Bit 4—DDC Mode Switch Interrupt Flag (1F): Flag that indicates an interrupt request to the
CPU when automatic format switching is executed for |1C channel 0.

Bit 4

IF Description

0 No interrupt is requested when automatic format switching is executed  (Initial value)
[Clearing condition]
When 0 is written in IF after reading IF = 1

1 An interrupt is requested when automatic format switching is executed

[setting condition]
When a falling edge is detected on the SCL pin when SWE =1

Bits3to 0—IIC Clear 3to 0 (CLR3to CLRO): These bits control initialization of the internal
state of 11CO and |1C1.

These bits can only be written to; if read they will always return avalue of 1.

When awrite operation is performed on these bits, a clear signa is generated for theinternal latch
circuit of the corresponding module(s), and the internal state of the I1C module(s) isinitialized.

The write data for these bitsis not retained. To perform I1C clearance, bits CLR3 to CLRO must be
written to simultaneously using an MOV instruction. Do not use a bit-manipulation instruction
such as BCLR.

When clearing is required again, all the bits must be written to in accordance with the setting.
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Bit 3 Bit 2 Bit 1 Bit 0
CLR3 CLR2 CLR1 CLRO Description
0 0 — — Setting prohibited
1 0 0 Setting prohibited
1 IICO internal latch cleared
1 0 IIC1 internal latch cleared
1 IIC0O and IIC1 internal latches cleared
1 — — — Invalid setting

16.29 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the MSTP4 or MSTP3 hit is set to 1, operation of the corresponding I1C channel is halted at
the end of the bus cycle, and atransition is made to module stop mode. For details, see section
25.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRL Bit 4—Module Stop (M STP4): Specifies |1C channel 0 module stop mode.

MSTPCRL

Bit 4

MSTP4 Description

0 IIC channel 0 module stop mode is cleared

1 1IC channel 0 module stop mode is set (Initial value)
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MSTPCRL Bit 3—Module Stop (M STP3): Specifies |1C channel 1 module stop mode.

MSTPCRL

Bit 3

MSTP3 Description

0 IIC channel 1 module stop mode is cleared

1 IIC channel 1 module stop mode is set (Initial value)

16.3  Operation

16.3.1 1°C BusData Format
The I°C bus interface has serial and 1°C bus formats.

The I°C bus formats are addressing formats with an acknowledge bit. These are shown in figures
16.3 () and (b). Thefirst frame following a start condition always consists of 8 hits.

[1C channel 0 only is capable of formatless operation, as shown in figure 16.4.

The serial format is a non-addressing format with no acknowledge bit. Although start and stop
conditions must be issued, this format can be used as a synchronous serial format. Thisis shownin
figure 16.5.

Figure 16.6 shows the I°C bus timing.

The symbolsused in figures 16.3 to 16.6 are explained in table 16.4.
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(a) 12C bus format (FS =0 or FSX = 0)

s stA |[rwW| A | pata [ A | |aa] P |
"""" Legend:
| 1 ’ } 1 = 1 n | 1 | \<L—<L>\ n: transfer bit count
1 (n=1to8)
m
m: transfer frame count
(m=1)
(b) 12C bus format (start condition retransmission, FS = 0 or FSX = 0)
| s | sia [rw| A | bata | [AA]| s | sia [rwW| A | pata | [AA]| P |
1 7 1 1 ni | 1 1 7, 1.,1 n2 | 1 1
I T [ 1 I I I | I |
1 ml 1 m2

Legend:
nl and n2: transfer bit count (n1 and n2 = 1 to 8)
m1 and m2: transfer frame count (m1 and m2 = 1)

Figure 16.3 1°C Bus Data Formats (I°C Bus Formats)

ICO only, FS = 0 or FSX =0

DATA | A | DATA | A | | AA |
8 1 n 1 1
‘ ‘ | R Legend:
1 m n: transfer bit count (n = 1 to 8)
= = m: transfer frame count (m > 1)

Figure16.4 Formatless

FS=1and FSX=1

S DATA DATA | :III
"""""" Legend:
| 1. 8 ] n -] <L> n: transfer bit count
1 (n=1to 8)
m .
—~ - - m: transfer frame count
(m=1)

Figure16.5 1°C BusData Format (Serial Format)
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=Y Ve 'an WiV wis an WV wis an an W 2

S SLA RW A DATA A DATA A/A P

Figure 16.6 1°C BusTiming

Table16.4 1°C BusData Format Symbols

Legend

S Start condition. The master device drives SDA from high to low while SCL is high

SLA Slave address, by which the master device selects a slave device

R/W Indicates the direction of data transfer: from the slave device to the master device
when R/W is 1, or from the master device to the slave device when R/W is 0

A Acknowledge. The receiving device (the slave in master transmit mode, or the master
in master receive mode) drives SDA low to acknowledge a transfer

DATA Transferred data. The bit length is set by bits BC2 to BCO in ICMR. The MSB-first or
LSB-first format is selected by bit MLS in ICMR

P Stop condition. The master device drives SDA from low to high while SCL is high

16.3.2 Master Transmit Operation

In 1°C bus format master transmit mode, the master device outputs the transmit clock and transmit
data, and the dave device returns an acknowledge signal .

The transmission procedure and operations by which datais sequentially transmitted in
synchronization with ICDR write operations, are described below.

(1) SetthelCEbitinICCRtol. Set bits MLS, WAIT, and CKS2 to CKS0 in ICMR, and bit [ICX
in STCR, according to the operation mode.

(2) Readthe BBSY flag to confirm that the busisfree.

(3) Setthe MST and TRS hitsto 1 in ICCR to select master transmit mode.

(4) Write 1to BBSY and 0 to SCP. This switches SDA from high to low when SCL is high, and
generates the start condition.

(5) When the start condition is generated, the IRIC and IRTR flags are set to 1. If the IEIC bit in
ICCR has been set to |, an interrupt request is sent to the CPU.
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(6) Write datato ICDR (slave address + R/W)

With the 1°C bus format (when the FS bit in SAR or the FSX bit in SARX is 0), the first frame
data following the start condition indicates the 7-bit slave address and transmit/receive
direction.

Then clear the IRIC flag to indicate the end of transfer.

Writing to ICDR and clearing of the IRIC flag must be executed continuously, so that no
interrupt isinserted.

If aperiod of time that is equal to transfer one byte has elapsed by thetimethe IRIC flag is
cleared, the end of transfer cannot be identified.

The master device sequentially sends the transmit clock and the data written to ICDR with the
timing shown in figure 16.7. The selected slave device (i.e., the slave device with the
matching slave address) drives SDA low at the Sth transmit clock pulse and returns an
acknowledge signal.

(7) When one frame of data has been transmitted, the IRIC flag is set to 1 at the rise of the 9th
transmit clock pulse. After one frame has been transmitted, SCL is automatically fixed low in
synchronization with the internal clock until the next transmit data is written.

(8) Read the ACKB hit to confirm that ACKB is 0. When the dave device has not returned an
acknowledge signal and ACKB remains 1, execute the transmit end processing described in
step (12) and perform transmit operation again.

(9) Write the next data to be transmitted in ICDR. To indicate the end of data transfer, clear the
IRIC flag to O.

Asdescribed in step (6) above, writing to ICDR and clearing of the IRIC flag must be
executed continuously so that no interrupt is inserted.
The next frame is transmitted in synchronization with the internal clock.

(10) When one frame of data has been transmitted, the IRIC flag is set to 1 at the rise of the Sth
transmit clock pulse. After one frame has been transmitted, SCL is automatically fixed low in
synchronization with the internal clock until the next transmit datais written.

(11) Read the ACKB hit of ICSR. Confirm that the slave device has returned an acknowledge
signal and ACKB is 0. When more datais to be transmitted, return to step (9) to execute next
transmit operation. If the slave device has not returned an acknowledge signal and ACKB is 1,
execute the transmit end processing described in step (12).

(12) Clear the IRIC flag to 0. Write BBSY and SCP of ICCR to 0. By doing so, SDA is changed
from low to high while SCL is high and the transmit stop condition is generated.
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Start condition
generation

SCL
(master output)

SDA —\
(master output) —
Slave address —— R/W |[7] <— Datal—
SDA A
(slave output) [5]
IRIC
IRTR \
ICDR Xaddress + RIW Datal |
Note: Data write
timing in ICDR "
ICDR Writing
- enable
ICDR Writing
prohibited
User processing [4] Write BBSY =1  [6] ICDR write [6] IRIC clear [9] ICDR write
and SCP =0 [9] IRIC clear

(start condition
issuance)

Figure 16.7 Example of Master Transmit Mode Operation Timing
(MLS=WAIT =0)

16.3.3 Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data, and returns an
acknowledge signal. The slave device transmits data

The receive procedure and operations by which datais sequentially received in synchronization
with |CDR read operations, are described below.

(1) Clear the TRS bit of ICCR to 0 and switch from transmit mode to receive mode. Set the
WAIT bit to 1 and clear the ACKB hit of ICSR to 0 (acknowledge data setting).

(2) When ICDRisread (dummy data read), reception is started and the receive clock is output,
and datais received, in synchronization with the internal clock. To indicate the wait, clear the
IRIC flag to O.

Reading from ICDR and clearing of the IRIC f1lag must be executed continuously so that no
interrupt isinserted.

If aperiod of timethat is equal to transfer one byte has elapsed by the timethe IRIC flag is
cleared, the end of transfer cannot be identified.
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©)

(4)

®)

(6)

@)

©)

©)

ThelIRIC flag is set to 1 at the fall of the 8th clock of a one-frame reception clock. At this
point, if the IEIC hit of ICCR is set to 1, an interrupt request is generated to the CPU.

SCL isautomatically fixed low in synchronization with the internal clock until the IRIC flag
iscleared. If thefirst frameisthe final reception frame, execute the end processing as
described in (10).

Clear the IRIC flag to O to release from the wait state.

The master device outputs the 9th receive clock pulse, sets SDA to low, and returns an
acknowledge signal.

When one frame of data has been transmitted, the IRIC and IRTR flags are set to 1 at therise
of the 9th transmit clock pulse.

The master device continues to output the receive clock for the next receive data.

Read the ICDR receive data.

Clear the IRIC flag to indicate the next wait.

From clearing of the IRIC flag to completion of data transmission as described in steps (5),
(6), and (7), must be performed within the time taken to transfer one byte, because releasing
of the wait state as described in step (4) (or (9)).

ThelIRIC flagis set to 1 at the fall of the 8th one-frame reception clock pulse. SCL is
automatically fixed low in synchronization with the internal clock until the IRIC flag is
cleared. If thisframeisthe final reception frame, execute the end processing as described in
(10).

Clear the IRIC flag to O to release from the wait state. The master device outputs the 9th
reception clock pulse, sets SDA to low, and returns an acknowledge signal .

By repeating steps (5) to (9) above, more data can be received.

(10) Set the ACKB bit of ICSR to 1 and set the acknowledge data for the final reception.

Set the TRS hit of ICCR to 1 to change receive mode to transmit mode.

(11) Clear the IRIC flag to release from the wait state.
(12) When one frame of data has been received, the IRIC flag is set to 1 at the rise of the Sth

reception clock pulse.

(13) Clear the WAIT bhit of ICMR to 0 to cancel wait mode. Read the ICDR receive data and clear

the IRIC flag to O.
Clear the IRIC flag only when WAIT = 0.

(If the stop-condition generation command is executed after clearing the IRIC flag to 0 and
then clearing the WAIT bit to 0, the SDA lineisfixed low and the stop condition cannot be
generated.)

(14) Write 0 to BBSY and SCP. This changes SDA from low to high when SCL is high, and

generates the stop condition.
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Master transmit mode

Master receive mode

SCL

[\

(master output)

SDA
(slave output)

A/

9

SDA
(master output)

5]

1 2 3 4 5

(ei) eito} s  gia )} e )

~¢—— Data2

A 1/

Y

\
e s L L
ICDR X Data 1
[6] ICDR read [7] IRIC clear

User processing

[1] TRS cleared to 0 [2] ICDR read
WAIT setto 1

(dummy read)

ACKB cleared to 0

[2] IRIC clear

[4] IRIC clear

(Data 1)

Figure 16.8 (a) Example of Master Receive M ode Operation Timing
(MLS=ACKB=0,WAIT =1)

(Data 2)

SCL
(master output) _/_8\ 9 1 2 3 4 5 6 8 9 1 2
SDA < BitO Bit7 X Bit6
(slave output) - --
Data 2 -———————— Data3————p ~¢— Data4—
[8] [5] [8] [5]
SDA \ A A / )
(master output) | I
Y Y \f \J
IRIC
IRTR A \ f . \\
ICDR Data 1 X Data 2 X Data 3
User processing  [9] IRIC clear [6] ICDR read [7] IRIC clear [9] IRIC Clear [6] ICDR read [7] IRIC clear
(Data 3)

Figure16.8 (b) Example of Master Receive Mode Operation Timing
(MLS=ACKB=0,WAIT =1)

Rev. 4.00 Sep 27,2006 page 527 of 1130

RENESAS

REJ09B0327-0400



Section 16 I°C Bus Interface [Option]

16.3.4  Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
dave device returns an acknowledge signal. The reception procedure and operationsin slave
receive mode are described below.

[1] Set the ICE bitin ICCR to 1. Set the MLS bit in ICMR and the MST and TRS bitsin ICCR
according to the operating mode.

[2] When the start condition output by the master device is detected, the BBSY flag in ICCR is set
tol.

[3] When the slave address matches in the first frame following the start condition, the device
operates as the slave device specified by the master device. If the 8th data bit (R/'W) is 0, the
TRShit in ICCR remains cleared to 0, and slave receive operation is performed.

[4] At the 9th clock pulse of the receive frame, the dave device drives SDA low and returns an
acknowledge signal. At the same time, the IRIC flag in ICCR is set to 1. If the IEIC bit in
ICCR has been set to 1, an interrupt request is sent to the CPU. If the RDRF internal flag has
been cleared to 0, it is set to 1, and the receive operation continues. If the RDRF internal flag
has been set to 1, the slave device drives SCL low from the fall of the receive clock until data
isread into ICDR.

[5] Read ICDR and clear the IRIC flag in ICCR to 0. The RDRF flag is cleared to 0.

Receive operations can be performed continuously by repeating steps [4] and [5]. When SDA is
changed from low to high when SCL is high, and the stop condition is detected, the BBSY flagin
ICCRiscleared to 0.
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Start condition
generation

SCL
(master output) 1 2 3 4 5 6 7 8 9 1 2

SCL
(slave output)

SDA _\ £Bit7 XBite XBits X Bita X Bit3 X Bit2 { Bit1 X Bito / \git7 Y Bite X

(master output) —
-¢——— Slave address ——— »» R/W -¢—Datal —

SDA
(slave output)

[4]
A/
RDRF
/
IRIC Interrup't request
generation

ICDRS X Address + RW |
ICDRR Address + RIW |
User processing [5] ICDRread [5] IRIC clear

Figure16.9 Example of Slave Receive Mode Operation Timing (1) (MLS=ACKB =0)
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SCL
(master output)

SCL
(slave output)
SDA . . - . : - . . . .
(master outputy ) Bt L }(Bit0 Bit 7 ) Bit6 X Bit5 { Bit4 X Bit3 )} Bit2 X Bit 1 Bito
— Datal—m | - Data 2 | [
SDA
(slave output) \| A / \ A/
RDRF |
 J \j
Interrupt Interrupt
IRIC request —I request
generation generation
ICDRS Data 1 X \ Data 2
ICDRR X paa1 \ X Data 2
User processing [5] ICDR read [5] IRIC clear

Figure 16.10 Example of Slave Receive Mode Operation Timing (2) (MLS=ACKB =0)
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16.35 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, while the master device outputs
the receive clock and returns an acknowledge signal. The transmission procedure and operationsin
dlave transmit mode are described below.

[1] Set the ICE bitin ICCR to 1. Set the MLS bit in ICMR and the MST and TRS bitsin ICCR
according to the operating mode.

[2] When the slave address matches in the first frame following detection of the start condition,
the dave device drives SDA low at the 9th clock pulse and returns an acknowledge signal. At
the sametime, the IRIC flag in ICCR is set to 1. If the IEIC bit in ICCR has been set to 1, an
interrupt request is sent to the CPU. If the 8th data bit (R/W) is 1, the TRS bitin ICCR is set to
1, and the mode changes to slave transmit mode automatically. The TDRE internal flag is set
to 1. The slave device drives SCL low from the fall of the transmit clock until ICDR datais
written.

[3] After clearing the IRIC flag to 0, write datato ICDR. The TDRE internal flag is cleared to O.
The written datais transferred to ICDRS, and the TDRE internal flag and the IRIC and IRTR
flags are set to 1 again. After clearing the IRIC flag to O, write the next datato ICDR. The
dave device sequentially sends the data written into ICDR in accordance with the clock output
by the master device at the timing shown in figure 16.11.

[4] When one frame of data has been transmitted, the IRIC flag in ICCR is set to 1 at the rise of
the 9th transmit clock pulse. If the TDRE internal flag has been set to 1, this dave device
drives SCL low from the fall of the transmit clock until dataiswritten to ICDR. The master
device drives SDA low at the 9th clock pulse, and returns an acknowledge signal. Asthis
acknowledge signal is stored in the ACKB bit in ICSR, this bit can be used to determine
whether the transfer operation was performed normally. When the TDRE internal flag is O, the
data written into ICDR istransferred to ICDRS, transmission is started, and the TDRE internal
flag and the IRIC and IRTR flags are set to 1 again.

[5] To continue transmission, clear the IRIC flag to 0, then write the next data to be transmitted
into ICDR. The TDRE internal flag is cleared to 0.

Transmit operations can be performed continuously by repesting steps[4] and [5]. To end
transmission, write H'FF to ICDR to release SDA on the dave side. When SDA is changed from
low to high when SCL is high, and the stop condition is detected, the BBSY flag in ICCR is
cleared to O.

Rev. 4.00 Sep 27,2006 page 531 of 1130
REJ09B0327-0400
RENESAS



Section 16 I°C Bus Interface [Option]

Slave receive mode | Slave transmit mode

[
-t}

SCL
(master output)

SCL

(slave output)

SDA
(slave output)

Bit4X Bit3X BitZX BithBitO

\'Bit 7 Bit6 ) Bit5 X

\ Bit7 X Bit6 X

Data 1 - -a—Data 2 —

SDA : A
(master output) R/W.' A/

Y
TDRE

i Y 3

IRIC Interrupt 1 Interrupt | Interrupt

request ! request request

generatior;/ generation generation/(
ICDRT /E Data 1 X Data 2 X

/ i A 4

ICDRS /X Data 1 X paaz [
User processing [3] IRIC [3] ICDR write [3] ICDR write [5] IRIC [5] ICDR write

clear clear

Figure16.11 Example of Slave Transmit Mode Operation Timing (MLS = Q)
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16.3.6  IRIC Setting Timing and SCL Control

Theinterrupt request flag (IRIC) is set at different times depending on the WAIT bit in ICMR, the
FShitin SAR, and the FSX bit in SARX. If the TDRE or RDRF internal flag isset to 1, SCL is
automatically held low after one frame has been transferred; this timing is synchronized with the
internal clock. Figure 16.12 shows the IRIC set timing and SCL control.

(@) When WAIT =0, and FS = 0 or FSX = 0 (12C bus format, no wait)

scL 7 8 9 AN 1

SDA 7 X 8 X\A [ 1

IRIC [ ] /
b /

User processing Clear IRIC Write to ICDR (transmit)
or read ICDR (receive)

(b) When WAIT =1, and FS = 0 or FSX = 0 (I2C bus format, wait inserted)

e \ ’ \ ’ Y
SCL . \ . . . .
8 , . 9 , \ , N 1

IRIC | |! | /
T e o

User processing Clear Clear Write to ICDR (transmit)
IRIC IRIC orread ICDR (receive)

(c) When FS =1 and FSX =1 (synchronous serial format)
scL g 8 1

oA 7 X |8 ) A

IRIC * | /
/ /

User processing Clear IRIC Write to ICDR (transmit)
or read ICDR (receive)

Figure16.12 |RIC Setting Timing and SCL Control
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16.3.7  Automatic Switching from Formatless Mode to I°C Bus Format

Setting the SW hit to 1 in DDCSWR enables formatless mode to be selected as the I1CO operating
mode. Switching from formatless mode to the I°C bus format (slave mode) is performed
automatically when afalling edge is detected on the SCL pin.

The following four preconditions are necessary for this operation:

« A common data pin (SDA) for formatless and 1°C bus format operation
» Separate clock pins for formatless operation (VSYNCI) and I°C bus format operation (SCL)

» A fixed 1level for the SCL pin during formatless operation (the SCL pin does not output a low
level)

*  Settings of bits other than TRSin ICCR that allow 1°C bus format operation

Automatic switching is performed from formatless mode to the I°C bus format when the SW bit in
DDCSWR isautomatically cleared to 0 on detection of afalling edge on the SCL pin. Switching
from the I°C bus format to formatless mode is achieved by having software set the SW bit in
DDCSWR o 1.

In formatless mode, bits (such asMSL and TRS) that control the I°C bus interface operating mode
must not be modified. When switching from the 1°C bus format to formatless mode, set the TRS
bit to 1 or clear it to 0 according to the transmit data (transmission or reception) in formatless
mode, then set the SW bit to 1. After automatic switching from formatless mode to the 1°C bus
format (slave mode), in order to wait for slave address reception, the TRS bit is automatically
cleared to O.

If afalling edge is detected on the SCL pin during formatless operation, the I°C bus interface
operating mode is switched to the 1°C bus format without waiting for a stop condition to be
detected.
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16.3.8 Operation Usingthe DTC

The I°C bus format provides for selection of the slave device and transfer direction by means of
the slave address and the R/W bit, confirmation of reception with the acknowledge bit, indication
of the last frame, and so on. Therefore, continuous data transfer using the DTC must be carried out
in conjunction with CPU processing by means of interrupts.

Table 16.5 shows some examples of processing using the DTC. These examples assume that the
number of transfer data bytesis known in slave mode.

Table16.5 Examplesof Operation Usingthe DTC

Master Transmit Master Receive Slave Transmit Slave Receive

Item Mode Mode Mode Mode

Slave address + Transmission by ~ Transmission by  Reception by Reception by CPU
R/W bit DTC (ICDR write) CPU (ICDR write) CPU (ICDR read) (ICDR read)
transmission/

reception

Dummy data — Processing by — —

read CPU (ICDR read)

Actual data Transmission by  Reception by Transmission by  Reception by DTC

transmission/ DTC (ICDR write) DTC (ICDRread) DTC (ICDR write) (ICDR read)
reception

Dummy data — — Processing by —
(H'FF) write DTC (ICDR write)
Last frame Not necessary Reception by Not necessary Reception by CPU
processing CPU (ICDR read) (ICDR read)
Transfer request 1sttime: Clearing Not necessary Automatic clearing Not necessary
processing after by CPU on detection of end
last frame 2nd time: End condition during
processing condition issuance transmission of

by CPU dummy data (H'FF)
Setting of Transmission: Reception: Actual Transmission: Reception: Actual
number of DTC Actual data count data count Actual data count data count
transfer data + 1 (+1 equivalent + 1 (+1 equivalent
frames to slave address + to dummy data

R/W bits) (H'FF))
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16.3.9 Noise Canceler

Thelogic levels at the SCL and SDA pins are routed through noise cancelers before being latched
internally. Figure 16.13 shows a block diagram of the noise canceler circuit.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA)
input signal is sampled on the system clock, but is not passed forward to the next circuit unlessthe
outputs of both latches agree. If they do not agree, the previousvalueis held.

Sampling clock

SCL or
SDA input — ™
signal

C C
D Q D Q Match Internal
— ™ SCL or
Latch Latch detector SDA
signal

System clock
period

Sampling
clock

| ] ]

Figure 16.13 Block Diagram of Noise Canceler

16.3.10 Sample Flowcharts

Figures 16.14 to 16.17 show sample flowcharts for using the I°C bus interface in each mode.
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| Initialize |

Set MST = 1 and
TRS = 1in ICCR
I
Write BBSY = 1
and SCP = 0in ICCR

| Write transmit data in ICDR |
I
[ Clear IRIC in ICCR |

| Write transmit data in ICDR |
I
[ Clear IRIC in ICCR |

Read IRIC in ICCR

[ Read ACKB in ICSR |

End of transmission
or ACKB =1?

Clear IRIC in ICCR |
I
Write BBSY =0
and SCP = 01in ICCR

End

[1] Initialize

[2] Test the status of the SCL and SDA lines.

[3] Select master transmit mode.

[4] Start condition issuance

[5] Wait for a start condition generation

[6] Set transmit data for the first byte (slave
address + R/W).
(After writing ICDR, clear IRIC
immediately)

[7] Wait for 1 byte to be transmitted.

[8] Test the acknowledge bit, transferred from
slave device.

[vaster receive moce ]|

[9] Set transmit data for the second and
subsequent bytes.
(After writing ICDR, clear IRIC
immediately)

[10] Wait for 1 byte to be transmitted.

[11] Test for end of transfer

[12] Stop condition issuance

Figure16.14 Flowchart for Master Transmit Mode (Example)

Rev. 4.00 Sep 27,2006 page 537 of 1130
REJ09B0327-0400

RENESAS




Section 16 I°C Bus Interface [Option]

[T Master receive operation |
[ settrs - 0in ICCR
[ setwarr :‘ 1in ICMR
[ setacks L 0in ICSR
|
|

[1] Select receive mode

I
Read ICDR
I
Clear IRIC in ICCR

Read IRIC in ICCR

[2] Start receiving. The first read is a dummy
read. After reading ICDR, please clear
IRIC immediately.

7] 3] Wait for 1 byte to be received.
(8th clock falling edge)

[4] Clear IRIC to trigger the 9th clock.
(to end the wait insertion)

[5] Wait for 1 byte to be received.
(9th clock risig edge)

I
[ cearriciniccr ]

Read IRIC in ICCR

[7] Clear IRIC

[8] Wait for the next data to be received.
(8th clock falling edge)

| Read ICDR | ] [6] Read the receive data.

| Clear IRIC in ICCR | [9] Clear IRIC to trigger tlje 9th clock.
(to end the wait insertion)

—

| Set ACKB = 1 in ICSR | "] [10] Set ACKB =1 so as to return no
I acknowledge, or set TRS = 1 so as not

| SetTRS = 11n ICCR | | to issue extra clock.
I

| Clear IRIC in ICCR | ] [11] Clear IRIC to trigger the 9th clock.
I (to end the wait insertion)

Read IRICinICCR |

| I—

[12] Wait for 1 byte to be received.

[ setwar=oinicmr | | [13] SetwAIT=0.
I Read ICDR.
Clear IRIC.
[ Read ICDR |

(Note: After setting WAIT =0, IRIC
I should be cleared to 0.)
[ cearriciniccr ]

I
Write BBSY =0 } [14] Stop condition issuance.

and SCP =0in ICCR

End

Figure16.15 Flowchart for Master Receive Mode (Example)
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| Initialize |
\

| SetMST=0 | (1]
and TRS = 0in ICCR

\
|  setAckB=0inICSR |

(2]

|General call address processingl |

* Description omitte

| Slave transmit mode | |

| Read ICDR s

| Clear IRIC in ICCR |

Read IRIC in ICCR

[4]

e
[ setAckB=0inICSR | ] 5]
| Read‘ICDR | ] 6]

\
| Clear IRIC in ICCR |

Read IRIC in ICCR

| 7]

| Read ICDR | ] 8]
I
| Clear IRIC in ICCR |

End

L
2

Select slave receive mode.

Wait for the first byte to be received (slave
address).

[3
[4
[5
[6
[7
[8] Read the last receive data.

Start receiving. The first read is a dummy read.

Wait for the transfer to end.

Set acknowledge data for the last receive.

Start the last receive.

Wait for the transfer to end.

Figure16.16 Flowchart for Slave Receive M ode (Example)
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| | Slave transmit mode | |

|
|  ClarRICinICCR |

\
| Write transmit data in ICDR | ] [1] [1] Set transmit data for the second and
‘ subsequent bytes.

| Clear IRIC in ICCR | [2] Wait for 1 byte to be transmitted.

‘ [3] Test for end of transfer.

Read IRIC in ICCR | 7 [4] Select slave receive mode.

[5] Dummy read (to release the SCL line).

[2

|  ReadACKBinICSR | |[3]

of transmission
(ACKB =1)?

| setTRs=oiniccR | |4
‘ _|
| Read ICDR | sl
‘ B

| Clear IRIC in ICCR |

End

Figure16.17 Flowchart for Slave Transmit Mode (Example)
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16.3.11 Initialization of Internal State

The lIC has afunction for forcible initialization of itsinterna state if a deadlock occurs during
communication.

Initialization is executed by (1) setting bits CLR3 to CLRO in the DDCSWR register or (2)
clearing the I CE bit. For details of settings for bits CLR3 to CLRO, see section 16.2.8, DDC
Switch Register (DDCSWR).

Scope of Initialization:
Theinitialization executed by this function covers the following items:

e TDRE and RDRF internal flags
» Transmit/receive sequencer and internal operating clock counter

» Internal latches for retaining the output state of the SCL and SDA pins (wait, clock, data
output, etc.)

The following items are not initialized:

» Actua register values (ICDR, SAR, SARX, ICMR, ICCR, ICSR, DDCSWR, STCR)

e Internal latches used to retain register read information for setting/clearing flagsin the ICMR,
ICCR, ICSR, and DDCSWR registers

¢ Thevaue of the ICMR register bit counter (BC2 to BCO)

« Generated interrupt sources (interrupt sources transferred to the interrupt controller)

Notes on Initialization:

« Interrupt flags and interrupt sources are not cleared, and so flag clearing measures must be
taken as necessary.

« Basically, other register flags are not cleared either, and so flag clearing measures must be
taken as necessary.

¢ Wheninitialization is performed by means of the DDCSWR register, the write data for bits
CLR3 to CLRO is not retained. To perform I1C clearance, bits CLR3 to CLRO must be written
to simultaneously using an MOV instruction. Do not use a bit-manipulation instruction such as
BCLR. Similarly, when clearing is required again, all the bits must be written to
simultaneously in accordance with the setting.

« |If aflag clearing setting is made during transmission/reception, the 11C module will stop
transmitting/receiving at that point and the SCL and SDA pinswill be released. When
transmission/reception is started again, register initialization, etc., must be carried out as
necessary to enable correct communication as a system.
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The value of the BBSY bit cannot be modified directly by this module clear function, but since the
stop condition pin waveform is generated according to the state and release timing of the SCL and
SDA pins, the BBSY bit may be cleared as aresult. Similarly, state switching of other bits and
flags may also have an effect.

To prevent problems caused by these factors, the following procedure should be used when
initializing the |1C state.

1. Executeinitiaization of the internal state by setting of bit CLR3 to CLRO or by clearing ICE
bit.

2. Execute a stop condition issuance instruction (write 0 to BBSY and SCP) to clear the BBSY
bit to 0, and wait for two transfer rate clock cycles.

3. Re-executeinitialization of the internal state by setting of bit CLR3 to CLRO or by clearing
| CE hit.

4. Initialize (re-set) the l1C registers.

16.4  Usage Notes

» Inmaster mode, if an instruction to generate a start condition isimmediately followed by an
instruction to generate a stop condition, neither condition will be output correctly. To output
consecutive start and stop conditions, after issuing the instruction that generates the start
condition, read the relevant ports, check that SCL and SDA are both low, then issue the
instruction that generates the stop condition. Note that SCL may not yet have gone low when
BBSY iscleared to 0.

 Either of the following two conditions will start the next transfer. Pay attention to these
conditions when reading or writing to ICDR.
O Writeaccessto ICDR when ICE =1 and TRS = 1 (including automatic transfer from
ICDRT to ICDRS)
0O Read accessto ICDR when ICE = 1 and TRS = 0 (including automatic transfer from
ICDRSto ICDRR)

» Table 16.6 showsthe timing of SCL and SDA output in synchronization with the internal
clock. Timings on the bus are determined by the rise and fall times of signals affected by the
bus load capacitance, series resistance, and parallel resistance.
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Table 16.6 1°C Bus Timing (SCL and SDA Output)

Item Symbol  Output Timing Unit Notes
SCL output cycle time tseo 28t to 256t ns Figure 26.28
SCL output high pulse width tecto 0.5t ns (reference)
SCL output low pulse width teeio 0.5t , ns

SDA output bus free time touro 0.5ty , —1t,, ns

Start condition output hold time tsrano 0.5t -1t ns

Retransmission start condition output ~ t_ 1t ns

setup time

Stop condition output setup time tsros0 0.5t +2t ns

Data output setup time (master) teonso Lt =3, ns

Data output setup time (slave) 1t —(6t,, or 12tcyc*)

Data output hold time topmno 3t ns

Note: * 6t whenIICXis 0, 12t  when 1.

SCL and SDA input is sampled in synchronization with the internal clock. The AC timing
therefore depends on the system clock cyclet,, as shownin I’C Bus Timing in section 26,
Electrical Characteristics, and as shown in table 26.10. Note that the I°C bus interface AC

timing specifications will not be met with a system clock frequency of lessthan 5 MHz.

The I°C bus interface specification for the SCL rise timet, is under 1000 ns (300 nsfor high-
speed mode). In master mode, the 1°C bus interface monitors the SCL line and synchronizes
one hit at atime during communication. If t, (the time for SCL to go from low to V) exceeds
the time determined by the input clock of the 1°C bus interface, the high period of SCL is
extended. The SCL rise time is determined by the pull-up resistance and load capacitance of
the SCL line. To insure proper operation at the set transfer rate, adjust the pull-up resistance
and load capacitance so that the SCL rise time does not exceed the values given in the table
below.
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Table16.7 Permissible SCL Rise Time (t,) Values

Time Indication

I°’C Bus
toye o Specification @= P= 9= 9= ¢=
IICX Indication (Max.) 5MHz 8 MHz 10 MHz 16 MHz 20 MHz
0 7.5t Standard 1000 ns 1000ns 937ns 750ns 468ns 375ns
mode
High-speed 300 ns 300ns 300ns 300ns 300ns 300ns
mode
1 17.5t,, Standard 1000 ns 1000 ns 1000ns 1000ns 1000ns 875ns
mode
High-speed 300 ns 300ns 300ns 300ns 300ns 300ns
mode

+ Thel’C businterface specifications for the SCL and SDA rise and fall times are under 1000 ns
and 300 ns. The I’C businterface SCL and SDA output timing is prescribed by t,. asshownin
table 16.6. However, because of the rise and fall times, the I°C bus interface specifications may
not be satisfied at the maximum transfer rate. Table 16.8 shows output timing calculations for
different operating frequencies, including the worst-case influence of rise and fall times.

t,,. failsto meet the I°C bus interface specifications at any frequency. The solution is either ()
to provide coding to secure the necessary interval (approximately 1 ps) between issuance of a
stop condition and issuance of a start condition, or (b) to select devices whose input timing
permits this output timing for use as slave devices connected to the 1°C bus.

t...o IN high-speed mode and t,, ., in standard mode fail to satisfy the I°C bus interface
specifications for worst-case calculations of t./t,. Possible solutions that should be investigated
include (a) adjusting the rise and fall times by means of a pull-up resistor and capacitive load,
(b) reducing the transfer rate to meet the specifications, or (¢) selecting devices whose input
timing permits this output timing for use as slave devices connected to the I°C bus.
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Table 16.8 1°C Bus Timing (with Maximum Influence of t_/t.)

Time Indication (at Maximum Transfer Rate) [ns]

I°’C Bus
to/ty Specifi-
toe Influence cation @= = 0= = =
Item Indication (Max.) (Min.) 5MHz 8MHz 10 MHz 16 MHz 20 MHz
t..,  O05t,, Standard -1000 4000 4000 4000 4000 4000 4000
(-ts) mode
High-speed —-300 600 950 950 950 950 950
mode
teo 0.5t,,, Standard -250 4700 4750 4750 4750 4750 4750
(-t) mode
High-speed —250 1300  1000*' 1000 1000** 1000** 1000**
mode
tro 0.5t,,, Standard -1000 4700  3800*' 3875 3900"' 3938"" 3950™
-1t . (-t ) mode
High-speed —300 1300  750*' 825"" 850" 888" 900**
mode
touo  O0.5t,, Standard —250 4000 4550 4625 4650 4688 4700
-1t (-t ) mode
High-speed —250 600 800 875 900 938 950
mode
torco it (-t,) Standard -1000 4700 9000 9000 9000 9000 9000
mode
High-speed —300 600 2200 2200 2200 2200 2200
mode
toss  O5t,, Standard -1000 4000 4400 4250 4200 4125 4100
+2t, (-t ) mode
High-speed —-300 600 1350 1200 1150 1075 1050
mode
tono et Standard  -1000 250 3100 3325 3400 3513 3550
(master) -3t (-t ) mode
High-speed —-300 100 400 625 700 813 850
mode
tono  lt,*®  Standard  -1000 250 1300 2200 2500 2950 3100
(slave) -12t ** mode
) High-speed —300 100  -1400"' —500** —200** 250 400
mode
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Time Indication (at Maximum Transfer Rate) [ns]

I’C Bus
ty/tg, Specifi-
[ Influence cation @= P= 0= P= P=
Item Indication (Max.) (Min.)) 5MHz 8MHz 10 MHz 16 MHz 20 MHz
topmno 3t Standard O 0 600 375 300 188 150
mode
High-speed 0 0 600 375 300 188 150
mode

Notes: 1. Does not meet the I°’C bus interface specification. Remedial action such as the following
is necessary: (a) secure a start/stop condition issuance interval; (b) adjust the rise and
fall times by means of a pull-up resistor and capacitive load; (c) reduce the transfer rate;
(d) select slave devices whose input timing permits this output timing.

The values in the above table will vary depending on the settings of the IICX bit and bits
CKSO0 to CKS2. Depending on the frequency it may not be possible to achieve the
maximum transfer rate; therefore whether or not the I°C bus interface specifications are
met must be determined in accordance with the actual setting conditions.

2. Value when the IICX bit is set to 1. When the IICX bit is cleared to 0, the value is (t
—-6t_ ).
cyC

3. Calculated using the I°C bus specification values (standard mode: 4700 ns min.; high-
speed mode: 1300 ns min.).

SCLL

* Noteon ICDR Read at End of Master Reception

To halt reception at the end of areceive operation in master receive mode, set the TRS hit to 1
and write 0 to BBSY and SCPin ICCR. This changes SDA from low to high when SCL is
high, and generates the stop condition. After this, receive data can be read by means of an
ICDR read, but if data remainsin the buffer the ICDRS receive data will not be transferred to
ICDR, and so it will not be possible to read the second byte of data.

If it is necessary to read the second byte of data, issue the stop condition in master receive
mode (i.e. with the TRS bit cleared to 0). When reading the receive data, first confirm that the
BBSY hit in the ICCR register is cleared to 0, the stop condition has been generated, and the
bus has been released, then read the ICDR register with TRS cleared to 0.

Note that if the receive data (ICDR data) is read in the interval between execution of the
instruction for issuance of the stop condition (writing of 0 to BBSY and SCP in ICCR) and the
actual generation of the stop condition, the clock may not be output correctly in subsequent
master transmission.
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Clearing of the MST hit after completion of master transmission/reception, or other
modifications of I1C control bits to change the transmit/receive operating mode or settings,
must be carried out during interval (8) in figure 16.18 (after confirming that the BBSY bit has
been cleared to 0 in the ICCR register).

Stop condition Start condition

E @

SDA Tl A |_—| T b /E
N
mematcock | | [ | [t L[ | [ L "] |

BBSY bit : |

l_l_‘

L

Master receive mode

>

! ICDR reading : :
prohibited *
Execution of stop Confirmation of stop Start condition
condition issuance condition generation issuance
instruction (0 read from BBSY)
(O written to BBSY
and SCP)

Figure 16.18 Pointsfor Attention Concerning Reading of Master Receive Data

* Noteson Start Condition Issuance for Retransmission
Figure 16.19 shows the timing of start condition issuance for retransmission, and the timing for
subsequently writing data to |CDR, together with the corresponding flowchart. After start
condition issuance is done and determined the start condition, write the transmit datato ICDR,
as shown below.
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[1] Wait for end of 1-byte transfer

No 1]
[2] Determine whether SCL is low

| Clear IRIC in ICSR | [3] Issue restart condition instruction for retransmission

Tart conditon [4] Determine whether start condition is generated or not

issuance?

[other processing |

v [5] Set transmit data (slave address + R/W)
es

| Read SCL pin | 121 Note: Program so th_at processing from [3] to [5] is
executed continuously.

Yes

Write BBSY =1, 3
SCP = 0 (ICSR) 3]

@ No |

Yes

| Write transmit data to ICDR | [5]

Start condition
(retransmission)

SCL 9

SDA ACK / | | | bit 7 |

! h\

rRc [ ] |

[3] Start condition +
instruction issuance [4] IRIC
determination

[1] IRIC determination [2] Determination .
of SCL = low [5] ICDR write
(next transmit data)

Figure16.19 Flowchart and Timing of Start Condition Instruction I ssuance for
Retransmission
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Notes on I°C Bus Interface Stop Condition Instruction Issuance

If the rise time of the 9th SCL clock exceeds the specification because the bus load capacitance
islarge, or if there is a dave device of the type that drives SCL low to effect await, after rising
of the 9th SCL clock, issue the stop condition instruction after reading SCL and determining it
to be low, as shown below.

9th clock  High period secured

scL W A —
| —;

i [ As waveform rise is late,
SCL is detected as low

: /‘ A
SDA J ; |

Stop condition

IRIC : /

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

Figure16.20 Timing of Stop Condition Issuance
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* Noteson WAIT Function

O

Conditions to cause this phenomenon

When both of the following conditions are satisfied, the clock pulse of the 9th clock could

be outputted continuously in master mode using the WAIT function due to the failure of

the WAIT insertion after the 8th clock fall.

(1) Setting the WAIT bit of the ICMR register to 1 and operating WAIT, in master mode

(2) If the IRIC bit of interrupt flag is cleared from 1 to 0 between the fall of the 7th clock
and the fall of the 8th clock.

Error phenomenon

Normally, WAIT State will be cancelled by clearing the IRIC flag bit from 1 to 0 after the
fall of the 8th clock in WAIT State. In this case, if the IRIC flag bit is cleared between the
7th clock fall and the 8th clock fall, the IRIC flag clear- datawill be retained internally.
Therefore, the WAIT State will be cancelled right after WAIT insertion on 8th clock fall.

Restrictions

Please clear the IRIC flag before the rise of the 7th clock (the counter value of BC2
through BCO should be 2 or greater), after the IRIC flag is set to 1 on the rise of the 9th
clock.

If the IRIC flag-clear is delayed due to the interrupt or other processes and the value of BC
counter isturned to 1 or O, please confirm the SCL pinsarein L’ state after the counter
value of BC2 through BCO isturned to 0, and clear the IRIC flag. (Seefigure 16.21.)

ASD

SCL

| A | Transmit/receive data | A Transmlt/recelve|

data

1 SCL =
‘L’ confirm

1 1
1) 1
BC2—BCO|O|7|6|5|4|3|2 lilE\O |7|.6|5|
. .. \ IRIC clear ¥ When BC2-0 = 2
IRIC J ] IRIC clear
(operation E E E
example) v !
] 1 1,
1 |l 1

IRIC flag clear available IRIC flag clear available

IRIC flag clear unavailable

Figure16.21 |IRIC Flag Clear Timing on WAIT Operation
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Notes on ICDR Reads and ICCR Access in Slave Transmit Mode

In atransmit operation in the slave mode of the 1°C bus interface, do not read the ICDR register
or read or write to the ICCR register during the period indicated by the shaded portion in figure
16.22.

Normally, when interrupt processing is triggered in synchronization with the rising edge of the
9th clock cycle, the period in question has already elapsed when the transition to interrupt
processing takes place, so there is no problem with reading the ICDR register or reading or
writing to the ICCR register.

To ensure that the interrupt processing is performed properly, one of the following two

conditions should be applied.

(1) Make sure that reading received data from the ICDR register, or reading or writing to the
ICCR register, is completed before the next slave address receive operation starts.

(2) Monitor the BC2 to BCO counter in the ICMR register and, when the value of BC2 to BCO
is 000 (8th or 9th clock cycle), allow awaiting time of at least 2 transfer clock cyclesin
order to involve the problem period in question before reading from the ICDR register, or
reading or writing to the ICCR register.

Waveforms if
problem occurs

SDA RIW | A : | Bit 7

see. s L [ e 1 ; i — L

TRS Address received | Data transmission
Period when ICDR reads and ICCR
____ reads and writes are prohibited

ICDR write

b (6 system clock cycles)

Detection of 9th clock
cycle rising edge

Figure16.22 ICDR Read and ICCR Access Timing in Slave Transmit Mode
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Notes on TRS Bit Setting in Slave Mode

From the detection of the rising edge of the 9th clock cycle or of a stop condition to when the
rising edge of the next SCL pin signal is detected (the period indicated as (a) in figure 16.23)
in the slave mode of the I°C businterface, the value set in the TRS bit in the ICCR register is
effective immediately.

However, at other times (indicated as (b) in figure 16.23) the value set in the TRS bit is put on
hold until the next rising edge of the 9th clock cycle or stop condition is detected, rather than
taking effect immediately.

Thisresultsin the actua internal value of the TRS bit remaining 1 (transmit mode) and no
acknowledge bit being sent at the 9th clock cycle address receive completion in the case of an
address receive operation following arestart condition input with no stop condition
intervening.

When receiving an address in the slave mode, clear the TRS bit to O during the period
indicated as (a) in figure 16.23.

To cancel the holding of the SCL bit low by the wait function in the slave mode, clear the TRS
bit to 0 and then perform adummy read of the ICDR register.

Resumption condition

(b)

Po@

SDA I

1
|
I
| A 4
i
I
I

1 )
1 )
(@) TRS bit Data | | E Address reception
transmission i
(b) TRS bit ' :
1
i
1

b \ Period in which TRS bit setting is retained
T TRS bit effective value

Detection of rise of 9th
transmit/receive clock

Detection of rise of 9th

TRS bit setting value . .
transmit/receive clock

Figure 16.23 TRSBIt Setting Timing in Slave Mode
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Section 16 I°C Bus Interface [Option]

Notes on Arbitration Lost in Master Mode

The I°C bus interface recognizes the data in transmit/receive frame as an address when
arbitration islost in master mode and atransition to slave receive mode is automatically
carried out.

When arbitration islost not in the first frame but in the second frame or subsequent frame,
transmit/receive data that is not an address is compared with the value set in the SAR or SARX
register as an address. If the receive data matches with the address in the SAR or SARX
register, the I°C bus interface erroneously recognizes that the address call has occurred. (See
figure 16.24.)

In multi-master mode, a bus conflict could happen. When The I°C bus interface is operated in
master mode, check the state of the AL bit in the ICSR register every time after one frame of
data has been transmitted or received.

When arbitration islost during transmitting the second frame or subsequent frame, take
avoidance measures.

« Arbitration is lost
*The AL flag in ICSR is set to 1

12C bus interface —
(Master transmit mode) IS [ SLA [R/W[ A I I DATAL |

Transmit data match
Transmit timing match

Transmit data does not match

Other device
(Master transmit mode) I S [

SL‘A [rw]| a | | pataz | A | | DATAS | A |

Data contention

[ s | SiA [rw|a] [ sia [rw[a]| [ oatae [ A

I2C bus interface
(Slave receive mode)

* Receive address is ignored « Automatically transferred to slave

receive mode

* Receive data is recognized as
an address

* When the receive data matches to
the address set in the SAR or SARX
register, the 12C bus interface operates
as a slave device

Figure 16.24 Diagram of Erroneous Operation when Arbitration is L ost

Though it is prohibited in the normal 1°C protocol, the same problem may occur when the MST

bit is erroneoudly set to 1 and atransition to master mode is occurred during data transmission

or reception in slave mode. In multi-master mode, pay attention to the setting of the MST bit

when a bus conflict may occur. In this case, the MST bit in the ICCR register should be set to 1

according to the order below.

(a) Make sure that the BBSY flag in the ICCR register is 0 and the busis free before setting
the MST bit.

(b) Set the MST bhit to 1.
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Section 16 I°C Bus Interface [Option]

(c) To confirm that the bus was not entered to the busy state while the MST bit is being set,
check that the BBSY flag in the ICCR register is 0 immediately after the MST bit has been
Set.

» Noteson Interrupt Occurrence after ACKB Reception
0 Conditionsto causethisfailure
TheIRIC flag is set to 1 when both of the following conditions are satisfied.

» lisreceived asthe acknowledge bit for transmit data and the ACKB bit in ICSR is set
tol

» Rising edge of the 9th transmit/receive clock isinput to the SCL pin

When the above two conditions are satisfied in dave receive mode, an unnecessary
interrupt occurs.
Figure 16.25 shows the note on interrupt occurrence in slave mode after receiving 1 asthe
acknowledge bit (ACKB = 1).
(1) For the last transmit datain master transmit mode or slave transmit mode, 1 is received
as the acknowledge hit.
If the ACKE bitin ICCR isset to 1 at thistime, the ACKB bitin ICSRisset to 1.

(2) After switching to slave receive mode, the start condition is input, and address
reception is performed next.

(3) Even if the received address does not match the address set in SAR or SARX, the IRIC
flag is set to 1 at the rise of the 9th transmit/receive clock, thus causing an interrupt to
occur.

Note that if the slave address matches, an interrupt isto be generated at the rise of the Sth
transmit/receive clock as normal operation, so thisis not erroneous operation.

0 Restriction
In atransmit operation of the I°C bus interface module, carry out the following
countermeasures.
() After 1isreceived as the acknowledge bit for transmit data, clear the ACKE bit in
ICCR to 0 to clear the ACKB bit to 0.
(2) To enable acknowledge bit reception afterwards, set the ACKE hit to 1 again.
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i—— P Slave reception mode

Master transmit mode or Stop ! Start
slave transmit mode condition i condition

¢ : ¢ (2) Address that does not match is received.

SDA | N | I I I Address I A I Data

IRIC flag

Countermeasure:

- Clear the ACKE bit to 0 to clear

Stop condition the ACKB bit.

detection (3) Unnecessary interrupt occurs
(received address is invalid).

(1) Acknowledge bit is received
and the ACKB bit is setto 1.

Figure16.25 Noteon Interrupt Occurrencein Slave Mode after ACKB = 1 Reception
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Section 16 I°C Bus Interface [Option]

Notes on TRS Bit Setting and | CDR Register Access

Conditions to cause thisfailure

Low-fixation of the SCL pinsis cancelled incorrectly when the following conditions are
satisfied.

O

Master mode

Figure 16.26 shows the notes on ICDR reading (TRS = 1) in master mode.

(1) When previously received 2-bytes dataremainsin ICDR unread (ICDRS are full).
(2) Reads ICDR register after switching to transmit mode (TRS = 1). (RDRF = 0O state)

(3) Setsto receive mode (TRS = 0), after transmitting Rev.1 frame of issued start condition
by master mode.

Slave mode

Figure 16.27 shows the notes on ICDR writing (TRS = 0) in slave mode.

(1) Writes ICDR register in receive mode (TRS = 0), after entering the start condition by
slave mode (TDRE = O state).
Address match with Rev.1 frame, receive 1 by R/W bit, and switches to transmit mode
(TRS=1).
When these conditions are satisfied, the low fixation of the SCL pinsis cancelled
without ICDR register access after Rev.1 frameis transferred.

Restriction

Please carry out the following countermeasures when transmitting/receiving via the 11C bus

interface module.

(1) Please read the ICDR registersin receive mode, and write them in transmit mode.

(2) In receiving operation with master mode, please issue the start condition after clearing
the internal flag of the 11C bus interface module, using CLR3 to CLRO bit of the
DDCSWR register on bus-free state (BBSY = 0).
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Along with ICDRS: ICDRR transfer
Cancel condition of SCL =
Stop condition  Start condition Low fixation is set.

A A
SDA I AI Address I A I Data

SCL

(3) TRS=0

TRS bit | «
S (2) RDRF = 0

RDRF bit T [

ICDRS data /v |

full
A T (1) ICDRS data full

ICDR read TRS = 0 setting

Detection of 9th clock rise
(TRS=1)

Figure16.26 Noteson ICDR Reading with TRS = 1 Setting in Master Mode

Along with ICDRS: ICDRR transfer

Cancel condition of SCL =

Stop condition  Start condition Low fixation
y A
SDA I A I I Address I A I Data
SCL |8| |9| I | Ill |2 3 4 5 6 7 8 9 1 2 3 4
- () TRS=1
TRS bit 8
TDRE bit [ |

T (1) TDRE=0 /TJ
ICDR write

. Automatic TRS = 1 setting by
TRS = 0 setting receiving R'W = 1

Figure 16.27 Noteson ICDR Writing with TRS = 0 Settingin Slave Mode
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Section 17 Keyboard Buffer Controller

Section 17 Keyboard Buffer Controller
Provided in the H85/2148 Group and H8S5/2147N; not provided in the H85/2144 Group.

171  Overview

The H85/2148 Group and H8S/2147N have three on-chip keyboard buffer controller channels,
designated O, 1, and 2. The keyboard buffer controller is provided with functions conforming to
the PS/2 interface specifications.

Data transfer using the keyboard buffer controller employs adataline (KD) and a clock line,
providing economical use of connectors, board surface area, etc. Figure 17.1 shows how the
keyboard buffer controller is connected.

17.1.1 Features

e Conformsto PS/2 interface specifications

» Direct busdrive (viathe KCLK and KD pins)

» Interrupt sources: on completion of data reception and on detection of clock edge
» Error detection: parity error and stop bit monitoring
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Vcec Vce
) @)

System side Keyboard side

KCLK in | KCLK in

. .
| Clock |
KCLK out |7 KCLK out
KD in } * . } KD in
Data
KD out 4”?7 Elﬁ KD out
Keyboard buffer controller

(H8S/2148 Group and 1=
H8S/2147N chip)

Figure17.1 Keyboard Buffer Controller Connection
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Section 17 Keyboard Buffer Controller

17.1.2 Block Diagram

Figure 17.2 shows a block diagram of the keyboard buffer controller.

Internal
data bus

KBBR >

KD |

(0]
(PS2AD, KD o g
PS2BD, - ﬁ E
PS2CD) Control| kcLK] KBCRH S =
logic - o 0
. — =}
KCLK ~a—m| Parity 32 @
(PS2AC, 2
PS2BC,
PS2CC) Xpo
KCLKO KBCRL >

|

Register counter value

——» KB interrupt

Legend:

KD: KBC data I/O pin

KCLK:  KBC clock I/O pin

KBBR: Keyboard data buffer register
KBCRH: Keyboard control register H
KBCRL: Keyboard control register L

Figure17.2 Block Diagram of Keyboard Buffer Controller
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Section 17 Keyboard Buffer Controller

17.1.3

I nput/Output Pins

Table 17.1 lists the input/output pins used by the keyboard buffer controller.

Table17.1 Keyboard Buffer Controller Input/Output Pins

Channel Name Abbreviation®  1/0 Function

0 KBC clock 1/O pin (KCLKO) PS2AC I/0 KBC clock input/output
KBC data I/O pin (KDO0) PS2AD I/0 KBC data input/output

1 KBC clock I/0O pin (KCLK1) PS2BC I/0 KBC clock input/output
KBC data I/O pin (KD1) PS2BD I/0 KBC data input/output

2 KBC clock I/O pin (KCLK2) pPS2CC I/0 KBC clock input/output
KBC data I/O pin (KD2) PS2CD I/0 KBC data input/output

Note: * These are the external I/0 pin names. In the text, clock I/O pins are referred to as KCLK

and data 1/O pins as KD, omitting the channel designations.
17.14 Register Configuration

Table 17.2 lists the registers of the keyboard buffer controller.

Table17.2 Keyboard Buffer Controller Registers

Channel Name Abbreviation R/W Initial Value Address™*
0 Keyboard control register H KBCRHO R/(W)**  H'70 H'FED8
Keyboard control register L KBCRLO R/W H'70 H'FED9
Keyboard data buffer register ~KBBRO R H'00 H'FEDA
1 Keyboard control register H KBCRH1 RI(W)**  H'70 H'FEDC
Keyboard control register L KBCRL1 R/W H'70 H'FEDD
Keyboard data buffer register KBBR1 R H'00 H'FEDE
2 Keyboard control register H KBCRH2 R/(W)**  H'70 H'FEEO
Keyboard control register L KBCRL2 R/W H'70 H'FEE1
Keyboard data buffer register =~ KBBR2 R H'00 H'FEE2
Common  Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written in bits 2 and 1, to clear the flags.
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Section 17 Keyboard Buffer Controller

17.2  Register Descriptions

1721 Keyboard Control Register H (KBCRH)

Bit 7 6 5 4 3 2 1 0
\ KBIOE \ KCLKI \ KDI ‘KBFSEL‘ KBIE \ KBF \ PER \ KBS \

Initial value 0 1 1 1 0 0 0 0

Read/Write RIW R R RIW RW  R/(W)" RIW)* R

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

KBCRH is an 8-hit readable/writable register that indicates the operating status of the keyboard
buffer controller.

KBCRH isinitialized to H'70 by areset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode. Bits 6, 5, and 2 to 0 are also initialized when KBIOE is
cleared to O.

Bit 7—Keyboard In/Out Enable (KBIOE): Selects whether or not the keyboard buffer
controller isused. When KBIOE is set to 1, the keyboard buffer controller is enabled for
transmission and reception and the port pins function as KCLK and KD 1/O pins. When KBIOE is
cleared to O, the keyboard buffer controller stops functioning and the port pins go to the high-
impedance state.

Bit 7

KBIOE Description

0 The keyboard buffer controller is non-operational (KCLK and KD signal pins have
port functions) (Initial value)

1 The keyboard buffer controller is enabled for transmission and reception (KCLK and

KD signal pins are in the bus drive state)

Bit 6—Keyboard Clock In (KCLKI1): Monitorsthe KCLK 1/O pin. This bit cannot be modified.

Bit 6

KCLKI Description

0 KCLK 1/O pin is low

1 KCLK I/O pin is high (Initial value)
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Bit 5—Keyboard Data In (KDI): Monitors the KDI 1/0 pin. This bit cannot be modified.

Bit 5

KDI Description

0 KD /O pinis low

1 KD 1I/O pin is high (Initial value)

Bit 4—Keyboard Buffer Register Full Select (KBFSEL): Selects whether the KBF bit is used
as the keyboard buffer register full flag or asthe KCLK fall interrupt flag, When KBFSEL is
cleared to 0, the KBE bit in the KBCRL register should be cleared to 0 to disable reception.

Bit 4

KBFSEL Description

0 KBF bit is used as KCLK fall interrupt flag

1 KBF bit is used as keyboard buffer register full flag (Initial value)

Bit 3—Keyboard Interrupt Enable (KBIE): Enables or disables interrupts from the keyboard
buffer controller to the CPU.

Bit 3

KBIE Description

0 Interrupt requests are disabled (Initial value)
1 Interrupt requests are enabled

Bit 2—Keyboard Buffer Register Full (KBF): Indicates that data reception has been completed
and the received dataisin the keyboard data buffer register (KBBR).

Bit 2

KBF Description

0 [Clearing condition] (Initial value)
Read KBF when KBF =1, then write 0 in KBF

1 [Setting conditions]

e When data has been received normally and has been transferred to KBBR
(keyboard buffer register full flag)

*«  When a KCLK falling edge is detected (while KBFSEL = 0) (KCLK interrupt flag)
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Bit 1—Parity Error (PER): Indicates that an odd parity error has occurred.

Bit 1

PER Description

0 [Clearing condition] (Initial value)
Read PER when PER =1, then write O in PER

1 [Setting condition]

When an odd parity error occurs

Bit 0—Keyboard Stop (KBS): Indicates the receive data stop bit. Valid only when KBF = 1.

Bit 0

KBS Description

0 0 stop bit received (Initial value)
1 1 stop bit received

17.22 Keyboard Control Register L (KBCRL)

Bit 7 6 5 4 3 2 1 0

] KBE ] KCLKO ] KDO ] — ] RXCR3 ] RXCR2 ] RXCR1 ] RXCRO \
Initial value 0 1 1 1 0 0 0 0
Read/Write RW  RW  RW — R R R R

KBCRL isan 8-bit readable/writable register that enables the receive counter count and controls
the keyboard buffer controller pin output.

KBCRL isinitialized to H'70 by areset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bit 7—Keyboard Enable (K BE): Enables or disablesloading of receive datainto the keyboard
data buffer register (KBBR).

Bit 7

KBE Description

0 Loading of receive data into KBBR is disabled (Initial value)
1 Loading of receive data into KBBR is enabled
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Bit 6—Keyboard Clock Out (KCLKO): Controls KBC clock /O pin output.

Bit 6

KCLKO Description

0 Keyboard buffer controller clock I/O pin is low

1 Keyboard buffer controller clock 1/0 pin is high (Initial value)

Bit 5—Keyboard Data Out (KDO): Controls KBC data l/O pin output.

Bit 5

KDO Description

0 Keyboard buffer controller data I/O pin is low

1 Keyboard buffer controller data I/0 pin is high (Initial value)

Bit 4—Reserved: This bit cannot be modified and is always read as 1.

Bits 3 to 0—Receive Counter (RXCR3 to RXCRO0): These bitsindicate the received data bit.
Their value isincremented on the fall of KCLK. These bits cannot be modified.

The receive counter isinitialized to 0000 by areset and when 0 iswritten in KBE. Its value returns
to 0000 after a stop bit is received.

Bit 3 Bit 2 Bit 1 Bit 0
RXCR3 RXCR2 RXCR1 RXCRO Receive Data Contents
0 0 0 0 — (Initial value)
1 Start bit
1 0 KBO
1 KB1
1 0 0 KB2
1 KB3
1 0 KB4
1 KB5
1 0 0 0 KB6
1 KB7
1 0 Parity bit
1 P
1 J— J— J—
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17.2.3 Keyboard Data Buffer Register (KBBR)

Bit 7 6 5 4 3 2 1 0

\ KB7 \ KB6 \ KB5 \ KB4 \ KB3 \ KB2 \ KB1 \ KBO \
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

KBBR isaread-only register that stores receive data. Its valueisvalid only when KBF = 1.

KBBRisinitialized to H'00 by areset, in standby mode, watch mode, subactive mode, subsleep
mode, and module stop mode, and when KBIOE is cleared to 0.

17.24 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

Initalvalue o o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W RW RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR, comprising two 8-hit readabl e/writable register, performs module stop mode control.
When the MSTP2 bit is set to 1, the keyboard buffer controller halts and enters module stop mode.
See section 25.5, Module Stop Mode, for details.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

MSTPCRL Bit 2—M odule Stop (M STP2): Specifies keyboard buffer controller module stop
mode.

MSTPCRL

Bit 2

MSTP2 Description

0 Keyboard buffer controller module stop mode is cleared

1 Keyboard buffer controller module stop mode is set (Initial value)
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17.3  Operation

17.3.1 Receive Operation

In areceive operation, both KCLK (clock) and KD (data) are outputs on the keyboard side and
inputs on the H8S/2148 Group chip (system) side. KD receives a start bit, 8 data bits (L SB-first),
an odd parity bit, and a stop bit, in that order. The KD value isvalid when KCLK islow. A sample
receive processing flowchart is shown in figure 17.3, and the receive timing in figure 17.4.
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| Set KBIOE bit | [1]

\
| ReadkBCRH  |[2] [2] Read KBCRH, and if the
KCLKI and KDI bits are
both 1, set the KBE bit
No (receive enabled state).

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

and KDI bits both

— [3] Detect the start bit output
Keyboard side in data on the keyboard side and
transmission state. i i
Set KBE bit | 3 _ receive data in
| Bl Execute receive abort synchronization with the fall
‘ processing. of KCLK.

%I Receive enabled state |

[4] When a stop bit is received,
the keyboard buffer
controller drives KCLK low
to disable keyboard
transmission (automatic 1/0
inhibit).

If the KBIE bit is setto 1 in
KBCRH, an interrupt
request is sent to the CPU
at the same time.

[5] Perform receive data
processing.

[6] Clear the KBF flag to O in
KBCRL. At the same time,
\ the system automatically

|Receive data processing| drives KCLK high, setting
the receive enabled state.

| Read KBBR | | Error handling |[5]

s

The receive operation can be
Clear KBF flag (6] continued by repeating steps
(receive enabled state) [3] to [6].

Figure 17.3 Sample Receive Processing Flowchart
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. . Flag cleared
Receive processing/

error handling

KCLK

(pin state) 1 2 3 9 10 11
Start ;

KD x zz X X T - |

(pin state) | bit / 0 X 1 7 Parity bit/ Stop bit !

KCLK

(input)

KCLK
(output)

| Automatic /O inhibit

KB7 to KBO Previous dataX KBO X KB1 Xj

S

Receive data

PER

KBS |

_______________________

KBF | I_

Il ] 1

(11 [2] [3] 141 [3] (6]

Figure17.4 Receive Timing

17.3.2  Transmit Operation

In atransmit operation, KCLK (clock) is an output on the keyboard side, and KD (data) is an
output on the H85/2148 Group and H8S/2147N chip (system) side. KD outputs a start bit, 8 data
bits (L SB-first), an odd parity bit, and a stop bit, in that order. The KD value is valid when KCLK
ishigh. A sample transmit processing flowchart is shown in figure 17.5, and the transmit timing in
figure 17.6.
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| Set KBIOE bit | [1]
I
| Read KBCRH | [2]

KCLKI No

and KDI bits both
1?

Yes

| Set I/O inhibit (KCLKO = 0) | KDO remains at 1

[
KBE =0
(KBBR reception disabled)
I
Wait
[ [4]

K]

Set start bit (KDO = 0) | KCLKO remains at 0

Set I/0O inhibit (KCLKO = 1) | KDO remains at 0

|
| \ 5]
|
|

I
o |
I

-

-
Read KBCRH |

Yes

Set transmit data
(KDO = D(i))

le

<
Read KBCRH |
— =iy ="
Yes
i=i+1 |

No

[6]

i>9?

Yes

-
-

Read KBCRH |

[1] Set the KBE bit to 1 in KBCRH, and the
KBIOE bit to 1 in KBCRL.

[2] Read KBCRH, and if the KCLKI and
KDI bits are both 1, write 0 in the
KCLKO bit (set I/O inhibit).

[3] Write 0 in the KBE bit (disable KBBR
receive operation).

[4] Write 0 in the KDO bit (set start bit).

[5] Write 1 in the KCLKO bit (clear I/O
inhibit).

[6] Read KBCRH, and when KCLKI =0,
set the transmit data in the KDO bit
(LSB-first). Next, set the parity bit and
stop bit in the KDO bit.

[7] After transmitting the stop bit, read
KBCRL and confirm that KDI = 0
(receive completed notification from the
keyboard).

[8] Read KBCRH. Confirm that the KCLKI
and KDI bits are both 1.

The transmit operation can be continued
by repeating steps [2] to [8].

i =0 to 7: Transmit data
i = 8: Parity bit
i = 9: Stop bit

Notes:

Figure17.5 Sample Transmit Processing Flowchart
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®

<
\

| Read KBCRH |

[71 ?

KDI =07 Keyboard side in data
Yes transmission state.
- (8] Execute receive abort
| Read KBCRH | processing.
Error handling
KCLK = 1? No
Yes

Transmit end state
(KCLK = high, KD = high)

:

To receive operation or
transmit operation

Note: * To switch to reception after transmission, set KBE to 1 (KBBR receive enable) while KCLKI is low.

Figure17.5 Sample Transmit Processing Flowchart (cont)

e e e L Lol Lol Lol Ll
(

Eg?n state) Start bit/ 0 X 1 X:; X 7 XParity bit/Stop bit

KCLK _— 4

(output) 1/0O inhibit

(Kol?jtput) startbit/ 0 ) 1 X;G {7 YParity it/ Stop bt
§

KCLK

o LT LT
((
)T

Receive
KD completed
(input) notification|

AN

(1 [21[3] [A15 [6] (71

&E—

Figure17.6 Transmit Timing
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17.3.3 Receive Abort

The H85/2148 Group and H8S/2147N device (system side) can forcibly abort transmission from
the device connected to it (keyboard side) in the event of a protocol error, etc. In this case, the
system holds the clock low. During reception, the keyboard a so outputs a clock for
synchronization, and the clock is monitored when the keyboard output clock is high. If the clock is
low at thistime, the keyboard judges that there is an abort request from the system, and data
transmission from the keyboard is aborted. Thus the system can abort reception by holding the
clock low for a certain period. A sample receive abort processing flowchart is shown in figure
17.7, and the receive abort timing in figure 17.8.
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Start

Receive state

Read KBCRL

No

| Read KBCRH

RXCR3 to RXCRO =
B'10017?

No

(1

Y

( Processing 1 )

(3]

[2]

Disable receive abort
requests

KCLKO =0
(receive abort request)

Retransmit
command transmission
(data)?

(1]

(2]

Read KBCRL, and if KBF = 1,
perform processing 1.

Read KBCRH, and if the value of
bits RXCR3 to RXCRO is less than
B'1001, write 0 in KCLKO to abort
reception.

If the value of bits RXCR3 to
RXCRO is B'1001 or greater, wait
until stop bit reception is
completed, then perform receive
data processing, and proceed to
the next operation.

If the value of bits RXCR3 to
RXCRO is B'1001 or greater, the
parity bit is being received. With
the PS2 interface, a receive abort
request following parity bit
reception is disabled. Wait until
stop bit reception is completed,
perform receive data processing
and clear the KBF flag, then
proceed to the next operation.

No

KBE =0
(disable KBBR reception
and clear receive counter)

KBE =0
(disable KBBR reception
and clear receive counter)

Set start bit
(KDO =0)

KBE=1
(enable KB operation)

Clear 1/O inhibit
(KCLKO =1)

Clear 1/O inhibit
(KCLKO = 1)

Transmit data

i

To transmit operation

To receive operation

Figure 17.7 Sample Receive Abort Processing Flowchart
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Section 17 Keyboard Buffer Controller

Receive operation ends [1] [1] On the system side, drive the KCLK pin low,
normally setting the 1/O inhibit state.

| Receive data processing |

Clear KBF flag
(KCLK = H)

Transmit enabled state.
If there is transmit data,
the data is transmitted.

Figure17.7 Sample Receive Abort Processing Flowchart (cont)

Keyboard side monitors clock during
receive operation (transmit operation
as seen from keyboard), and aborts

receive operation during this period. ! Transmit operation

Reception in progress
KCLK
(pin state)

KD X
(pin state)

Receive abort request

! sartbit | |
] | [ X

—

Rr - I R
KCLK :
(output) |

E
-

oy i}

KD
(output) |

!

Figure 17.8 Receive Abort and Transmit Start (Transmission/Reception Switchover)
Timing
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17.34 KCLKI and KDI Read Timing

Figure 17.9 shows the KCLKI and KDI read timing.

’ LT

:

Internal read ‘

signal \—I

KCLK, KD | :
(pin state) XXX XXX

KCLKI, KDI ;
(register) ‘ X X

Internal data bus
(read data)

Note: * The @ clock shown here is scaled by 1/N in medium-speed mode when the operating
mode is active mode.

Figure17.9 KCLKI and KDI Read Timing
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1735 KCLKO and KDO Write Timing

Figure 17.10 shows the KLCKO and KDO write timing and the KCLK and KD pin states.

Ll»;_‘l’?_»i
’ L L L LT L LT
Internal write ! 1
signal : \—1
KCLKO, KDO ‘
(register) | ! X
KCLK, KD X
(pin state) ‘ | ! !

Note: * The @ clock shown here is scaled by 1/N in medium-speed mode when the operating
mode is active mode.

Figure17.10 KCLKO and KDO Write Timing
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17.3.6 KBF Setting Timing and KCLK Control

Figure 17.11 shows the KBF setting timing and the KCLK pin states.

S e T s e e I o B B e

KCLK \\\\\\\\\K&\ '11th fall |
(pin) : : :

Internal |

KCLK

Falling edge : :
signal

RXCR3 to X

RXCRO H'010 H'000
KBF Lo |
(OcL:Jtput) ____________________ ¢+ 1 Automatic I/O inhibit

Note: * The @ clock shown here is scaled by 1/N in medium-speed mode when the operating
mode is active mode.

Figure17.11 KBF Settingand KCLK Automatic I/O Inhibit Generation Timing
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17.3.7 Receive Timing

Figure 17.12 shows the receive timing.

N ainininininingigigininint
ccm T M T 1
X X
Eéel_r}r(]a(lKCLKl) |
i I BN

RXCR3 0 —

B

RXCRO N Nl — !
e 7/ I e .
Kore —C i —

Note: * The @clock shown here is scaled by 1/N in medium-speed mode when the operating mode is active
mode.

Figure17.12 Receive Counter and KBBR Data Load Timing

Rev. 4.00 Sep 27,2006 page 579 of 1130
REJ09B0327-0400
RENESAS




Section 17 Keyboard Buffer Controller

17.3.8 KCLK Fall Interrupt Operation

In this device, clearing the KBFSEL hit to 0 in KBCRH enables the KBF bit in KBCRL to be used
as aflag for the interrupt generated by the fall of KCLK input.

Figure 17.13 shows the setting method and an exampl e of operation.

| Set KBIOE |

KBE =0
(KBBR reception
disabled)

KBFSEL =0

KBIE=1 KCLK
(KCLK falling edge (pin state)
interrupts enabled)
KBF bit
Interrupt Cleared Interrupt
generated by software generated

KCLK pin
fall detected?

KBF =1
(interrupt generated)

Interrupt handling
Clear KBF

]

Note: The KBF setting timing is the same as the timing of KBF setting and KCLK automatic 1/O inhibit bit
generation in figure 17.11. When the KBF bit is used as the KCLK input fall interrupt flag, the
automatic I/0 inhibit function does not operate.

Figure17.13 Example of KCLK Input Fall Interrupt Operation
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Section 17 Keyboard Buffer Controller

17.3.9 Usage Note
When KBIOE is 0, theinternal KCLK and internal KD settings are fixed at 1.

Therefore, if the KCLK pinislow when the KBIOE bit is set to 1, the edge detection circuit
operates and the KCLK falling edge is detected.

If the KBFSEL bit and KBE hit are both 0 at thistime, the KBF bit is set. Figure 17.14 shows the
timing of KBIOE setting and KCLK falling edge detection.

T1 T2

KCLK (pin)

Internal KCLK
(KCLKI)

KBIOE

Falling edge
signal

KBFSEL E i

KBE

KBF

Figure17.14 KBIOE Setting and KCLK Falling Edge Detection Timing
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Section 18 Host Interface

Section 18 Host Interface

Provided in the H85/2148 Group and H8S5/2147N; not provided in the H85/2144 Group.

18.1 Overview

The H85/2148 Group and H8S/2147N have an on-chip host interface (HIF) that enables
connection to an ISA bus, widely used as the internal busin personal computers. The host
interface provides a four-channel parallel interface between the on-chip CPU and a host processor.
The host interface is available only when the HI12E bit isset to 1 in SY SCR2. Thismode s called
slave mode, because it is designed for a master-slave communication system in which the
H85/2148 Group and H8S/2147N chip is dlaved to a host processor.

18.1.1 Features
The features of the host interface are summarized below.

The host interface consists of 8-byte data registers, 4-byte status registers, a 2-byte control
register, fast A20 gate logic, and a host interrupt request circuit. Communication is carried out via
seven control signals from the host processor (CS1, CS2 or ECS2, CS3, CS4, HAO, IOR, and
IOW), six output signals to the host processor (GA20, HIRQ1, HIRQ11, HIRQ12, HIRQ3, and
HIRQ4), and an 8-bit bidirectional command/data bus (HDB7 to HDBO). The CS1, CS2 (or
ECS2), CS3, and CS4 signals select one of the four interface channels.
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Section 18 Host Interface

18.1.2 Block Diagram

Figure 18.1 shows a block diagram of the host interface.

Internal interrupt signals
IBF4 IBF3 IBF2 IBF1

1

P

CS1 —

CS2/ECS2 ——=

a8
]

Control logic

HDB7 to HDBO

i

IDR1

ODR1

STR1

IDR2

]

ODR2

STR2

HICR

IDR3

ODR3

]

Module data bus

STR3

|

IDR4

ODRA4

STR4

HICR2

m I
c
7]

J

interface

Input data register 3
Input data register 4
Output data register 3
Output data register 4

[}
HAQ ——=
2]
a
Fast
Host s
interrupt Aczc?n?ritle 3
request 2
T
HIRQL —=— U U
HIRQ11 ~——
HIRQ12 ———
HIRQ3 — Port 4, port 8, port B
HIRQ4 —=—j
GA20 =
HIFSD — O
Internal data bus
Legend:
IDR1: Input data register 1 IDR3:
IDR2: Input data register 2 IDRA4:
ODR1: Output data register 1 ODR3:
ODR2: Output data register 2 ODRA4:
STR1: Status register 1 STR3: Status register 3
STR2: Status register 2 STR4: Status register 4
HICR: Host interface control register 1 HICR2:

Host interface control register 2

Figure18.1 Block Diagram of Host Interface
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Section 18 Host Interface

18.1.3

Input and Output Pins

Table 18.1 lists the input and output pins of the host interface module.

Table18.1 Host Interface Input/Output Pins

Name Abbreviation Port  I/O Function

I/O read IOR P93 Input Host interface read signal

1/0O write IOW P94 Input Host interface write signal

Chip select 1 S1 P95 Input Host interface chip select signal for IDR1,
ODR1, STR1

Chip select 2* CS2 P81 Input Host interface chip select signal for IDR2,

ECS2 P90 ODR2, STR2

Chip select 3 CS3 PB2 Input Host interface chip select signal for IDR3,
ODR3, STR3

Chip select 4 CS4 PB3 Input Host interface chip select signal for IDR4,
ODR4, STR4

Command/data  HAO P80 Input Host interface address select signal.
In host read access, this signal selects the
status registers (STR1 to STR4) or data
registers (ODR1 to ODR4). In host write
access to the data registers (IDR1 to IDR3,
and IDTR4), this signal indicates whether
the host is writing a command or data.

Data bus HDB7 to HDBO P37to 1/O Host interface data bus

P30

Hostinterrupt1  HIRQ1 P44 Output  Interrupt output 1 to host

Hostinterrupt 11 HIRQ11 P43 Output  Interrupt output 11 to host

Host interrupt 12 HIRQ12 P45 Output  Interrupt output 12 to host

Hostinterrupt 3  HIRQS3 PBO Output  Interrupt output 3 to host

Host interrupt4  HIRQ4 PB1 Output  Interrupt output 4 to host

Gate A20 GA20 P81 Output  A20 gate control signal output

HIF shutdown HIFSD P82 Input Host interface shutdown control signal

Note: * Selection of CS2 or ECS2 is by means of the CS2E bit in STCR and the FGA20E bit in

HICR. Host interface channel 2 and the CS2 pin can be used when CS2E = 1. When
CS2E =1, CS2 is used when FGA20E =0, and ECS2 is used when FGA20E = 1. In this
manual, both are referred to as CS2.
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18.1.4 Register Configuration

Table 18.2 lists the host interface registers. Host interface registers HICR, IDRL, IDR2, ODR1,
ODR2, STR1, and STR2 can only be accessed when the HIE bit isset to 1 in SYSCR.

Table 18.2 Host Interface Registers

Abbrevia- RIW Initial Slave Master Address™
Name tion Slave Host Value Address®™ CST CS2 CS3 CS4 HAO
System control register  SYSCR RIW™  — H'09 HFFC4 — — _ = =
System control register 2 SYSCR2 R/W — H'00 HFF83 — — _ = =
Host interface control HICR R/W — HF8 HFFFO — — _ = =
register 1
Host interface control HICR2 R/W — HF8 HFES0 — — _ = =
register 2
Input data register 1 IDR1 R w — H'FFF4 0 1 1 1 0/1*°
Output data register 1 ODR1 R/W R — H'FFF5 0 1 1 1 0
Status register 1 STR1 RI(W)*? R H'00 HFFF6 0 1 1 1 1
Input data register 2 IDR2 R W — H'FFFC 1 0 1 1 o/1*®
Output data register 2 ODR2 R/W R — HFFFD 1 0 1 1 0
Status register 2 STR2 R/(W)™ R H00 HFFFE 1 0 1 1 1
Input data register 3 IDR3 R w — H'FE84 1 1 0 1 0/17
Output data register 3 ODR3 R/W R — H'FE85 1 1 0 1 0
Status register 3 STR3 RI(W)** R H'00 H'FE86 1 1 0 1 1
Input data register 4 IDR4 R W — H'FE8C 1 1 1 0 0/1*°
Output data register 4 ODR4 R/W R — HFESD 1 1 1 0 0
Status register 4 STR4 R/(W)™ R H'00 HFEBE 1 1 1 0 1
Module stop control MSTPCRH R/W — H3F H'FF86 - = = = =
register MSTPCRL RW  —  HFF HFF87 — — — — —

Notes: 1. Bits 5 and 3 are read-only bits.

2. The user-defined bits (bits 7 to 4 and 2) are read/write accessible from the slave
processor.

3. Address when accessed from the slave processor. The lower 16 bits of the address are
shown.

4. Pin inputs used in access from the host processor.
5. The HAO input discriminates between writing of commands and data.
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18.2 Register Descriptions

18.21 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

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

SY SCR is an 8-bit readable/writable register which controls H8S/2148 Group chip operations. Of
the host interface registers, HICR, IDR1, ODR1, STR1, IDR2, ODR2, and STR2 can only be
accessed when the HIE bit is set to 1. HICR2, IDR3, ODR3, STR3, IDR4, ODR4, and STR4 can
be accessed regardless of the setting of the HIE bit. The host interface CS2 and ECS2 pins are
controlled by the CS2E bit in SY SCR and the FGA20E hit in HICR. See section 3.2.2, System
Control Register (SY SCR), and section 5.2.1, System Control Register (SY SCR), for information
on other SY SCR hits. SYSCR isinitialized to H'09 by areset and in hardware standby mode.

Bit 7—CS2 Enable Bit (CS2E): Used together with the FGA20E bit in HICR to select the pin
that performs the CS2 function.

SYSCR HICR

Bit 7 Bit 0

CS2E FGA20E Description

0 0 CS2 pin function halted (CS2 fixed high internally) (Initial value)
1

1 0 CS2 pin function selected for P81/CS2 pin
1 CS2 pin function selected for P90/ECS2 pin
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Bit 1—Host Interface Enable (HIE): Enables or disables CPU access to the host interface
registers. When enabled, the host interface registers (HICR, IDR1, ODR1, STR1, IDR2, ODR2,
and STR2) can be accessed.

Bit 1

HIE Description

0 Host interface register (HICR, IDR1, ODR1, STR1, IDR2, ODR2, STR2), CPU
access is disabled (Initial value)

1 Host interface register (HICR, IDR1, ODR1, STR1, IDR2, ODR2, STR2), CPU

access is enabled

18.2.2 System Control Register 2 (SYSCR2)

Bit 7 6 5 4 3 2 1 0
‘KWULl \ KWULO‘ P6PUE \ — \ SDE \ CS4E \ CS3E \ HI12E \

Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW — RIW RIW RIW RIW

SY SCR2 is an 8-hit readabl e/writabl e register which controls chip operations. Host interface
functions are enabled or disabled by the HI12E bit in SY SCR2. The number of channelsthat can
be used can be extended to a maximum of four by means of the CS3E bit and CS4E hit. SY SCR2
isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Key Wakeup Level 1 and 0 (KWUL 1, KWULOQ): The port 6 input level can be
set and changed by software. For details see section 8, 1/0 Ports.

Bit 5—Port 6 Input Pull-Up Extra (P6PUE): Controls and selects the current specification for
the port 6 MOS input pull-up function connected by means of KMPCR settings. For details see
section 8, 1/0 Ports.

Bit 4—Reserved: Do not write 1 to this bit.
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Bit 3—Shutdown Enable (SDE): Enables or disables the host interface pin shutdown function.
When this function is enabled, host interface pin functions can be halted, and the pins placed in the
high-impedance state, according to the state of the HIFSD pin.

Bit 3

SDE Description

0 Host interface pin shutdown function disabled (Initial value)
1 Host interface pin shutdown function enabled

Bit 2—C$S4 Enable (CHAE): Enables or disables host interface channel 4 functionsin slave mode.
When these functions are enabled, channel 4 pins are enabled and processing can be performed for
data transfer between the slave and the host.

Bit 2

CS4E Description

0 Host interface pin channel 4 functions disabled (Initial value)
1 Host interface pin channel 4 functions enabled

Bit 1—CS3 Enable (CS3E): Enables or disables host interface channel 3 functionsin slave mode.
When these functions are enabled, channel 3 pins are enabled and processing can be performed for
data transfer between the slave and the host.

Bit 1

CS3E Description

0 Host interface pin channel 3 functions disabled (Initial value)
1 Host interface pin channel 3 functions enabled

Bit 0—Host I nterface Enable Bit (HI12E): Enables or disables host interface functionsin
single-chip mode. When the host interface functions are enabled, slave mode is entered and
processing is performed for data transfer between the slave and host.

Bit 0

HI12E Description

0 Host interface functions are disabled (Initial value)
1 Host interface functions are enabled
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18.2.3 Host Interface Control Register (HICR)

e HICR
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ IBFIE2 ‘ IBFIE1 ‘FGAZOE‘
Initial value 1 1 1 1 1 0 0 0
Slave Read/Write — — — — — R/W R/W R/W
Host Read/Write — — — — — — — —
« HICR2
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ IBFIE4 ‘ IBFIE3 ‘ — ‘
Initial value 1 1 1 1 1 0 0 0
Slave Read/Write — — — — — R/W R/W —

Host Read/Write — — — — — — — _

HICR is an 8-bit readable/writabl e register which controls host interface channel 1 and 2 interrupts
and the fast A20 gate function. HICR2 is an 8-bit readable/writable register which controls host
interface channel 3 and 4 interrupts. HICR and HICR2 areinitialized to H'F8 by areset and in
hardware standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are alwaysread as 1.

HICR Bits 2 and 1—Input Data Register Full Interrupt Enable2 and 1 (IBFIE2, IBFIE1)
HICR2 Bits 2 and 1—Input Data Register Full Interrupt Enable 4 and 3 (IBFIE4, IBFIE3)
These bits enable or disable the IBF1, IBF2, IBF3, and IBF4 interrupts to the internal CPU.
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HICR2 HICR2 HICR HICR
Bit 2 Bit 1 Bit 2 Bit 1

IBFIE4 IBFIE3 IBFIE2 IBFIE1 Description

— — — 0 Input data register (IDR1) reception completed interrupt
request disabled (Initial value)

— — — 1 Input data register (IDR1) reception completed interrupt
request enabled

— — 0 — Input data register (IDR2) reception completed interrupt
request disabled (Initial value)

— — 1 — Input data register (IDR2) reception completed interrupt
request enabled

— 0 — — Input data register (IDR3) reception completed interrupt
request disabled (Initial value)

— 1 — — Input data register (IDR3) reception completed interrupt
request enabled

0 — — — Input data register (IDR4) reception completed interrupt
request disabled (Initial value)

1 — — — Input data register (IDR4) reception completed interrupt
request enabled

HICR Bit 0—Fast A20 Gate Function Enable (FGA20E): Enables or disablesthe fast A20 gate
function. When the fast A20 gate is disabled, the normal A20 gate can be implemented byte
firmware operation of the P81 outpuit.

HICR

Bit 0

FGA20E Description

0 Fast A20 gate function disabled (Initial value)
1 Fast A20 gate function enabled

HICR2 Bit 0—Reserved: Do not set this bit to 1.
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18.2.4  Input Data Register 1 (IDR1)

Bit 7 6 5 4 3 2 1 0

‘ IDR7 ‘ IDR6 ‘ IDR5 ‘ IDR4 ‘ IDR3 ‘ IDR2 ‘ IDR1 ‘ IDRO ‘
Initial value — — — — — — — —
Slave Read/Write R R R R R R R R

Host Read/Write W W W w w w W W

IDRL1 is an 8-hit read-only register to the slave processor, and an 8-bit write-only register to the
host processor. When CSn (n = 1 to 4) is low, information on the host data bus is written into
IDRn at the rising edge of IOW. The HAO state is also latched into the C/D bit in STRn to indicate

whether the written information is a command or data.

Theinitia values of IDRL1 after areset and in standby mode are undetermined.

18.25 Output Data Register 1 (ODR)

Bit 7 6 5 4 3 2 1 0

‘ ODR7 ‘ ODR6 ‘ ODR5 ‘ ODR4 ‘ ODRS3 ‘ ODR2 ‘ ODR1 ‘ ODRO
Initial value — — — — — — — —
Slave Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W
Host Read/Write R R R R R R R R

ODR1 isan 8-bit readable/writable register to the lave processor, and an 8-bit read-only register
to the host processor. The ODRn contents are output on the host data bus when HAO islow, CSn

(n=1to4)islow, and IOR islow.

Theinitia values of ODRL1 after areset and in standby mode are undetermined.
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18.26 StatusRegister (STR)

Bit 7 6 5 4 3 2 1 0

‘ DBU ‘ DBU ‘ DBU ‘ DBU ‘ c/D ‘ DBU ‘ IBF ‘ OBF ‘
Initial value 0 0 0 0 0 0 0 0
Slave Read/Write  R/W R/W R/W R/W R R/W R R/(W)*
Host Read/Write R R R R R R R R

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

STRn (n = 1to 4) isan 8-hit register that indicates status information during host interface
processing. Bits 3, 1, and 0 are read-only bits to both the host and slave processors.

STRisinitialized to H'00 by areset and in hardware standby mode.
Bits 7 to 4 and Bit 2—Defined by User (DBU): The user can use these bits as necessary.

Bit 3—Command/Data (C/D): Receives the HAQ input when the host processor writes to IDR1,
and indicates whether IDR1 contains data or a command.

Bit 3

Cc/D Description

0 Contents of input data register (IDR1) are data (Initial value)
1 Contents of input data register (IDR1) are a command

Bit 1—Input Buffer Full (IBF): Set to 1 when the host processor writesto IDR1. Thisbitisan
internal interrupt source to the slave processor. IBF is cleared to O when the slave processor reads
IDR1.

The IBF flag setting and clearing conditions are different when the fast A20 gate is used. For
details see table 18.7.

Bit 1
IBF Description
0 [Clearing condition]
When the slave processor reads IDR (Initial value)
1 [Setting condition]

When the host processor writes to IDR
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Bit 0—Output Buffer Full (OBF): Set to 1 when the dave processor writes to ODRL. Cleared to
0 when the host processor reads ODR.

Bit 0
OBF Description
0 [Clearing condition]
When the host processor reads ODR or the slave writes 0 in the OBF bit (Initial value)
1 [Setting condition]

When the slave processor writes to ODR

Table 18.3 shows the conditions for setting and clearing the STR flags.

Table 18.3 Set/Clear Timing for STR Flags

Flag Setting Condition Clearing Condition

c/D Rising edge of host's write signal Rising edge of host’s write signal (IOW) when
(IOW) when HAO is high HAO is low

IBF* Rising edge of host’s write signal Falling edge of slave’s internal read signal (RD)
(IOW) when writing to IDR1 when reading IDR1

OBF Falling edge of slave’s internal write  Rising edge of host's read signal (IOR) when

signal (WR) when writing to ODR1  reading ODR1

Note: * The IBF flag setting and clearing conditions are different when the fast A20 gate is
used. For details see table 18.7.

Rev. 4.00 Sep 27, 2006 page 594 of 1130
REJ09B0327-0400
RENESAS



Section 18 Host Interface

18.2.7 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR, comprising two 8-hit readable/writable registers, performs module stop mode control.
When the MSTP2 bit is set to 1, the host interface halts and enters module stop mode. See section
25.5, Module Stop Mode, for details.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRL Bit 2—Module Stop (M STP2): Specifies host interface module stop mode.

MSTPCRL

Bit 2

MSTP2 Description

0 Host interface module stop mode is cleared

1 Host interface module stop mode is set (Initial value)

18.3 Operation

18.3.1 Host Interface Activation

The HIF (slave mode) is activated by setting the HI12E hit (bit 0) in SYSCR2 to 1 in single-chip
mode. When the HIF (dave mode) is activated, all related 1/O ports (data port 3, control ports 8
and 9, and host interrupt request port 4) become dedicated host interface ports. Setting the CS3E
bit and CSAE bit to 1 enables the number of HIF channels to be extended to afour, and makes the
channel 3 and 4 related /O port (part of port B for control and host interrupt requests) a dedicated
host interface port.

Table 18.4 shows HIF host interface channel selection and pin operation.
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Table 18.4 Host Interface Channel Selection and Pin Operation

HI12E CS2E CS3E CS4E Operation

0 — — — Host interface functions halted

1 0 0 0 Host interface channel 1 only operating
Operation of channels 2 to 4 halted

(No operation as CS2 or ECS2, CS3, and CS4 inputs. Pins
P43, P81, P90, and PBO to PB3 operate as I/O ports.)

1 Host interface channel 1 and 4 functions operating
Operation of channels 2 and 3 halted

(No operation as CS2 or ECS2 and CS3 inputs. Pins P43, P81,
P90, PBO, and PB2 operate as I/O ports.)

1 0 Host interface channel 1 and 3 functions operating
Operation of channels 2 and 4 halted

(No operation as CS2 or ECS2 and CS4 inputs. Pins P43, P81,
P90, PB1, and PB3 operate as I/O ports.)

1 Host interface channel 1, 3, and 4 functions operating
Operation of channel 2 halted

(No operation as CS2 or ECS2 input. Pins P43, P81, and P90
operate as /O ports.)

1 0 0 Host interface channel 1 and 2 functions operating
Operation of channels 3 and 4 halted

(No operation as CS3 and CS4 inputs. Pins PBO to PB3
operate as /O ports.)

1 Host interface channel 1, 2, and 4 functions operating
Operation of channel 3 halted

(No operation as CS3 input. Pins PBO and PB2 operate as I/O
ports.)

1 0 Host interface channel 1 to 3 functions operating
Operation of channel 4 halted

(No operation as CS4 input. Pins PB1 and PB3 operate as I/O
ports.)

1 Host interface channel 1 to 4 functions operating

For host read/write timing, see section 26.7.5, Timing of On-Chip Supporting Modules.
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Section 18 Host Interface

18.3.2 Control States
Table 18.5 shows host interface operations from the HIF host, and slave operation.

Table 18,5 Host Interface Operationsfrom HIF Host, and Slave Operation

Otherthan _
CSn CSn IOR IOW HAO  Operation
1 0 0 0 0 Setting prohibited
1 Setting prohibited
1 0 Data read from output data register n (ODRn)
1 Status read from status register n (STRn)
1 0 0 Data written to input data register n (IDRn)
1 Command written to input data register n (IDRn)
1 0 Idle state
1 Idle state

Note: n=1to4

18.3.3 A20 Gate

The A20 gate signal can mask address A20 to emulate an addressing mode used by personal
computers with an 8086" -family CPU. In slave mode, a regular-speed A20 gate signal can be
output under firmware control. Fast A20 gate output is enabled by setting the FGA 20E bit (bit 0)
to 1in HICR (H'FFFO).

Note: * Intel microprocessor.

Regular A20 Gate Operation

Output of the A20 gate signal can be controlled by an H'D1 command followed by data. When the
slave processor receives data, it normally uses an interrupt routine activated by the IBF1 interrupt
toread IDRL. If the data follows an H'D1 command, software copies bit 1 of the data and outputs
it at the gate A20 pin.

Fast A20 Gate Operation

When the FGA20E hit is set to 1, PB1/GA20 is used for output of afast A20 gate signal. Bit
P81DDR must be set to 1 to assign this pin for output. Theinitial output from this pin will be a
logic 1, which istheinitial value. Afterward, the host processor can manipulate the output from
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Section 18 Host Interface

this pin by sending commands and data. This function is available only when register IDR1 is
accessed using CS1. Slave logic decodes the commands input from the host processor. When an
H'D1 host command is detected, bit 1 of the data following the host command is output from the
GA20 output pin. This operation does not depend on firmware or interrupts, and is faster than the
regular processing using interrupts. Table 18.6 lists the conditions that set and clear GA20 (P81).
Figure 18.2 shows the GA 20 output in flowchart form. Table 18.7 indicates the GA 20 output
signal values.

Table18.6 GAZ20 (P81) Set/Clear Timing

Pin Name  Setting Condition Clearing Condition
GA20 Rising edge of the host’s write signal Rising edge of the host’s write signal
(P81) (IOW) when bit 1 of the written datais 1  (IOW) when bit 1 of the written data is O
and the data follows an H'D1 host and the data follows an H'D1 host
command command
Also, when bit FGA20E in HICR is cleared
to0

( s )

Host write
No H'D1 command
received?
Yes

Wait for next byte

Host write

Data byte?

Write bit 1 of data byte
to DR bit of P81/GA20

Figure18.2 GAZ20 Output
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Section 18 Host Interface

Table 18.7 Fast A20 Gate Output Signal

Internal CPU GA20

HAO  Data/Command Interrupt Flag  (P81) Remarks
1 H'D1 command 0 Q Turn-on sequence
0 1 data™” 0 1
1 H'FF command 0 Q@)
1 H'D1 command 0 Q Turn-off sequence
0 0 data™? 0 0
1 H'FF command 0 Q (0)
1 H'D1 command 0 Q Turn-on sequence
0 1 data** 0 1 (abbreviated form)
1/0 Command other than H'FF 1 Q@)
and H'D1
1 H'D1 command 0 Q Turn-off sequence
0 0 data™* 0 0 (abbreviated form)
1/0 Command other than H'FF 1 Q (0)
and H'D1
1 H'D1 command 0 Q Cancelled sequence
1 Command other than H'D1 1 Q
1 H'D1 command 0 Q Retriggered sequence
1 H'D1 command 0 Q
1 H'D1 command 0 Q Consecutively executed
0 Any data 0 1/0 sequences
1 H'D1 command 0 Q(1/0)

Notes: 1. Arbitrary data with bit 1 set to 1.
2. Arbitrary data with bit 1 cleared to O.

18.3.4 Host Interface Pin Shutdown Function

Host interface output can be placed in the high-impedance state according to the state of the
HIFSD pin. Setting the SDE bit to 1 in the SY SCR2 register enables the HIFSD pin is slave mode.
The HIF constantly monitors the HIFSD pin, and when this pin goes low, places the host interface
output pins (HIRQL, HIRQ11, HIRQ12, HIRQ3, HIRQ4, and GA20) in the high-impedance state.
HAOQ) are disabled (fixed at the high input state internally) regardless of the pin states, and the
signals of the multiplexed functions of these pins (input block) are similarly fixed internally. Asa
result, the host interface 1/0 pins (HDB7 to HDBO) also go to the high-impedance state.

This state is maintained while the HIFSD pin islow, and when the HIFSD pin returns to the high-
level state, the pins are restored to their normal operation as host interface pins.
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Section 18 Host Interface

Table 18.8 shows the scope of HIF pin shutdown in slave mode.

Table18.8 Scope of HIF Pin Shutdown in Slave Mode

Scope of
Shutdown in
Abbreviation Port Slave Mode 1/O Selection Conditions
IOR P93 0 Input Slave mode
oW P94 o Input Slave mode
CS1 P95 0 Input Slave mode
cs2 P81 A Input Slave mode and CS2E = 1 and FGA20E =0
ECS2 P90 A Input Slave mode and CS2E = 1 and FGA20E = 1
CSs3 PB2 A Input Slave mode and CS3E =1
CS4 PB3 A Input Slave mode and CS4E = 1
HAO P80 @) Input Slave mode
HDB?7 to P37t0 O /0 Slave mode
HDBO P30
HIRQ11 P43 A Output Slave mode and CS2E = 1 and P43DDR =1
HIRQ1 P44 A Output Slave mode and P44DDR =1
HIRQ12 P45 A Output Slave mode and P45DDR =1
HIRQ3 PBO A Output Slave mode and CS3E =1 and PBODDR =1
HIRQ4 PB1 A Output Slave mode and CS4E =1 and PB1IDDR =1
GA20 P81 A Output Slave mode and FGA20E = 1
HIFSD P82 — Input Slave mode and SDE =1

Legend:
O: Pins shut down by shutdown function

The IRQ2/ADTRG input signal is also fixed in the case of P90 shutdown, the TMCI1/HSYNCI
signal in the case of P43 shutdown, and the TMRI/CSYNCI in the case of P45 shutdown.

A:  Pins shut down only when the HIF function is selected by means of a register setting
—: Pin not shut down
Note: Slave mode: Single-chip mode and HI12E = 1
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Section 18 Host Interface

18.4  Interrupts

184.1 |IBF1,IBF2, IBF3, IBF4

The host interface can issue two interrupt requests to the slave CPU: IBF1, IBF2, IBF3, and IBF4.
They areinput buffer full interrupts for input data registers IDR1, IDR2, IDR3, and IDR4
respectively. Each interrupt is enabled when the corresponding enable bit is set.

Table18.9 Input Buffer Full Interrupts

Interrupt Description

IBF1 Requested when IBFIEL is set to 1 and IDR1 is full
IBF2 Requested when IBFIE2 is set to 1 and IDR2 is full
IBF3 Requested when IBFIE3 is set to 1 and IDR3 is full
IBF4 Requested when IBFIE4 is set to 1 and IDR4 is full

184.2 HIRQ11, HIRQ1, HIRQ12, HIRQ3, and HIRQ4

In dave mode (single-chip mode, with HI12E = 1 in SY SCR2), bits PA5DR to P43DR in the port
4 dataregister (PADR) and bits PB1IODR and PBOODR in the port B data register (PBODR) can
be used as host interrupt request latches

The corresponding bitsin PADR are cleared to 0 by the host processor’s read signal (IOR). If CS1
and HAO are low, when TOR goes low and the host reads ODR1, HIRQ1 and HIRQ12 are cleared
to 0. If CS2 and HAO are low, when TOR goes low and the host reads ODR2, HIRQ11 is cleared to
0. The corresponding bit in PBODR is cleared to 0 by the host’s read signal (IOR). If CS3 and
HAO are low, when TOR goes low and the host reads ODR3, HIRQ3 is cleared to 0. If CS4 and
HAO are low, when TOR goes low and the host reads ODR4, HIRQA4 is cleared to 0. To generate a
host interrupt request, normally on-chip firmware writes 1 in the corresponding bit. In processing
the interrupt, the host’ s interrupt handling routine reads the output data register (ODR1, ODR2,
ODR3, or ODR4) and this clears the host interrupt latch to 0.

Table 18.10 indicates how these bits are set and cleared. Figure 18.3 shows the processing in
flowchart form.
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Section 18 Host Interface

Table 18.10 HIRQ Setting/Clearing Conditions

Host Interrupt

Signal Setting Condition Clearing Condition

HIRQ11 Internal CPU reads 0 from bit P43DR, Internal CPU writes 0 in bit P43DR, or
(P43) then writes 1 host reads output data register 2
HIRQ1 Internal CPU reads 0 from bit P44DR, Internal CPU writes 0 in bit P44DR, or
(P44) then writes 1 host reads output data register 1
HIRQ12 Internal CPU reads 0 from bit P45DR, Internal CPU writes 0 in bit P45DR, or
(P45) then writes 1 host reads output data register 1
HIRQ3 Internal CPU reads 0 from bit PBOODR, Internal CPU writes 0 in bit PBOODR,
(PBO) then writes 1 or host reads output data register 3
HIRQ4 Internal CPU reads 0 from bit PBLODR, Internal CPU writes 0 in bit PB1ODR,
(PB1) then writes 1 or host reads output data register 4

Slave CPU

5

| Write to ODR |

!

| Write 1 to PADR

P4ADR = 0?

All bytes
transferred?

O

Master CPU

ODR read

Hardware operations!

'
S

Software operations ‘

Figure 18.3 HIRQ Output Flowchart (Example of Channels 1 and 2)
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Section 18 Host Interface

HIRQ Setting/Clearing Contention

If there is contention between a PADR or PBODR read/write by the CPU and PADR (HIRQ11,
HIRQL, HIRQ12) or PBODR (HIRQ3, HIRQ4) clearing by the host, clearing by the host is held
pending during the PADR or PBODR read/write by the CPU. PADR or PBODR clearing is
executed after completion of the read/write.

185 Usage Note
The following points require attention when using the host interface.

(1) Host and slave transmission/reception procedures
The host interface provides buffering of asynchronous data from the host and slave processors,
but an interface protocol must be followed to implement necessary functions and avoid data
contention. For example, if the host and slave processors try to access the same input or output
data register simultaneously, the data will be corrupted. Interrupts can be used to design a
simple and effective protocol.

(2) Preventing data contention on the HDB

When the HIF function isused (HI12E = 1 in SY SCR2) and channel 3 or channel 4 has been
set as deselected (CS3E = 0 or CSAE = 0 in SY SCR2), apply either of the following usage
conditions.

1. Ensure that the CS pin for the deselected channel isfixed high.
2. Do not perform port B reads.

(3) Preventing through-current in pins CS1 to CS4

Also, if two or more of pins CS1 to CS4 are driven low simultaneously in attempting IDR or
ODR access, signal contention will occur within the chip, and a through-current may resullt.
This usage must therefore be avoided.
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Section 19 D/A Converter

Section 19 D/A Converter

191 Overview

This LSl have an on-chip D/A converter module with two channels.

19.1.1 Features
Features of the D/A converter module are listed bel ow.

» Eight-bit resolution

e Two-channel output

* Maximum conversion time: 10 ps (with 20-pF load capacitance)
+ Output voltage: 0V to AV,

» D/A output retention in software standby mode
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Section 19 D/A Converter

19.1.2 Block Diagram

Figure 19.1 shows a block diagram of the D/A converter.

(]
Module data bus 8 Internal data bus
3]
1
O O O :
>
m
AVref ——™
AVCC —»
_ gl & &
DAO --—— 8-bitD/A Q| a 2
<| < 8
a| a
DAl —+—
AVSS —™
| §
Control
circuit

Legend:

DACR: D/A control register
DADRO: D/A data register O
DADR1: D/A data register 1

Figure19.1 Block Diagram of D/A Converter
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Section 19 D/A Converter

19.1.3 Input and Output Pins
Table 19.1 lists the input and output pins used by the D/A converter module.

Table19.1 Input and Output Pinsof D/A Converter Module

Name Abbreviation /O Function

Analog supply voltage AVCC Input Power supply for analog circuits

Analog ground AVSS Input Ground and reference voltage for analog
circuits

Analog output 0 DAO Output Analog output channel 0

Analog output 1 DAl Output Analog output channel 1

Reference voltage pin ~ AVref Input Reference voltage for analog circuits

19.14 Register Configuration
Table 19.2 lists the registers of the D/A converter module.

Table19.2 D/A Converter Registers

Name Abbreviation R/W Initial Value Address”
D/A data register 0 DADRO R/W H'00 H'FFF8
D/A data register 1 DADR1 R/W H'00 H'FFF9
D/A control register DACR R/W H'1F H'FFFA
Module stop control MSTPCRH R/W H'3F H'FF86
register MSTPCRL RIW HFF H'FF87

Note: * Lower 16 bits of the address.
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Section 19 D/A Converter

19.2 Register Descriptions

19.21 D/A Data Registers0and 1 (DADRO, DADR1)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

D/A dataregisters 0 and 1 (DADRO and DADR1) are 8-bit readable/writable registers that store
data to be converted. When analog output is enabled, the value in the D/A dataregister is
converted and output continuoudly at the analog output pin.

The D/A dataregistersareinitialized to H'00 by areset and in hardware standby mode.

19.2.2 DJ/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0

‘ DAOE1 ‘ DAOEO ‘ DAE ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W — — — — —

DACR isan 8-hit readable/writable register that controls the operation of the D/A converter
module.

DACRisinitialized to H'1F by areset and in hardware standby mode.

Bit 7—D/A Output Enable 1 (DAOEL): Controls D/A conversion and analog output.

Bit 7

DAOE1 Description

0 Analog output DAL is disabled (Initial value)
1 D/A conversion is enabled on channel 1. Analog output DAL is enabled
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Section 19 D/A Converter

Bit 6—D/A Output Enable 0 (DAOEQ): Controls D/A conversion and analog outpuit.

Bit 6

DAOEO Description

0 Analog output DAOQ is disabled (Initial value)
1 D/A conversion is enabled on channel 0. Analog output DAO is enabled

Bit 5—D/A Enable (DAE): Controls D/A conversion, in combination with bits DAOEQ and
DAOEL. D/A conversion is controlled independently on channels 0 and 1 when DAE = 0.
Channels 0 and 1 are controlled together when DAE = 1.

Output of the converted resultsis always controlled independently by DAOEO and DAOEL.

Bit 7 Bit 6 Bit 5

DAOE1 DAOEO DAE D/A conversion

0 0 * Disabled on channels 0 and 1
1 0 Enabled on channel 0

Disabled on channel 1

Enabled on channels 0 and 1

1 0 0 Disabled on channel 0
Enabled on channel 1

1 Enabled on channels 0 and 1

1 * Enabled on channels 0 and 1

Legend:
*: Don't care

If the chip enters software standby mode while D/A conversion is enabled, the D/A output is
retained and the analog power supply current is the same as during D/A conversion. If itis
necessary to reduce the analog power supply current in software standby mode, disable D/A
output by clearing the DAOEO, DAOEL, and DAE bitsto 0.

Bits 4 to 0—Reserved: These bits cannot be modified and are always read as 1.
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19.23 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR, comprising two 8-hit readable/writable registers, performs module stop mode control.
When the MSTP10 hit is set to 1, the D/A converter halts and enters module stop mode at the end
of the bus cycle. See section 25.5, Module Stop Mode, for details.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in
software standby mode.

MSTPCRH Bit 2—Module Stop (M STP10): Specifies D/A converter module stop mode.

MSTPCRH

Bit 2

MSTP10 Description

0 D/A converter module stop mode is cleared

1 D/A converter module stop mode is set (Initial value)
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19.3 Operation
The D/A converter module has two built-in D/A converter circuits that can operate independently.

D/A conversion is performed continuously whenever enabled by the D/A control register (DACR).
When anew value is written in DADRO or DADRL, conversion of the new value begins
immediately. The converted result is output by setting the DAOEQO or DAOEL bit to 1.

An example of conversion on channel 0 is given next. Figure 19.2 shows the timing.

» Software writes the data to be converted in DADRO.

» D/A conversion begins when the DAOEQ bit in DACR is set to 1. After the elapse of the
conversion time, analog output appears at the DAO pin. The output valueis AVref x (DADR
value)/256.

This output continues until anew value iswritten in DADRO or the DAOEQ hit is cleared to 0.

e If anew vaueiswritten in DADRO, conversion begins immediately. Output of the converted
result begins after the conversion time.

e When the DAOEQ bit is cleared to 0, DAO becomes an input pin.

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
?
(C ((
Address « «
)7 )7
DADRO >< Conversion data (1) Conversion data (2)

DAOEO

‘*\\\Conversion result (2)

DAO Conversion result (1)

i
-t - -
tocony tocony

High-impedance state

Legend:
tocony: D/A conversion time

Figure19.2 D/A Conversion (Example)
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Section 20 A/D Converter

20.1 Overview

This LSl incorporate a 10-bit successive-approximations A/D converter that allows up to eight
analog input channels to be selected.

In addition to the eight analog input channels, up to 16 channels of digital input can be selected for
A/D conversion. Since the conversion precision fallswhen digital input is selected, digital input is
ideal for use by a comparator identifying multi-valued inputs, for example.

20.1.1 Features
A/D converter features are listed below.

* 10-hit resolution
» Eight (analog) or 16 (digital) input channels
» Settable analog conversion voltage range

0 The analog conversion voltage range is set using the reference power supply voltage pin
(AVref) asthe analog reference voltage

» High-speed conversion

O Minimum conversion time: 6.7 us per channel (at 20-MHz operation)
¢ Choice of single mode or scan mode

O Singlemode: Single-channel A/D conversion

0 Scanmode:  Continuous A/D conversion on 1 to 4 channels
¢ Four dataregisters

O Conversion results are held in a 16-bit data register for each channel
¢ Sample and hold function
e Threekinds of conversion start

0 Choice of software or timer conversion start trigger (8-bit timer), or ADTRG pin
e A/D conversion end interrupt generation

O AnA/D conversion end interrupt (ADI) request can be generated at the end of A/D
conversion
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20.1.2

Block Diagram

Figure 20.1 shows a block diagram of the A/D converter.

Module data bus

ANANANARNY

AVCC —

AVref — wf

AVSS —

10-bit D/A

Successive approximations
register
ADDRA

ADDRB

ADDRC

ADDRD
ADCSR

ANQ —»

AN1 —

AN2 —»|

AN3 —=

AN4 —

AN5 —»

ANG/CINO to CIN7 ——=
AN7/CIN8 to CIN15 —{

Multiplexer

oo

| ; ' Comparator

Sample-and-
hold circuit

|

Control circuit

Legend:
ADCR:

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

A/D control register
A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

Internal
data bus
[0}
Q
]
£
Q
O E
(2}
>
o
e |
(]
[a)
<
le—— @/8
la—— /16
ADI interrupt
signal

Conversion start
trigger from 8-bit
timer

Figure20.1 Block Diagram of A/D Converter
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Section 20 A/D Converter

20.1.3  Pin Configuration

Table 20.1 summarizes the input pins used by the A/D converter.

The AVCC and AVSS pins are the power supply pinsfor the analog block in the A/D converter.

Table20.1 A/D Converter Pins

Pin Name Symbol 110 Function

Analog power supply pin AvVCC Input Analog block power supply

Analog ground pin AVSS Input Analog block ground and A/D conversion
reference voltage

Reference power supply pin AVref Input A/D conversion reference voltage

Analog input pin O ANO Input Analog input channel O

Analog input pin 1 AN1 Input Analog input channel 1

Analog input pin 2 AN2 Input Analog input channel 2

Analog input pin 3 AN3 Input Analog input channel 3

Analog input pin 4 AN4 Input Analog input channel 4

Analog input pin 5 AN5 Input Analog input channel 5

Analog input pin 6 ANG6 Input Analog input channel 6

Analog input pin 7 AN7 Input Analog input channel 7

A/D external trigger input pin ~ ADTRG Input External trigger input for starting A/D
conversion

Expansion A/D input pins CINO to Input Expansion A/D conversion input (digital

Oto 15 CIN15 input pin) channels 0 to 15
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20.1.4 Register Configuration
Table 20.2 summarizes the registers of the A/D converter.

Table20.2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address™*

A/D data register AH ADDRAH R H'00 H'FFEO

A/D data register AL ADDRAL R H'00 H'FFE1

A/D data register BH ADDRBH R H'00 H'FFE2

A/D data register BL ADDRBL R H'00 H'FFE3

A/D data register CH ADDRCH R H'00 H'FFE4

A/D data register CL ADDRCL R H'00 H'FFE5

A/D data register DH ADDRDH R H'00 H'FFE6

A/D data register DL ADDRDL R H'00 H'FFE7

A/D control/status register ADCSR RI(W)**  H'00 H'FFE8

A/D control register ADCR R/W H'3F H'FFE9

Module stop control register MSTPCRH R/W H'3F H'FF86
MSTPCRL R/W H'FF H'FF87

Keyboard comparator control KBCOMP R/W H'00 H'FEE4

register

Notes: 1. Lower 16 bits of the address.

2. Only 0 can be written in bit 7, to clear the flag.

20.2  Register Descriptions

20.21 A/D Data Registers A to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

|AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| — | — | — | — | — | — ‘
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R R R R R R R R R

There are four 16-bit read-only ADDR registers, ADDRA to ADDRD, used to store the results of
A/D conversion.
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The 10-bit data resulting from A/D conversion is transferred to the ADDR register for the selected
channel and stored there. The upper 8 bits of the converted data are transferred to the upper byte
(bits 15 to 8) of ADDR, and the lower 2 bits are transferred to the lower byte (bits 7 and 6) and
stored. Bits5to 0 are always read as 0.

The correspondence between the analog input channels and ADDR registersis shown in table
20.3.

The ADDR registers can always be read by the CPU. The upper byte can be read directly, but for
the lower byte, data transfer is performed via atemporary register (TEMP). For details, see section
20.3, Interface to Bus Master.

The ADDR registers are initialized to H'0000 by areset, and in standby mode, watch mode,
subactive mode, subsleep mode, and module stop mode.

Table20.3 Analog Input Channels and Corresponding ADDR Registers

Analog Input Channel

Group 0 Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 AN5S ADDRB
AN2 ANG or CINO to CIN7 ADDRC
AN3 AN7 or CIN8 to CIN15 ADDRD

20.2.2  A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
| ADF | ADIE | ADST | SCAN | CKS | CH2 | CH1 | CHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only 0 can be written in bit 7, to clear the flag.

ADCSR is an 8-hit readable/writable register that controls A/D conversion operations.

ADCSR isinitialized to H'00 by areset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.
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Bit 7—A/D End Flag (ADF): Status flag that indicates the end of A/D conversion.

Bit 7
ADF Description
0 [Clearing conditions] (Initial value)

e When 0 is written in the ADF flag after reading ADF = 1
¢« When the DTC is activated by an ADI interrupt and ADDR s read
1 [Setting conditions]

« Single mode: When A/D conversion ends
e Scan mode: When A/D conversion ends on all specified channels

Bit 6—A/D Interrupt Enable (ADIE): Selects enabling or disabling of interrupt (ADI) requests
at the end of A/D conversion.

Bit 6

ADIE Description

0 A/D conversion end interrupt (ADI) request is disabled (Initial value)
1 A/D conversion end interrupt (ADI) request is enabled

Bit 5—A/D Start (ADST): Selects starting or stopping of A/D conversion. Holds avalue of 1
during A/D conversion.

The ADST bit can be set to 1 by software, atimer conversion start trigger, or the A/D external
trigger input pin (ADTRG).

Bit 5

ADST Description

0 A/D conversion stopped (Initial value)
1 Single mode: A/D conversion is started. Cleared to 0 automatically when conversion

on the specified channel ends

Scan mode: A/D conversion is started. Conversion continues sequentially on the
selected channels until ADST is cleared to 0 by software, a reset, or a
transition to standby mode or module stop mode

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode as the A/D conversion operating
mode. See section 20.4, Operation, for single mode and scan mode operation. Only set the SCAN
bit while conversion is stopped.
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Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Setsthe A/D conversion time. Only change the conversion time
while ADST = 0.

Bit 3

CKSs Description

0 Conversion time = 266 states (max.) (Initial value)
1 Conversion time = 134 states (max.)

Bits 2 to 0—Channel Select 2to 0 (CH2 to CHO): Together with the SCAN bit, these bits select
the analog input channel (s).

One analog input channel can be switched to digital input.

Only set the input channel while conversion is stopped.

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 ANO (Initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3
1 0 0 AN4 AN4
1 ANS5 AN4, AN5
1 0 ANG6 or CINO to CIN7  AN4, AN5,

ANG or CINO to CIN7

1 AN7 or CIN8 to CIN15 AN4, ANS5,
ANG or CINO to CIN7

AN7 or CIN8 to CIN15
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20.2.3 A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1 0
| TRGS1 | TRGSO | — | — | _ | _ | _ | _ ‘
Initial value 0 0 1 1 1 1 1 1

Read/Write R/W R/W — — — — — _

ADCR is an 8-hit readabl e/writable register that enables or disables external triggering of A/D
conversion operations.

ADCR isinitialized to H'3F by areset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 and 6—Timer Trigger Select 1 and 0 (TRGS1, TRGS0): These bits select enabling or
disabling of the start of A/D conversion by atrigger signal. Only set bits TRGS1 and TRGSO
while conversion is stopped.

Bit 7 Bit 6

TRGS1 TRGSO Description

0 0 Start of A/D conversion by external trigger is disabled (Initial value)
1 Start of A/D conversion by external trigger is disabled

1 0 Start of A/D conversion by external trigger (8-bit timer) is enabled
1 Start of A/D conversion by external trigger pin is enabled

Bits 5 to 0—Reserved: Should always be written with 1.

Note: Some of these bits are readable/writable in products other than the HD64F2148,
HD64F2147N, HD64F2144, HD64F2142R and HD6432142, however, when writing, be
sure to write 1 here for software compatibility.
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20.24 Keyboard Comparator Control Register (KBCOMP)

Bit 7 6 5 4 3 2 1 0

\ IrE \ IrCKS2 \ IrCKS1 \ IrCKSO \ KBADE \ KBCH2 \ KBCH1 \ KBCHO \
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

KBCOMP is an 8-hit readable/writable register that controls the SCI2 IrDA function and selects
the CIN input channels for A/D conversion.

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

Bits 7 to 4—IrDA Control: Seethe description in section 15.2.11, Keyboard Comparator Control
Register (KBCOMP).

Bit 3—Keyboard A/D Enable (KBADE): Selects either analog input pins (AN6, AN7) or digital
input pins (CINO to CIN7, CIN8 to CIN15) for A/D converter channel 6 and channel 7 input.

Bits 2 to 0—Keyboard A/D Channel Select 2to 0 (KBCH2 to KBCHO): These bits select the
channelsfor A/D conversion from among the digital input pins. Only set the input channel while
A/D conversion is stopped.

Bit 3 Bit 2 Bit 1 Bit 0

A/D Converter A/D Converter
KBADE KBCH2 KBCH1 KBCHO Channel 6 Input Channel 7 Input

0 — — — ANG6 AN7
1 0 0 0 CINO CIN8
1 CIN1 CIN9

1 0 CIN2 CIN10

1 CIN3 CIN11

1 0 0 CIN4 CIN12

1 CINS CIN13

1 0 CING CIN14

1 CIN7 CIN15
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20.25 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

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

MSTPCR, comprising two 8-hit readable/writable registers, performs module stop mode control.

When the MSTP9 bit in MSTPCR is set to 1, A/D converter operation stops at the end of the bus
cycle and atransition is made to module stop mode. Registers cannot be read or writtento in
module stop mode. For details, see section 25.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

MSTPCRH Bit 1—Module Stop (M STP9): Specifiesthe A/D converter module stop mode.

MSTPCRH

Bit 1

MSTP9 Description

0 A/D converter module stop mode is cleared

1 A/D converter module stop mode is set (Initial value)
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20.3 Interfaceto BusMaster

ADDRA to ADDRD are 16-hit registers, but the data bus to the bus master is only 8 bits wide.
Therefore, in accesses by the bus master, the upper byte is accessed directly, but the lower byteis
accessed via atemporary register (TEMP).

A dataread from ADDR is performed as follows. When the upper byteisread, the upper byte
valueistransferred to the CPU and the lower byte value istransferred to TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading ADDR, aways read the upper byte before the lower byte. It is possible to read only
the upper byte, but if only the lower byteis read, incorrect data may be obtained.

Figure 20.2 shows the data flow for ADDR access.

Upper byte read

Module data bus
Bus master —) Bus interface

(HAA)
TEMP
(H'40)
ADDRNH ADDRNL
(HAA) (H'40) (1=A1o D)

Lower byte read

Bus master . Module data bus
4= Bus interface

(H'40)
TEMP
(H'40)
ADDRNH ADDRnNL
(H'AA) (H'40)
(n=AtoD)

Figure20.2 ADDR Access Operation (Reading H'AA40)
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20.4  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It hastwo
operating modes:. single mode and scan mode.

2041 SingleMode (SCAN =0)

Single mode is selected when A/D conversion is to be performed on a single channel only. A/D
conversion is started when the ADST bit isset to 1 by software, or by external trigger input. The
ADST hit remains set to 1 during A/D conversion, and is automatically cleared to O when
conversion ends.

On completion of conversion, the ADF flag is set to 1. If the ADIE bit isset to 1 at thistime, an
ADI interrupt request is generated. The ADF flag is cleared by writing O after reading ADCSR.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST hit to 1 to start A/D conversion again. The ADST hit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described next. Figure
20.3 shows atiming diagram for this example.

1. Single modeis selected (SCAN = 0), input channel AN1 isselected (CH1 = 0, CHO = 1), the
A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

2. When A/D conversion is completed, the result istransferred to ADDRB. At the same time the
ADFflagissetto 1, the ADST bhitiscleared to 0, and the A/D converter becomesidle.

3. Since ADF =1and ADIE =1, an ADI interrupt is requested.

4. The A/D interrupt handling routine starts.

5. Theroutine reads ADCSR, then writes O to the ADF flag.

6. The routine reads and processes the conversion result (ADDRB).

7. Execution of the A/D interrupt handling routine ends. After that, if the ADST bitisset to 1,
A/D conversion starts again and steps 2 to 7 are repeated.
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| Set”
]
ADIE AD -
* *
c?n\t/ersion }_Set | 5t
ADST s )
; | Clear | Clear*
ADF \> /
State of channel 0 (ANO) idle / !
State of channel 1 (AN1) | Idle [ AID conversion T~ Idle LD conversion 24, Lt
State of channel 2 (AN2) | Idle \J \
State of channel 3 (AN3) | Idle / /

/

ADDRA

[

[
\ | Read conversion result \

| Read conversion result

ADDRB

X A/D conversion result 1 X

A/D conversion result 2

ADDRC

ADDRD

Note: * Vertical arrows (i ) indicate instructions executed by software.

Figure20.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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204.2 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit isset to 1 by software, or by timer or external trigger input, A/D conversion starts on the
first channel in the group (ANO when CH2 = 0; AN4 when CH2 = 1). When two or more channels
are selected, after conversion of the first channel ends, conversion of the second channel (AN1 or
AND) startsimmediately. A/D conversion continues cyclically on the selected channels until the
ADST bhit iscleared to 0. The conversion results are transferred for storage into the ADDR
registers corresponding to the channels.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when three channels (ANO to AN2) are selected in scan mode are described
next. Figure 20.4 shows atiming diagram for this example.

1. Scan modeis selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels
ANO to AN2 are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1)

2. When A/D conversion of the first channel (ANO) is completed, the result is transferred to
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

3. Conversion proceedsin the same way through the third channel (AN2).

4. When conversion of al the selected channels (ANO to AN2) is completed, the ADF flag is set
to 1 and conversion of the first channel (ANO) starts again. If the ADIE bit isset to 1 at this
time, an ADI interrupt is requested after A/D conversion ends.

5. Steps2to 4 arerepeated aslong as the ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bit isset to 1, A/D conversion
starts again from the first channel (ANO).
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| Continuous A/D conversion execution |
I

| Set*1 i Clear*!
ADST
\ | Clear*t
ADF L
A/D conversion time
ot
State of channel 0 (ANO) [ Idle [ AID conversion 1§ Idle | A/D conversion 4% [ Idle ]
State of channel 1 (AN1) | Idle YA/D conversion 2§ Idle YAJD conversion 52 Idle ]
State of channel 2 (AN2) | Idle YAID conversion 3. Idle ]
State of channel 3 (AN3) [ I Idle 1 \/ ]
\ Transfer / / \
ADDRA A/D conversion result 1 A/D conversion result 4
ADDRB X [\ A/D conversion result 2
ADDRC A/D conversion result 3
ADDRD

Notes: 1. Vertical arrows (} ) indicate instructions executed by software.
2. Data currently being converted is ignored.

Figure20.4 Example of A/D Converter Operation
(Scan Mode, Channels ANO to AN2 Selected)
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20.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 20.5 shows the A/D
conversion timing. Table 20.4 indicates the A/D conversion time.

Asindicated in figure 20.5, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. The total conversion
time therefore varies within the ranges indicated in table 20.4.

In scan mode, the values given in table 20.4 apply to the first conversion time. In the second and
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states
when CKS=1.

Address (2)

Write signal | |

Input sampling
timing

ADF

to tspL

tcony
Legend:
(1)  : ADCSR write cycle
(2) :ADCSR address
to : A/D conversion start delay time
tspL  : Input sampling time
tconv : A/D conversion time

Figure20.5 A/D Conversion Timing
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Table20.4 A/D Conversion Time (Single Mode)

CKsS=0 CKs=1
Item Symbol Min Typ Max  Min Typ Max
A/D conversion start delay t, 10 — 17 6 — 9
Input sampling time ten — 63 — — 31 —
A/D conversion time teony 259 — 266 131 — 134

Note: Values in the table are the number of states.

204.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO bitsare set to 11 in
ADCR, external trigger input is enabled at the ADTRG pin. A falling edge at the ADTRG pin sets
the ADST bitto 1in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as when the ADST bit is set to 1 by software. Figure 20.6 shows the timing.

Internal trigger signal

ADST

A/D conversion

Figure20.6 External Trigger Input Timing

205 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request can be enabled or disabled by the ADIE bit in ADCSR.
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20.6  Usage Notes

The following points should be noted when using the A/D converter.

Setting Range of Analog Power Supply and Other Pins

1. Analog input voltage range

The voltage applied to the ANn analog input pins during A/D conversion should be in the
range AV < ANNn<AV_ (n=0to7).

2. Digitd input voltage range
The voltage applied to the CINn digital input pins should bein therange AV < CINN< AV
andV < CINn<V_ (n=0to15).

3. Relation between AV ., AV and V., V4

Asthe relationship between AV ., AV and V, Vg, set AV = V. If the A/D converter is
not used, the AVCC and AV SS pins must on no account be left open.

4. Setting Range of AVref Pin:
The reference voltage supplied viathe AVref pin should bein therange AV , < AV..

ref —

If conditions 1 to 4 above are not met, the reliability of the device may be adversely affected.

Notes on Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible,
and layout in which digital circuit signal lines and analog circuit signal lines cross or arein close
proximity should be avoided as far as possible. Failure to do so may result in incorrect operation
of the analog circuitry due to inductance, adversely affecting A/D conversion values.

Also, digital circuitry must be isolated from the analog input signals (ANO to AN7), analog
reference power supply (AVref), and analog power supply (AVCC) by the analog ground (AVSS).
Also, the analog ground (AV SS) should be connected at one point to a stable digital ground (VSS)
on the board.

Notes on Noise Counter measur es

A protection circuit connected to prevent damage due to an abnormal voltage such as an excessive
surge at the analog input pins (ANO to AN7) or analog reference power supply pin (AVref) should
be connected between AVCC and AV'SS as shown in figure 20.7.
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Also, the bypass capacitors connected to AV CC, AVref and the filter capacitor connected to ANO
to AN7 must be connected to AV SS.

If afilter capacitor is connected as shown in figure 20.7, the input currents at the analog input pins
(ANO to AN7) are averaged, and so an error may arise. Also, when A/D conversion is performed
frequently, asin scan mode, if the current charged and discharged by the capacitance of the
sample-and-hold circuit in the A/D converter exceeds the current input via the input impedance
(R,), an error will arisein the analog input pin voltage. Careful consideration is therefore required
when deciding the circuit constants.

/_\/

e ] avec
O ‘ T [ AVref

“al ”J . ANO to AN7
O T T AVSS

/_\/

Notes: Figures are reference values.
1.

10 pF 0.01 uF

2. Rjn: Input impedance

Figure20.7 Example of Analog Input Protection Circuit

Table20.5 Analog Pin Ratings

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10* kQ

Note: * WhenV_=4.0t05.5V and ¢<12 MHz.
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10 kQ

ANO to AN7 Q%» To A/D converter
l 20 pF

Note: Numeric values are reference values.

Figure20.8 Analog Input Pin Equivalent Circuit

A/D Conversion Precision Definitions

The A/D conversion precision in this LSl is defined as follows.

Resolution
The number of A/D converter digital output codes

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 20.10).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'111111111 (H'3FF) (see
figure 20.11).

Quantization error
The deviation inherent in the A/D converter, given by 1/2 L SB (see figure 20.9).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error.

Absolute precision
The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.
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Digital output

Ideal A/D conversion —»
H'3FF - characteristic
H'3FE -
H'3FD -
H004 -
H'003 [~
H'002 |~ Quantization error
H'001 |~
Hooo A — L1 |
1 2 1022 1023 FS
1024 1024 1024 1024
Analog

input voltage

Figure20.9 A/D Conversion Precision Definitions (1)

Full-scale error

i

Digital output

Ideal A/D conversion
characteristic

/" L— Nonlinearity
error

—-— Actual A/D conversion

characteristic
L FS
L Analog
Offset error input voltage

Figure20.10 A/D Conversion Precision Definitions (2)

Rev. 4.00 Sep 27,2006 page 633 of 1130
REJ09B0327-0400

RENESAS




Section 20 A/D Converter

Permissible Signal Source |mpedance

Analoginput in thisLSI is designed so that conversion precision is guaranteed for an input signal
for which the signal sourceimpedance is 10 kQ (AVcc =4.0t0 5.5V, when @< 12 MHZz) or less.
This specification is provided to enable the A/D converter’ s sample-and-hold circuit input
capacitance to be charged within the sampling time; if the sensor output impedance exceeds 10 kQ
(AVeec =4.0t0 5.5V, when @< 12 MHz), charging may be insufficient and it may not be possible
to guarantee the A/D conversion precision.

However, if alarge capacitance is provided externally, the input load will essentially comprise
only theinternal input resistance of 10 kQ, and the signal source impedance isignored.

But since alow-passfilter effect is obtained in this case, it may not be possible to follow an analog
signal with alarge differential coefficient (e.g., 5 mV/usec or greater).

When converting a high-speed analog signal, a low-impedance buffer should be inserted.

Influences on Absolute Precision

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute precision. Be sure to make the connection to an electrically stable GND such as
AV
Careisaso required to insure that filter circuits do not communicate with digital signalson the
mounting board, so acting as antennas.

This LSI

A/D converter

equivalent circuit
Sensor output
impedance,
up to 10 kQ 10 kQ

Sensor input ——/\AA l

e A Cin = l L
i Low-pass : 20 pF
: filter ; 15pF —WT i
+ Cto 0.1 uF !

Note: Values are reference values.

Figure20.11 Example of Analog Input Cir cuit
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Section 21 RAM

21.1 Oveview

The H85/2148, H8S/2144, and H8S/2143 have 4 kbytes of on-chip high-speed static RAM, and
the H8S/2147, H8S/2147N, and H85/2142 have 2 kbytes. The on-chip RAM is connected to the
CPU by a 16-hit data bus, enabling both byte data and word data to be accessed in one state. This
makes it possible to perform fast word data transfer.

The on-chip RAM can be enabled or disabled by means of the RAM enable bit (RAME) in the
system control register (SY SCR).

2111  Block Diagram

Figure 21.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'FFE080 HFFE081
H'FFE082 HFFE083
HFFE084 H'FFEO085
HFFEFFE HFFEFFF
HFFFF00 HFFFFO1
HFFFF7E HFFFF7F

Figure21.1 Block Diagram of RAM (H8S5/2148, H85/2144, H85/2143)
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21.1.2 Register Configuration
The on-chip RAM is controlled by SY SCR. Table 21.1 sh